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of Medicine, Aalborg University. !e clinical work was performed at Department of OrthopedicspEdtdospital, Aalborg
University Hospital.
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ing me grounded. | will never be able to pay you back. To my dear brother £ | always enjoy sharing evehyyioingwi
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esis"at"a"glance

Paper"|

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"ll

Hypothesis: Tourniquet use induces ischemia during TKA
surgery and reperfusion.

Design: MiD catheters were inserted in the gastrocnemius 4
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. le changes are reversed a$er 5 hours.

Paper"ll"

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.
le 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.




Abbreviations

Abbreviations:"

BMD

CN

CPK

KF
KOOS
MERBF
MTPM
MiD
Non-Tq"group
ROM
RSA
Tq"group
TKA
VAS

WOMAC

Bone mineral density
Condition number

Creatine phosphokinase
Knee &exion

Knee Injury and Osteoarthritis Outcome Score
Mean error of rigid body #tting
Maximum total point motion
Microdialysis

Non tourniquet group

Range of motion

Radio stereometric analysis
Tourniquet group

Total knee arthroplasty

Visual analog scale

Western Ontario and McMaster Universities Arthritis Index
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Summary"in"English

Pneumatic tourniquets are widely used in orthopedic exStudy" Il investigated tourniquet-induced ischemia using
tremity surgery. Especially in TKA they have an establishdte technique of microdialysis (MiD). It seems apparent that
place, ensuring surgical overview in a bloodless #eld and deechanical compression of the thigh muscle induces local
creasing bleeding. Despite knowing that tourniquet causeschemia, whereas very little is known about ischemic chang-
ischemia and so$ tissue damage surgeons still carry on &s distal to the cu*. Ischemic metabolites were investigated
ing them and are o$%en not conscious of the exact extent by placing a microdialysis catheter in the calf muscle of the
ischemia and damage tourniquets can in&ict. One of thaperated leg and the non-operated leg in both randomization
main reasons for using a tourniquet in TKA is theoreticabroups. Before surgery and during a reperfusion period of 5
i.e., assuming that the quality of cementation is enhanceldpurs, markers of ischemia and cell damage, pyruvate, glu-
thereby improving implant #xation. cose, lactate and glycerol, were collected and analyzed.
Studies using RSA have shown early tibial migration is akticrodialysis showed that a tourniquet causes signi#cant
sociated with increased risk of short- and long-term revisiorischemia and that markers are a*ected until 3 hours a$er cu*
Due to the special loading kinematics of the tibial comporemoval.

nent in the TKA procedure, good cementation is of vital im-Study"lll investigated the #xation of the tibial component
portance, and it is of great concern to surgeons if this is nasing RSA, which allows in vivo 3-D migration measure-
achieved, especially if a tourniquet has not been used. ments of the implant. Migration was compared between the
le advantages should always be balanced against the riska/o groups using the maximum total point motion (MTPM)
involved in tourniquet use. !e advantages have been con-as primary outcome. Secondary RSA outcome was expressed
sidered to include absence of intraoperative bleeding, bettas translation and rotation along and around the x, y z axes.
surgical overview and concurrently a reduction of surgicah$er 2 years, no di*erence could be determined between the
time and better cementation of the components. !e disad-two groups in total migration (MTPM) and single direction
vantages include nerve palsy, vascular and skeletal tissueviiith regard to translation and rotation. All implants inserted
juries, severe thigh pain and swelling, and diminished rangeithout a tourniquet were stable.

of motion. Cases of impaired cardio-respiratory function,

pulmonary thromboembolism and rhabdomyolysis induced!is PhD thesis demonstrates that not using a tourniquet
by tourniquet use have all been reported. Due to hypoxia artliring TKA facilitates initial rehabilitation in terms of better
impaired postoperative tissue perfusion, wound healing disslinical outcomes and reduced ischemic conditions without
orders and early infections have been attributed to the use @dmpromising durable implant #xation or the quality of ce-
a tourniquet. mentation. lese results warrant further trials investigating

le aim of this study was to investigate in a randomized con-ischemic conditions and implant #xation.

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 (KQS)
and knee range of motion

2. leischemic conditions in so$ tissue

3. Implant #xation

Study"linvestigated 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.




Summary"in"Danish

Summary"in"Danish

Pneumatisk blodtomhedsmanchet (tourniquet) er hyppigt hver Ifigmuskel, af henholdsvis det opererede ben og det
anvendt ved ortopiidkirurgiske indgreb. | sfirdeleshed anvikke-opererede, hos begge randomiseringsgrupper. Pri- og
endes manchetten ved elektiv total knfi alloplastik (TKA)postoperativt blev der opsamlet pruver. | lubet af reperfusion-
hvor den meduvirker til at skabe bedre kirurgisk overblik i esperioden p/ 5 timer blev der analyseret p/ pyruvat, glukose,
blodtomt felt og mindsker bludningen. Velvidende at tour-laktat og glycerol. Microdialyse p/viste, at tourniquet med-
niguet medfurer iskfiimi og viivsskade bruges den fortsaturer en betydelig, men reversibel iskiimi med metabolitter,
af kirurger, uden det nujagtige omfang af iskfimi graden ogler er p/virket op til 3 timer e$er operationen.

vilvsskade kendes. Studie"lll"'undersuger #kseringen af tibia komponenten ved
En af hoved/rsagerne til brug af tourniquet vedrurer kvalbrug af RSA, der muliggur 3D m/linger af protesemigration.
iteten af cementering og knogle-cement bindingen, i de¥igrationen mellem de to grupper blev undersugt ved hjfilp
bludning kan forringe protesens #ksering. af maximum total point motion (MTPM) som primfir ef-
Det er i studier fastsl/et, at tidlig migration af tibia kom- fektm/l. Sekundfire e*ektm/l blev udtrykt som translation
ponenten er associeret med uget risiko for tidlig revisiorog rotation, hvv. langs- og rundt om x-, y- og z-aksen.
Grundet tibia komponentens specielle belastningskinE$er to /r er der ingen forskel i migration mellem de to grup-
ematik, er bekymringen ved TKA operationer stor, hvis epper i hverken MTPM eller translationer<rotationer. Alle pro-
tilfredsstillende cementering ikke opn/s grundet fraviir teser isat uden brug af tourniquet er stabile.

af tourniquet. Fordelene ved tourniquet brug skal altiddenne PhD p/viser at fraviiret af tourniquet faciliterer en
opvejes i forhold til ulemperne og inkluderer mindre bludn-tidligere rehabilitering i form af bedre tidlige kliniske out-
ing under operationen, bedre oversigt i feltet og dermedomes, nedsat iskiimisk p/virkning af muskulatur og sam-
mindskes operationstiden. Ulemper er kar- og nervebeskaidig kompromitteres cementeringen ikke og en god pro-
digelse, viivsskade, smerter og hfivelse i I/rbensmuskulatuese#ksering kan opn/s. Yderligere studier p/krfives, til at
nedsat beviigeudslag af knfiet. Ydermere er der beskrevwatdersuge de iskfimiske forhold samt protese#kseringen.
sviire hjertelunge komplikationer, blodpropper og rhab-

domyolyse grundet brug af tourniquet. Grundet hypoxi og

nedsat viivsperfusion som skyldes manchetten, er der be-

skrevet d/rlig s/rheling og uget infektionsrisiko.

Form/let var at undersuge, i et randomiseret studie, om

fraviiret af tourniquet ville p/virke

1. Kliniske outcomes vedrurende rehabilitering (KOOS)
og bevfigeudslag af knfiet (ROM)

2. De iskiimiske forhold i skelet muskulatur
under og e$er operation

3. Protese#kseringen

Studie" | undersuiger tourniquetAs e*ekt p/ funktionelle og
kliniske outcome, evalueret med Knee Injury and Osteoar-
thritis Outcomes Score (KOOS) samt bevfigeudslag af knfiet.
Sekundfire outcomes blev undersugt i form af peroperative
data, postoperativ smerte og analgetika forbrug.
Funktionelle outcomes samt bevfigeudslag var bedre i den
tidlige rehabiliteringsfase ved fraviiret 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" Il undersuger de iskiimiske forhold p/furt af tour-
niquet ved brugen af microdialyse (MiD). Den mekaniske
kompression af l/rbenet synes tydelig, men meget lidt vides
om de iskfimiske forhold distalt i ekstremiteten. Iskfimiske
metabolitter blev undersugt ved at isfitte et MiD kateter
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Introduction

TKA is a successful procedure that provides substantial intients that were randomized into two groups, a control group
provement in functional status and pain relief. A total of 8194nd an intervention group.

TKAs were performed in 2012 in Denmark, 90> of thesell perioperative data were recorded to evaluate di*erences
were cemented and more than 90> of the procedures irbetween the two groups, with special emphasis on clini-
volved tourniquet useé Even with this success, aseptic looseal and functional outcomes like pain and range of motion
ening continues to be a concern. lis emphasizes the needstudy 1). During surgery, all patients had microdialysis
for a thorough investigation that sheds light on the questiofMiD) catheters inserted into the gastrocnemius muscles of
of whether a tourniquet still has a role in modern knee reboth legs to characterize the ischemic and metabolic changes
placements. taking place during surgery (study II).

Tourniquet application is widely used in extremity surgery taVlodel-based radiostereometric analysis (RSA) was used
create a bloodless #eld and thereby improve surgical visibite evaluate the possible migration of the tibial component
ty. le decision to use a tourniquet should be based on severtstudy III).

al factors, including considerations of the technical demands

of the procedure, the location and duration of the procedurélypotheses

and the estimated blood loss. One of the main reasons for tBeudy"|

continuing use of a tourniquet in TKA is that, theoretically,Absence of a tourniquet during TKA improves functional
better cementation and adherence between the bone-cementtcomes and rehabilitation by reducing postoperative pain
interface are obtained, and this enables a superior implaahd improving early knee range of motion (ROM).

#xatior?. A reduced intraoperative blood loss is also among

the supposed bene#ts. With reduced bleeding, the surgicaiudy"Il"

overview is enhanced, enabling a more convenient operatidiourniquet use induces ischemia during TKA surgery and
procedure for the surgeon. !ese factors may reduce surgicaleperfusion.

time*,

Disadvantages include a number of risks, including nerv8tudy"lll

palsy, so$ tissue damage to the muscle, postoperative st&bsence of a tourniquet does not negatively a*ect the quality
ness and swelling due to the compartment syndrome. Carddf cement - tibial component #xation.

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 registeréd

le 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 RSA

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

le 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-
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Background

Tourniquet use and application + an overview

Historical"perspective”
le roots of modern pneumatic tourniquet use can be tracedto limb circumference is illustrated in #guré'1.

back to the early Roman days (199 BCE £500 CE). In 17E&ure 1 shows that a narrow cu* requires a higher pressure
the French surgeon Jean Louis Petit invented a screw deviceocclude blood &ow. A higher pressure gradient is associ-
that could occlude blood &ow and called it a tourniquet, deated with an increased risk of neurological injtfry

rived from the French 2@ourner? meaning to turn. For the same limb circumference, a wider cu* requires a low-
Joseph Lister is credited as being the #rst to use a tourniqeetpressure to stop blood &ow. Additionally, if a contoured
to create a bloodless surgical #eld in 1864, and he also remirniquet is used instead of a cylindrical with the same
ommended exsanguination of the limb by elevation beforevidth, a lower in&ation pressure can be used to stop blood
application of the tourniquet. &ow (#g. ZF.

Friedrich von Esmarch developed a rubber bandage in 18¥&se factors may lead to an awareness of how important a
that would control both bleeding and exsanguination. lis correct cu* #t is, so an e'cient transmission of pressure to
device is known as Esmarch?s bandage for surgical hentbe- underlying tissue is possible. In fact, this has led to the
tasis or Eshmarch?s Tourniquet. At that time, this device wdsvelopment and increasing use of wide, variable-contour
superior to Petit?s device as there were no screws to looseows that adapt to a wide range of limb shapes. !ese cu*s
cloth to tear. stop blood &ow at even lower pressures compared to cylin-
In 1904, Harvey Cushing developed the #rst pneumatic toudrical cu*s.
niquet. lis type of tourniquet compressed the underlying

blood vessels using a compressed gas source to in&ate a cy-
lindrical bladder. lis 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 parélysis
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:"

le choice of a tourniquet cu* should be individualized, tak-
ing into consideration the size and shape of the patient?s lifiurniquet dating ¢.1830
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. le
following median percentages in reduction of blood volumes
have been present&dwhen 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>. lis indicates
that a short elevation is su'cient before cu* in&ation.

le pressure beneath the cu* varies widely compared to the
pressure in the cu* itself. Tissue pressure decreases progres-
sively from the cu*As center to the edges, with a 90> decrease.
Pressures are also di*erent from surface to deeper tissue Idjedern pneumatic tourniquet
ers, but only with a 2> di*erence. !e inverse relationship

between limb occlusion pressure and the ratio of cu* width




Background

Occlusion"Pressure:

Limb occlusion pressure (LOP) is de#ned as the minimurguring surgery.

pressure required to stop the arterial blood &ow in a limEarlier recommendations of adding 50-75 mmHg and 100-
distal to the cu*. To ensure a minimum risk of nerve damagé,50 mmHg to systolic blood pressure for upper and lower
the tourniquet pressure should be set on the basis of the lolimb surgery, respectively, may not be an ideal way to deter-
est occlusion pressure. LOP is determined by slowly incredgine cu* pressure. O$en the pressure is too high and may
ing tourniquet pressure until distal blood &ow is stopped, foause so$ tissue and nerve damage. In a 2009 guideline, Rec-
instance con#rmed by Doppler signal elimination. ommended Practices for the Use of Pneumatic Tourniquet
le tourniquet pressure should be determined by patient?dy the US Association of Registered Perioperative Néirses
blood pressure and the size and shape of the extremity. Cofliwas suggested that tourniquet pressure be set by limb oc-
cal curved cu*s that #t the extremity are ideal, since they rélusion pressure and a margin of 40 mmHg for patients with
quire less occlusion pressure than straight rectangulatnesa systolic blood pressure Q130 mmHg, 60mmHg for those
Several variables accounts for LOP such as systolic blo@dl31-190mmHg and 80 mmHg for those of X 190mmHg.
pressure, cu* design, application method, thigh shape and

circumference. Final cu* pressure is typically set aser LOP

is determined by adding an additional safety pressure to ac-

count for physiologic variations and changes that may occur

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.
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Background

Duration"of"tourniquet"application

Complications due to tourniquet use increase as tourniquetare, these outcome measurements are o$en used as a bench-
time increases. A 2-hour tourniquet period is considerednark of how successful initial total knee replacement has
relatively safe for upper limb surgefy’’ Serum creatine been.

phosphokinase (CPK) is elevated in response to muscle da@ther studies have shown increased pain and impaired knee
age and has been used as a marker of safe application timeesye of motion up to 1 year a$er surgery in which a tour-
8, In canine studies there is no CPK elevation a$er 1 houriquet was usetf. Several randomized controlled trails and
but there was an elevation a$er 2-3 hours applicdfiéh  meta-analyses dealing with adverse e*ects of tourniquet use
lese #ndings are consistent with what Zstman et al. (2004)in TKA have been published, but disagreement regarding
found using microdialysis in a clinical setting to characterizéurniquet use still remairfs®

metabolites in skeletal muscle subjected to ischemia during kinetics of ischemic metabolites during periods of
arthroscopic ligament reconstruction. !e ischemic changesischemia and reperfusion remains uncertain. !e e*ect of
were restored a$er 2 hours of tourniquet de&ation. tourniquet pressure combined with ischemia has been inves-
One method to 2prepare® the skeletal muscle is precondiigated, and this combination in&icts a more profound dam-
tioning, whereby the muscle is subjected to a short time afge to the skeletal muscle than ischemia &fone

ischemia followed by reperfusion before the longer periode skeletal muscle in limbs is very sensitive to ischemic
of ischemia. In this way a replenishment of energy is allowechanges, and a clinical assessment is not su'cietit

and at the same time the elimination of toxic metabolites is

facilitated. e method has successfully been used in cardiatmplant"$xation

surgery to protect the myocardiuih Total knee arthroplasty (TKA) has become a well-established
operative treatment of degenerative knee conditions. le
Tourniquet"de#ation results of TKA have improved in the last decades. Reported

AS$er the tourniquet is de&ated and removed, monitoring ourvival rates of TKA have reached 95> at 10 years. lese
the patient is necessary because several complications casults have been achieved by improved surgical techniques
occur. Pulmonary embolism, due to deep vein thrombosiss well as the development of implant desi¢#g. 3).

can occur suddenly a$er release of tourniquet pressure, bOementing technique is one of the factors that play an im-
the tourniquet may not be the sole cause. In hip and kngmrtant role in this aspect. !e technique of cementation in
surgery, intramedullary bone preparation and cementatiom KA has evolved over the last decade, including pulse lavage
are other risk factors that may lead to embolism. followed by suction of the bony cut surfaces and pressuriza-
Another phenomena occurring a$er cu* de&ation is @my-tion.

onephropathic metabolic syndrome® where the return oEarly and long-term aseptic loosening remains a major cause
toxic metabolites creates a systemic metabolic dysfunctioof failure in TKA and composes 30> of the reasons for re-
lis is characterized by metabolic acidosis, hyperkalemia,vision? (#g. 4). Attention has been focused on debris wear,
myoglobinemia, myoglobinuria, and renal faildfeHyper-  alignment, tibial bone quality and activity level. !erefore,
kalemia because of elevated interstitial potassium due to laggsod #xation of the tibial component is a prerequisite to
of ion gradients across the cell membrane of ischemic myachieving long-term survival of the implaft

cytes creates potassium leakage. Concurrently rhabdomyolg- diminished bleeding should in combination with the

sis may release myoglobin and intracellular enzymes (CPg&areful pulse lavage provide a deeper cement penetration
lactic acid and glutamic-oxaloacetic transaminase). and better bone-cement bond. lis seems to be one of the
Cu* release prior to wound closure in TKA is associated witpredominant reasons for the continuing use of a tourniquet.
greater bleeding and transfusion requirements, and it is sugdthough many studies have been performed to settle the
gested that cu* release be done a$er wound closure, a*orduestion of whether or not to use a tourniquet, they prima-

ing a more controllable bleedifg rily focused on clinical outcomes such as operation time, in-
traoperative bleeding, pain and knee &exitr® Systematic
Tourniquet-related"complications reviews and meta-analysis dealing with the problems of tour-

Complications include thigh pain, nerve palsy, ischemia, sofiquet use in TKA have not reached a de#nitive consensus,
tissue damage, thromboembolic complications, poor woun8iut encourage that implant #xation should be investigated

healing and patella maltrackihg® 2" 22Although rare, rhab- further® ©-28

domyolysis and subcutaneous fat necrosis have been repoftvo studies registered whether loosening, estimated by plain
ed?® 3% Severe conditions such as altered cardio respiratorgdiographs, had taken place when a tourniquet was not
status may also be associated with tourniquet tfse usedl! 38

In TKA surgery, recovery may be delayed due to reduced

muscle strength, reduced knee range of motion (ROM) and

increased paif. When patients are discharged from acute
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Background

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 accur&c¥.

An early migration of the implant is associated with a later
loosening® 4

To our knowledge, thorough implant #xation evaluated by
RSA has only been carried out in two recent RCT studies,
both using marker-based R3A ley supported each oth-

er?s #ndings and show that absence of tourniquet did not af-
fect the quality of #xation in cemented TKA.

100
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Fig."3lmplant survival aser TKA surgery.
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Background

Current"status"of"tourniquet"use"in"knee"surgery found, and it was concluded that only applying a tourniquet
A total of 8194 TKAs were performed in 2012 in Denmarlduring the cementation phase was a safe method. !le RCT
and tourniquet was used in 90> of the cases when perfornperformed by Kvederas et al. (2013) also suggested limited use
ing cemented TKA surgefy of a tourniquet during cementatiéh

In a meta-analysis and systematic review concerning touilthough several random control trails and meta-analyses
niquet application in TKA several outcomes such as totalealing with adverse e*ects of tourniquet use in TKA have
blood loss, intraoperative blood loss, need for transfusiomeen published, disagreement regarding tourniquet use still
operation time, range of motion and complications were infemains® ¢ 28

vestigated It showed that use of a tourniquet reduced intradn conclusion, performing TKA without a tourniquet may be
operative blood loss but did not in&uence total blood loss @afe and potential complications can be avoided. At the same
need for transfusions. Furthermore there was no di*erencéme, early mobilization is obtained and eliminating tour-
in surgical time and but increased complications in terms afiquet use might be a part of fast track surgery to facilitate
nerve palsy, DVT and wound healing disorders when a tourecovery*

niquet was used. !ese #ndings were further supported by a

meta-analysis by Tai 20%1

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®. le 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

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 tifhe

lis 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

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 @nly
Furthermore, no di*erence in surgical time or blood loss was
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Patients"and"Methodological'Considerations

le questions concerning tourniquet use in this thesis aroseFunctional“and"clinical"outcomes

from clinical practice. Primary outcomes

We intended the results to be transferable to clinical practicgp evaluate clinical outcomes, !e Knee injury and Osteoar-
and therefore all measurements were conducted in vivo intAritis Outcome Score (KOOS) was usédis a validated
standardized way close to the everyday surgical procedureignee-speci#c self-administered questionnaire with 42-item

A total of 70 primary TKA were included in the prospec-assessing pain (9 items), symptoms (7 items), activities of
tive randomized clinical trial and performed between Janudaily living (ADL, 17 items), sports and recreation function
ary 2011 and January 2012. Approval from the local Ethigs items) and knee-related quality of life (JOL, 4 items) in
Committee (approval no. N-20090045) and registration afve separate subscales. Each item is responded to by marking
ClinicalTrials.gov (NCT01309035) were obtained. All paone of #ve response options on a Likert scale. A score from O

tients gave written consent and were enrolled in this studgxtreme problems) to 100 (no problems at all) is calculated
in accordance with the Consolidated Standards of Reportingeparately for each subscale.

Trials (CONSORT) and !e Helsinki Declaration. KOOS was developed for younger and more active people
_ with knee injury and osteoarthritis, but has been found to
Patients be a useful, valid and reliable instrument in assessment of

Patients aged 50+85 were included if elective unilateral TKéutcomes in elderly patients with advanced osteoarthitis
because of gonarthrosis stage 3+5 according to Ahlb[gknee range of motion (ROM) is an important measurement
(1968) was requiretl. All patients were without other severe of TKA surgery that determines how successful the operation
disease and classi#ed according to the American Societywafs. Knee ROM was measured by extension and &exion with
Anesthesiologists ASA 1-2. a goniometer 2 weeks preoperatively as a baseline, postop-
Exclusion criteria included rheumatoid arthritis, peripheraleratively on day 2 and during follow-up (8 weeks, 6 months
vascular disease, diabetes, prior major knee surgery, BMlahd 12 months).

35 and use of anticoagulation medicine.

Patients were comparable regarding demographics. !eySecondary outcomes:

were allocated into two groups: surgery using a tourniquétain was assessed using a VAS score with no distinction be-
and surgery without the use of a tourniquet. tween thigh pain and knee pain. “ero was no pain and 10
Patients were block randomized using sealed envelopes.wWas worst imaginable pain. Pain was registered at rest, just
the operating theater before surgery, the envelope was opengfbr to surgery and postoperatively at 2,4,6,8 and 10 hours
when the surgeon was present. Patients were unaware of rethe day of surgery (day 0). le following days, pain was

group to which they were allocated. evaluated during rest and a$er walking 20 meters. Analgesic
o consumption was expressed as a mean morphine equivalent
Limitations during hospitalization, and the consumption was standard-

Patients assessed in this study were selected if inclusion critg:d using 10 mg of morphine as reference analgesic dose.
ria were met, thereby excluding patients with severe diseas®igrgical data were recorded regarding blood loss, measured
(ASA 3-4) and peripheral vascular diseases. lus patients inby totaling &uid volume in suction bottles and the weight of
cluded were, except for their degenerative knee conditionsperation swabs. !e hospital?s transfusion policy was fol-
healthy subjects. Non-use of a tourniquet in patients withowed regarding transfusion needs, and patients were trans-
impaired cardio-respiratory circulation or using anticoagu-fused postoperatively if the hemoglobin level was 4.5 mmol<I
lation medicine could result in di'culties in the handling of or lower. Surgical time and surgical visibility were registered
bleeding during surgery. All patients included were eligibl@y the surgeon using the scale in Table 2.

to receive tranexamic acid, which o$en may be contraindi-

cated in some patient group. Excessive bleeding may hinder No problems 1

the bone-cement bond and thereby result in a compromisget Siah o >

implant #xation and furthermore compromise surgical vis- ight problems

ibility. Moderate problems 3
One experienced surgeon performed all the TKA procedures, Severe problems 4
decreasing the inter-surgeon variability but at the same tinfe

L S Extreme problems 5
limiting the external validity.

Table 2.Surgical visibility.
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e"Microdialysis"technique

Microdialysis is an in vivo sampling technique origin
used in neurosurgical researth* MiD o*ers a unigu
technique that allows monitoring metabolic changes dt
ischemia and reperfusion in tissue. No studies regardir

Capillary Microdialysis catheter

creased
Glucose & Oxygen

tourniquet-induced ischemic changes during TKA have Pt Lactate/
viously been published. We applied this method to in markers /| e rPa{irg"ate
gate the degree of tourniquet-induced ischemia, with sj .

attention to the skeletal muscle. %5 =Y S Giycerol

e"principle"of'microdialysis
le basic idea is to mimic the passive function of a capil
blood vessel. A semipermeable tubular dialysis membr - o . _ _
inserted into the tissue of interest. le catheter is perfu Ellg. S'e basic principle is to mimic the function of a capillary

; . - . A ood vessel by perfusing a thin dialysis tube implanted into the
with a solvent which equilibrates with the surrounding &uidijssye with a physiological liquid. 'e perfusate re&ects the com-
outside the membrane by di*usion in both directions (Fig 5)position of the extracellular &uid with time due to the di*usion of
Because of ion gradients, low molecular weight compoundsibstances back and forth over the membrane.
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*usi el g
coe'cient of an analyte determines the migration of the s
lution. !e solution leaving the probe, termed the dialysat:
is collected for analysis. Samples obtained represent a
pro#le of the current metabolic status in the examined tiss
le ratio between the concentration in the extracellular &ui
and in the dialysate is de#ned as relative recovery and i
versely proportional to the recovery rate.

)

In vivo recovery depends on several factors like membt

length, &ow rate, blood &ow, speed of di*usion and ph R S T N e
. ; . o 4 2 3 4 5 6 7 8 9 10

ologlcgl processes. Recovery remams_constant as long i -4

perfusion rate remains constant. In this study we were nut

interested in the exact recovery, but the changes over tirhé0."6Relative recovery is inversely related to perfusion &ow rate, ap-
between two groups. e relative recovery was found su*- proaching 100> as the &ow rate approaches zero. It decreases as the

ow rate increases. Absolute recovery is the total amount of substance

cient, since at low perfusion rates recovery is close to 10 Bllected from the probe during a given time. It is zero when the &ow is

(#g. 6)°. stopped and increases as the &ow increases.

Microdialysis"system"and"application

le 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. lis 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 constaity " 7lird generation Microdialysis Analyzer, ISCUS analyzer
&ow rate of 0.3_I<min with automatic calibration.

=
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le CMA ISCUS is a clinical chemistry analyzer that usesrium with the concentration of the periprobe &uid. !us, the
enzymatic reagents and calorimetric measurements (Fig. €pncentration of the analyte in the dialysate represents only
le reagents oxidize the substrates, and a formation of colo-a fraction of its actual concentration in the extracellular &uid
metric substance is created, which is measured photometrithich is examined” 78 lis limitation, however, does not
cally as a change of absorbance at 540 nm wavelength  constitute a major problem during this study because the aim
When analyzing glucose, lactate, pyruvate and glycerol, tigeto detect alterations in ischemic markers over time and not
substrate-speci#c reagent set was used (Reagent Set A, Sadtimnate the precise level in the tissue.

Sweden). le microdialysis technique contains a limit regarding the
le temperature in the operation room was set at 19 degreesecovery of larger molecules since it depends of the molec-
Celsius at all times. ular cut-o* of the membrane, we did not investigate large

molecules and the membrane used had a cut-o* at 20 kDa
Microdialysis is an in vivo technique that has been used itmereby not creating any di'culties in this study.
several settings to evaluate the interstitial metabolism in dif¥hen inserting a MiD probe into the tissue, a small amount
ferent tissues. It represents an opportunity to observe lif tissue damage occurs that lasts up to few hours before nor-
ing tissue directly. !'e microdialysis catheter consists of amal baseline levels are restofe® Glycerol is a component
double-lumen linear tube that at the tip has a semipermeabt# the cell plasma membrane and is released into the intersti-
membrane, the tube mimics the functions of a capillaryial space when tissue is damaged, for instance, during sur-
blood vessel. le catheter is connected to a pump that, withgery. But in addition, high levels of glycerol also may be due
a constant &ow, pumps the &uid so it can pass the membrat@e the hormonal regulation of lipolysis and hypoglycemia
In the interstitial space, di*usion along the concentrationduring tourniquet use, and this facilitates a catecholamine re-
gradient and equilibrium takes place, between the &uid argponse that induces a lipolytic reaction in skeletal méiscle
molecules. !'e molecules are collected in small vials that reMicrodialysis also contains a limitation when estimating
&ect the composition of the extracellular &uid and can thetiata because only approximations can be stated. Recovery is
be analyzed immediately. 'e metabolites of interests havadependent on many factors that a*ect the equilibrium, but
traditionally been pyruvate, glucose, lactate and glycerdb achieve the best recovery, we used the largest membrane
le lactate<pyruvate ratio was calculated. It increases duringecommend for skeletal muscle and the lowest perfusion rate
ischemia and is a precise markef possible. Most of the clinical studies published use relative

recovery* 218!
In this study we used CMA 60 (CMA Microdialysis AB, Sol{e MiD method must be highly sensitive in order to detect
na, Sweden) catheters (length 30mm, outer diameter 0.6mdiluted levels of the chosen markers, especially the method
and molecular cut o* 20 kDa) in skeletal muscle of the loweshould be capable of analyzing the markers in the small vol-
extremity. In both groups 2-3 ml lidocaine was injected subimes generated by the MiD technique. e problem o$en
cutaneously in the gastrocnemius muscles (vastus medial@gvelops when low perfusion rates are chosen in order to op-
then catheters were inserted parallel to the muscle #bers attamize recovery of very small volume samples. On the other
angle of 35°. le correct position of the catheter was veri#edhand, high perfusion rates will produce more diluted samples
by ultrasonography. In the non-operated leg (reference leghat require even more sensitive analytical methods. Using a
a catheter serving as a control was inserted at the same legehstant &ow rate of 0.3 _L<min a recovery of nearly 100>
Catheters were connected to a syringe #lled with 4 mL pewas reached.
fusion &uid T1 (CMA Microdialysis AB, Sweden) placed in
CMA 106 MD pumps, constantly perfused at a rate 0.3 _I<
min. A$erwards a period of 40 min of &ushing and stabiliza-
tion was allowed.
le ISCUS MD analyzer (CMA Microdialysis AB, Solna,
Sweden) with Reagent Set A was used to analyze all the gef
lected MiD samples and this was done immediately a$¢rAdvantages” Disadvantages

sampling. Collection of substance Low recovery
on the site of action

Microdialysis"considerations"and"limitations"

. . . . . Continuous sampling Careful calibration
Microdialysates are very dilute solutions and are typically

. : . necessary as recovell
collected in small volumes. lis presents a considerable chal- is relativey 4
lenge as recovery is only relative, thus the necessity for cpr
rect calibration. Minimal invasive Risk of tissue damagde
le perfusion &uid is continuously &owing through the probe Careful calibration

and the concentration of the dialysate will not be in equilib
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RSA

Basic principles
RSA is a highly accurate method to measure micromotiorBiomedical, Sweden) was placed in the midsection of the
of joint implants. It was introduced by Selvik and has beeroentgen focus (picture 4).

used in many di*erent clinical settings since the introductiorAll radiographs were fully digitalized. Precision was evalu-
of arthroplastie4®, ated at 1-year follow-up by double examinations, including
Small biocompatible spherical tantalum beads serving &stal repositioning of the patient and the radiographic equip-
markers are inserted into the bone region of interest. lesement. All radiostereographs were analyzed using model-
markers are projected in radiographs which, in combinatiobased RSA so$ware (MBRSA v3.3.2, Medis Specials, Leiden,
with a calibration cage, de#ne a coordinate system that erthe Netherlands) (picture 2).

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.

ley were carefully scattered in all directions so that a suit- =
able rigid body could be formed (picture 1).

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

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 Picture 2.Model Based RSA: a model of the implant is matched on
6 month follow-up examination the radiostereometric picture of the patient?s implant. le migration
12 month follow-up examination and here double of the implant is determined in relation to tantalum bone markers

examinations were performed with total repositioning which are placed in the bone during the operation.

of the patient and the radiographic equipment
24 month follow-up examination

le RSA setup was as recommended in Valstar et al. (2005)
4 with two ceiling-#xed automatically synchronized roent-
gen tubes, which were angled Bflative to each other (Pic-
ture 3). A biplanar calibration box (Lund Knee box, RSA
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RSA"body"con$guration"and"stability" cise variables of the rigid body?s center of gravity. le MTPM
For accurate assessment of micromotion, it is crucial thaeported in our study is close to the limit for acceptable mi-
con#guration of the rigid body is precise and stable. lis gration. lis limit varies for implant types, because some
means that the tantalum markers should be well scattered irave more migration than othets

a non-linear fashion in all three dimension and a$erwards

stay #xated in the same position.

le mean error of rigid body #tting (MERBF) indicates the
stability of markers. le mean condition number (CN) indi-
cates the distribution of bone markers and thereby the qualit
of the rigid body formed by the markers. A low CN indicatet Qf
a high good distribution and good quality, and it is suggests
by guidelines by Valstar et al. (2005) that a CN lower tha
90+100 is appropriate and that MERBF be lower thart0.25

RSA"parameters
le 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 longes
translational motion, not considering direction, and always
has a positive value. In addition, translations and rotatio
were calculated accordingly to the standards suggested by
Valstar et al. (2008) as secondary RSA outcome variables. Cture 3.te Adora RA setup: Adora RSA has two {-ray tubes
along with two detectors plus a smaller size detector.

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 anatomic
directions.
Translations along the axes were given as x-translation (
dial-lateral movement), y-translations (superior<li$-o* and
inferior<subsidence movement) and z-translations (anterig
and posterior movements). Rotations around the axes we
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. (199%)categorized implants movements to be sta|
ble if MTPM was Q 0.2 mm between 1 and 2 years or as bg
at risk of loosening if MTPM was X 0.2 mm. An accurac
of 0.2 mm for translation and 0.5 degrees for rotations we
given by double-examinations. Other studies have reportg

accuracies that range from 0.05 to 0.5 mm for translation and
0.15 to 1.18 for rotations®5t Picture 4.Positioning the knee in the center of the two

roentgen foci.

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. le
method has been proven to be a highly accurate method to
evaluate #xation of tibial componeft§: 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-
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Surgical"technique Statistical"analysis

All procedures were standardized with regards to adminisstudy |

tration of preoperative tranexamic acid, spinal anesthesi&ample size for this study was based in part on the KOOS
postoperative pain treatment and rehabilitation. score® and in part on earlier studies with knee ROM and
Before surgery, tranexamic acid (1 g) was administered oradrgery with and without a tourniqué®® A change of mini-

ly, and immediately prior to skin incision, cefuroxime (1.5 gimum 10 points was considered clinically signi#cant. Data as
was administered intravenously. In addition, tranexamic acitkOOS, VAS pain and other continuous variables that was
(0.5 g) was given 3 hours a$er surgery, and cefuroxime (7606rmally distributed were analyzed with Student?s t-test (un-
mg) was given 6 and 12 hours postoperatively. Irombosispaired). Mann Whitney U-test was used for continuous vari-
prophylaxis was achieved with use of rivaroxaban (10 magples not normally distributed. !e chi-squared test was used
throughout hospitalization. to analyze categorical variables.

Both groups had an appropriately sized thigh tourniquet

applied, but it was only in&ated in the Tq group. In non-TcStudy |l

group, it was placed on the thigh but not in&ated, therebpata for each metabolite over time in each group were ana-
serving as safety device in case of uncontrollable bleeditgged by using analysis of variance (ANOVA), StudentAs t-
In the Tq group, limb exsanguination was done by elevatiotest for comparison of the Tq-group with the non-Tg group,
for 2 min, and the cu* was in&ated to 250 mmHg just prioand Wilcoxon rank sum test if assumptions for the t-test
to skin incision. were not ful#lled. e metabolic changes during surgery and

All knee implants were the NexGen| CR-Flex Fixed Bearingperfusion are expressed in percentages of baseline values.
Knee (“immer, Warsaw, Indiana, USA) with use of Biomet

Refobacin| Bone Cement R (Biomet, Warsaw, Indiana, USA$tudy I

In all cases, the patella was resurfaced. Surgical procedusesnple size was based on earlier stiddfes)sing a SD 0.2
were all performed by one single surgeon. A midline skimm with } =5 and ~ = 80>, the sample size of each group
incision and medial parapatellar arthrotomy were appliedwas 18. Because of the possible risk of patient drop-out, the
An intramedullary guide system was used for the femur andumber was increased to 35 per group.

external guides for the tibia. !e distal femur guide hole wasin a systematic review, it was suggested that a MTPM mi-
plugged with autogenous bone gra$s. Cement was appligdation threshold of less than 0.54 mm was accepgtable

on the tibia plateau surface, beneath the tibial tray and alomfpose migration \0.5mm in magnitude at 2-year follow-up
the stem. Anchorage holes were drilled into the tibia plateao be clinically relevant® based on previous clinical stdtlies

if necessary, to increase the contact area between bone &h#t lis means the 2SD would have to be within +<- 0.5mm.
cement. !e proximal tibia bone was prepared for RSA with Data were analyzed with ANOVA and the Mann-Whitney
the insertion of 14+16 tantalum beads of 1.0-mm. U-test to compare mean di*erence in migration where ap-

le corner stones of modern cementing technique are sur-propriate.

face preparation including comprehensive high pressurke level of signi#cance was set at 95> con#dence limit, and
pulse lavage that allows a deeper cement penetration, thergbp-value less than 0.05 was considered signi#cant. Data are
enhancing the mechanical bone- cement bond by removingresented as means and standard deviations. Statistical anal-
blood, fat, bone and cement debfis’ Careful cleaning of ysis was performed by using STATA 11.0

the remaining debris is crucial as it may prevent @third body

wear® responsible for polyethylene wear and implant loosen-

ing >°(picture 5).
A common practice is to cement the components in on
phase, instead we performed a two-stage cementation pr
cedure. le tibia and patella were implanted #rst, and then
another package of cement was used to #xate the fema
component. lis prolonged the operation time, but was done
to secure enough time to obtain a careful cementation wit
proper pressurization. A$er cementation, further pulse lav
age debridement was performed to eliminate cement debr
from the wound®®. Immediately a$er wound closure, dress-
ings were applied, and the cu* was de&ated in the Tq grol
and removed.

Picture 5.Surgical overview a$er high pressure pulse lavage
(tourniquet absent)
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Study"l

Hypotheses Primary outcomes

Absence of a tourniquet during TKA improves functionalFigure 8 shows that both groups had improvement within

outcomes and rehabilitation by reducing postoperative paiall KOOS subscales, from baseline until 8 weeks. Di*erences

and improving early knee ROM. between groups were also registered, and there was more im-
provement in the non-Tq group (p Q 0.001)

Fig."8
KOOS Absolute Scores Abgsolute mean KOOS subscales are
100 presented at baseline and through
. follow-up as an outcome pro#le for
e ~ the tourniquet group vs. the non-
80 tourniquet group. KOOS subscales:
70 pain, symptoms, activity in daily
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Knee range of motion: At discharge, 90> of all patients ing was still detectable at 8 weeks, at which time the non-Tq
had obtained full extension, and at 6-month follow-up, allgroup had signi#cantly better knee ROM (99.8 «7.2 degrees
patients had full extension. Flexion was measured preops. 93.4 « 8.2 degrees; p = 0.002). At 6 months, there was no
eratively and during a 12-month follow-up period (Fig. 9).di*erence between the non-Tqg group and the Tq group: (108
lere was no signi#cant di*erence in preoperative ROM be- « 8.5 degrees vs. 107.1 « 10.6 degrees; p = 0.726).

tween the two groups (non-Tq 107.9 ¢ 9.6 degrees) vs. Ttis was also registered at 1- year evaluation, where no dif-
group 107.4 « 10.5 degrees; p = 0.836). Postoperatively théeeence was found between the two groups (113.4 « 8 degrees
was signi#cantly better knee ROM in the non-Tq group (47.8s.113 « 8 degrees; p=0.845).

¢ 9.5 degrees vs. 35.6 « 7.9 degrees; p Q 0.001). lis #nd-

s aT

Pre OP Post OP Week 8 Month 6 Month 12
[ Tq"group [ Non-Tg'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.

Secondary outcomes: | VASEcon
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
«1.6; p Q 0.015) (Fig. 10). w
No di*erence was registered on postoperative day 0 ar
again at 8-week follow-up. Patients in the tourniquet grouj
had a greater analgesic consumption and greater discomfc
from the thigh until 2 to 3 weeks a$er discharge. Inthe T - |

group, signi#cantly higher equianalgesic morphine use was Tq group Non-Tq group
registered during hospitalization: 38 ¢ 9.8 mg vs. 31 6.1 mg.

-

Fig."10.Mean of all consecutive pain measurements
during #rst 3 days.
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Intraoperative bleedingwas signi#cant greater when a tour- Adverse eventsDeep vein thrombosis (DVT) was suspected

niquet was not used (Table 4). None of the patients requireahd con#rmed by ultrasonography in both groups: 1 in non-

transfusion during hospitalization. Tq group and 2 in Tq group.

Surgical" time: lere was no signi#tcant di*erence be- At week 8, two patients from the Tq group had &exior?! Q90
tween the two groups regarding surgical time in thehat required forced manipulation in general anesthesia.

Tg group (69.5 ¢ 5.3) compared to the non-Tq groupDuring hospitalization and the postoperative period there

(71.3 « 4.5 minutes; p = 0.16). was not no excessive 0ozing of blood or wound complica-
No signi#cant di*erences were found in surgical visibility (ptions. lis was con#rmed during outpatient control.

= 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.

-)0 -)o
! =) ) 1+ ) +% ( +9% +&| - $l-96* $
! %($ ' '& + &, " %)& ' &+- ,( &-)& 1R $%B%
% & $ ( % $ % ' % ) $ I+ % &

Table 4.Intraoperative measurements
STUDY"II"
Hypothesis
Tourniquet use induces ischemia during TKA surgery andBefore surgery, MiD catheters were inserted, and the average
reperfusion. of the #rst consecutive samples before performing surgery

were used to establish a baseline and de#ned as 100> for me
le duration of ischemia was 74.4 « 3.7 minutes in the tour- tabolites. Baseline was measured a$er an initial 40-minute
niquet group. Using microdialysis, changes measured duringushing period followed by a stabilization period of 20 min-
surgery and reperfusion are expressed in percentages of bages (table 5).
line values (Figure) and in absolute values (Table) 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 5.Average interstitial baseline concentration at a constant &ow rate of 0.3 _I<min.
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Comparison"between"Tq"group“and“non-Tqg"group. od of ischemia, but a$er 90 minutes of reperfusion the initial

Comparing the Tq group with non-Tg group, di*erenceslevel was restored.

were registered in all of the metabolites from beginning dbigni#cant di*erences in all metabolites were noted until 140

the reperfusion time until 140+180 min later. A$er thatmin. between the operated leg and non-operated leg (Fig 13).
there were no di*erence, and the metabolites were restorédl values returned to baseline values within 300 minutes in

back to initial levels. both legs, a$er which no di*erence was registered.
lis is expressed in Figure 11 where the mean di*erences be-
tween the two groups are shown. Non-tourniguet"group”(non*ischemic"control"group):
le metabolites were less a*ected and returned faster back to
Tourniquet"group initial levels (Fig 14).

AS$er a period of tourniquet-induced ischemia, the concentle #rst sample a$er surgery showed a glucose concentra-
tration of glucose decreased by 54> (2.3 « 0.7 mmol<L; pt{@n that only decreased 11.5> (4.6 « 0.7 mmol<L; p Q 0.001)
0.001), this reduction was detectable during reperfusion, ardliring surgery, and during 90 minutes of reperfusion, nor-
glucose levels were normalized to baseline 300 min postapal levels were reached (p = 0.220).
eratively. Pyruvate concentration was reduced to 13.5> (53.8 < 9.5
Pyruvate concentration was initially reduced to 60> (25.9 mol<L) of the initial value, and during a short reperfusion
¢ 5.6 _mol<L; p Q 0.001), while it was dramatically elevatperiod of 30 minutes, it was back to baseline.
during the #rst period of 3060 min of reperfusion to 123>Concentration of lactate increased during early reperfusion,
(145.6 « 10.9 _mol<L; p Q 0.001). At 180 min, pyruvate coand at 30 minutes it reached a maximum of 30> (2.6 « 0.5
centration was back at baseline, and no di*erence was damol<L). ASer 60 minutes, it was unaltered, and no statisti-
tected (p = 0.118). cally signi#cant di*erence was registered.

Glycerol concentration was increased to maximum of 48>
Concentration of lactate increased signi#cantly during114.5 « 15.4. _mol<L) 60 minutes postoperatively. During a
reperfusion of 30£60 min up to 116> (3.9 « 0.8 mmol<L; gong postoperative period, it slowly returned to normal
Q 0.001). A$er 120 min of reperfusion, it slowly returned t@Fig 14).
baseline (p = 0.129). A$er 300 min, no signi#cant di*erence.<P ratio also changed signi#cantly, reaching a maximum at
was registered (p = 0.952) when comparing to baseline 30 minutes reperfusion, 45> (42.2 « 13.3; p Q 0.001), but af-
(Fig. 12). ter this, it was quickly restored. !e di*erences between op-
Concentration of glycerol also increased dramatically at therated and non-operated leg did not indicate an e*ect due to
beginning of reperfusion to 190> (244.7 « 12.5 mol<L; p @chemia, but rather to cell damage as a response to surgery,
0.001) and stayed signi#cantly increased during 140 min wfich was expressed as an increase in glycerol (Fig.15)
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-

Estimated mean difference

= |
u
-
L]
+
=
2 -
L
o
- t
LY .
' T T T T T
0 60 120 180 240 300
Minutes
Pyruvate —— Glucose — Lactal

Glycerol o

Fig."11 Tourniquet use induced signi#cant ischemia, and di*erences in the levels of all thelitestalere 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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Tqg"group
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Study"l"

Hypothesis

Absence of a tourniquet does not negatively a*ect the quality both groups, all of the patients analyzed with RSA showed

of cement-tibial #xation. stable #xation throughout the follow-ups, and no signi#cant
migration was detected.

During 2 years? follow-up, no statistically signi#cant di*er-

ence was detected in the mean values of MTPM betweddverse eventiVe registered one case of early tibial com-

the two groups (p = 0.63) (Fig.16). No statistically signi#ponent loosening in the Tq group. e patient was initially

cant di*erence was detected in mean values of translatiomsthout symptoms and well mobilized, but on plain radio-

or rotations along the sagittal, transverse and longitudinajraphs the loosening was detected at week 8. Implant loos-

axes at any time during follow-up and a$er 2 years, pX0.0&ning had occurred due to impaired subchondral tibia bone

le mean were all below 0.5 mm and 0.5 degrees for bothguality caused by a cyst not recognized before or during sur-

groups (table 6). gery. lis patient was not included in the RSA study.

MTPM
o
o~
Fig." 16.MTPM Maximum total
v point motion during a 2-year fol-
‘é“‘_ low-up. No di*erence was found
E between the two groups.
Q. ; i
o |
o
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I Non Tourniquet B Toumiquet
: : : |
»ye o) e o ) e o ) )HC e
1 1 1 1
1 1 1 T
1 | 1 1
&% " - T 1 #* W " [ #*
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Table 6.RSA results expressed as mean translation and rotation of the tibiaramhPositive directions for translation along orthogo-
nal axis were { (medial-lateral), Y (caudal-cranial), * (posterior-anterior). Positive dinsdio rotation around the coordinate axes were
{ (anterior posterior tilt), Y (internal-external rotation), ~ (varus-valgus tilt).
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Discussion

le clinical outcomes, pain reduction and a good knee rangeTai et al. (2012) found decreased postoperative pain when a
of motion, are important endpoints that determine the suctourniquet was not used, but no di*erence in knee &exion.
cess of TKA surgery. Another success criterion is long-tertis did not a*ect the rehabilitation progress or recovety
durability, achieved by obtaining a good quality of cementa-
tion so that implant #xation is assured. We found no di*erences in surgical time or intraoperative
le aim of the thesis was to investigate the e*ect of tour-visibility and controlling bleeding was not a problem. Pre-
niquet use during TKA on clinical outcomes regarding reand postoperative tranexamic acid was given, and during
habilitation and knee range of motion. Intraoperative measiitial surgery, the knee was &exed so that further hemostasis
urements, i.e. surgical visibility, operation time and bloodvas achieved. Surgical time is an interesting parameter since
loss were also registered. Furthermore, the ischemic chandgiegepresents an objective measure of di'‘culties caused by
during and a$er surgery and implant #xation was evaluatedmnpaired visibility. Since there was no di*erence in surgical
since these subjects have only been investigated to a limitede, it appears that not using a tourniquet had no e*ect on
extent. !e overall aim was to optimize the TKA procedure surgical visibility.
so that no unnecessary procedures were used which mighiith et al. (2010) and “hang et al. (2010) found that intra-
delay rehabilitation. !e early period of rehabilitation is operative bleeding is reduced with tourniquet application but
crucial. Patients that are mobile and can commence rehabitihat tourniquet application had no bene#ts with regard to
tation quicker have increased chances of better clinical aquebstoperative bleeding, total blood loss or transfusion rates
functional results. 587 We found less intraoperative bleeding with tourniquet
use; this however did not have any clinical relevance. Peri-
Study | showed signi#cantly better clinical and functionabperative blood loss was assessed on the basis of maximum
outcome in terms of better KOOS scores and easier molliemoglobin reduction £+ a common evaluation in clinical
lization with better knee ROM in the initial rehabilitation practice. Hemoglobin was monitored in all patients during
stage when a tourniquet was not used. Pain during TKA fsospitalization and not a single patient required transfusion.
inevitable because of the surgical trauma to so$ tissues afetro et al. (2001)suggested that using a tourniquet was not
osseous structures. Patients undergoing surgery in whiche&ective in reducing overall blood loss volume; a conclusion
tourniquet was used o$en complained of thigh pain at thalso reached in meta-analyses by Smith et al. (2010) and Tai
site of the tourniquet. It is possible that local pressure oet al. (2011 %28
nerves and so$ tissue is the cause, and this has been revealed
in previous studie%: 5 In study I, we revealed that microdialysis was an e*ective
le increased pain was con#rmed by the KOOS registra-way to monitor interstitial levels of di*erent metabolites
tion. All patients in the non-Tqg group had signi#cantly betterassociated with ischemia in skeletal muscle. !e apparent
scores until the 6-month outpatient control, a$er which noischemia underneath the tourniquet has previously been
signi#cant di*erences were detectable. Not using a tourndescribed? 8 We estimated metabolic changes distally in
quet facilitated easier rehabilitation without patients experithe limb exposed to tourniquet-induced ischemia and dur-
encing additional pain from the thigh. ing reperfusion. e main #ndings showed that tourniquet
use in&icts signi#cant ischemia in the a*ected limb and these
We found that knee ROM recovery was achieved faster in tikbanges last until 3 hours a$er cu* de&ation.
non-Tq group than in the Tqg group, which was also noted ble di*erence between the two groups, as illustrated in
Wakankar et al. (1999) and Chang et al. (2812)We found  Fig.10, shows the di*erences tourniquet use induces in the
that early postoperative bene#ts were better knee ROM anaktabolic markers, which are a*ected until 180 minutes af-
better subjective knee performance observed at the outpatiget tourniquet release. If the systemic e*ect of surgery on the
follow-ups until 6 months a$er surgery. However, the cliniinarkers is ruled out, it can be concluded that di*erence was
cal di*erences between the groups did decrease with timgue to the local e*ect of the tourniquet.
lese #ndings are in accordance with Ledin et al. (202,2) In the non-tourniquet group, the markers changed right a$er
who found pain was increased during the #rst 4 postoperaurgery compared to baseline in the operated leg, but not to
tive days and knee ROM was still decreased at 2 years wilem same extent as in the tourniquet group, and they quickly
a tourniquet was used. Vandenbussche et al. (2002) andreverted back to normal values.
et al. (2009) also found early improvement in knee &exion
and reduction of initial postoperative paif ® Increased
pain and thigh swelling could be attributed to the tourniquet,
and these conditions could impair initial knee &exion and
thereby rehabilitation.

25



Discussion

Comparing the operated leg and reference leg, there was favorable when not applying a tourniquet, and study 11l re-
signi#cant di*erence, indicating that here a local responseealed no advantage in obtaining a better tibial implant #xa-
did not occur and that the changes were due to an overaibn with tourniquet application.
systemic response to surgery. If not using a tourniquet can facilitate an earlier achievement
of functional outcomes a$er TKA and less postoperative
Study Il assessed one of the main reasons for tourniquptin, consequently the future use of a tourniquet should be
application. lis concerns the question of whether better reconsidered in order to avoid complications associated with
implant #xation is achieved with the use of a tourniquet. lits use.
is known that tibial components migrate a$er surgery, mose results of this study is limited by the fact all patients were
markedly in the #rst 6 weeks; later, migration diminishes andperated by the same experienced surgeon and patients are
stabilizes approximately 1 year a$er surdefy °Obtaining  carefully included if eligible for this study. It should be taken
a good and secure initial #xation is of utmost importance. into consideration that TKA surgery without tourniquet may
Using RSA and MTPM as primary outcome we did not regrot be suitable for low-volume surgeons.
ister any di*erence in terms of implant migration during the
#rst 2 years a$er surgery. Furthermore, no di*erence in th€onclusion
translation and rotations between the two groups was dee studies included in the present thesis investigated the
tected. value of a tourniquet in cemented TKA surgery, with regard
To our knowledge this is the #rst study to investigate th& clinical outcomes, ischemic conditions and implant #xa-
e*ect of a tourniquet on implant migration and long-term tion. In all three studies, we found no bene#t of tourniquet
survival using model-based RSA. Only two other studies repplication. !e use of a tourniquet should be kept to a mini-
garding implant #xation and tourniquet have been conductmum and serve as a backup technique if excessive bleeding
ed; both used marker-based RSA and involved 50 patierdscurs. Implant #xation is of utmost importance and has
and 60 patients, respectivély} leir results support our  previously been investigated in two other RSA studies. To-
#ndings. MTPM and translations and rotations a$er 2 yeargether with present RSA study, the indication is that absence
showed no di*erence of a tourniquet in cemented TKA does not impair #xation.
In the randomized study by Vandenbussche et al. in (200ZReporting to national registers should be done to support the
plain radiograph analysis was performed at 3 months, look#ndings of the studies in this thesis.
ing for early signs of aseptic implant loosening, with special
attention to radiolucent lines, and no di*erence was seen iBuggestions"for“future"research
relation to tourniquet use or non-usé Abdel-Salam and Our results have shown that the clinical practice could be
Eyres (1995) also reported that no di*erence was detectattered so that a tourniquet is not used as a standard proce-
between the two groups based on an evaluation of plain rdure in cemented TKA. lere are many aspects that should
diographs during a 2-year follow-tp carefully be taken account of when using the tourniquet. 'e
MTPM between the two groups showed no di*erence in midirect mechanical compression can cause nerve palsy, and
gration or rigid body motion pattern, indicating that the ab-therefore investigating the extent of nerve damage could be
sence of a tourniquet did not impair the #xation of the tibiainteresting.
component and thereby did not increase the risk of longte cementation technique is an area that has not been in-

term loosening. vestigated in this study. Whether a conventional one-stage
versus a two-stage cementation procedure is optimal and
Results"in"a"clinical"context whether the use of anchorage holes should be performed

le results from all three studies seem to support the notioncould be studied. !erefore further randomized trials are
that not using a tourniquet does not impair the outcome ofuggested to clarify these aspects.
TKA surgery. In fact, in studies | and II, the outcomes were
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e"Value"of"Tourniquet"Application"in"Total"Knee"Arthroplasty:"
A"Randomized"Study"of"70"Patients.

Ashir Ejaz'?3 Anders C. Laursef?? Andreas Kappél Mogens B. Laursért3 lomas Jakobsen'® Sten Rasmusséf®4
Poul Torben Nielseh

1. Department of Orthopedic Surgery, Aalborg University Hospital, Aalborg, Denmarkhdp@dic Surgery Research Unit, Aalborg University Hospital, Aalborg, Denmark,
3. Department of Clinical Medicine, Aalborg University, Aalborg, Denmark, 4. Department of Clieid&ifd, Aarhus University, Aarhus, Denmark

Background" and" purpos&burniquet” application"is"still"  Wakankar et al. 1999, Konrad et al. 2005).

a" common" practice" in" total" knee" arthroplasty" surgery'e bene#ts of tourniquet use should be viewed in light of
despite"being"associated"with"several"adverse"e&ects." #e disadvantages and possible risks. It has been proposed
present"study"was"conducted"to"evaluate"the"e&ects"of totinat one of the advantages of a tourniquet is to reduce intra-
niquet"use"on"“functional"and"clinical"outcome"and"on"kneaperative bleeding and thereby improve visibility of the sur-
range"of"'motion"(ROM)." gical #eld, resulting in reduced surgical time. Another main
Patients" and" methods70" patients” who" underwent" total" argument for using a tourniquet has been the concern of
knee" arthroplasty" were" randomized" into" a" tourniquet"poor cementation quality. !eoretically, absence of bleeding
group”(n=35)"and"a"non-tourniquet"group”(n=35)."Groups"due to tourniquet use should improve the quality of cementa-
were"similar"with"regard"to"age,"gender,"grade"of "arthritigion and secure long-term implant #xation (Bannister et al.
and" operating”technique." All" operations"were"performed1988, Rama et al. 2007).
by"the"same"surgeon"and"follow-up"was"1"year." le disadvantages should be taken carefully into considera-
Primary"outcomes"were"functional"and"clinical"outcomes, tion when using a tourniquet. Reported complications in-
as"evaluated"by"the"Knee" Injury"and" Osteoarthritis" Out-clude thigh pain, nerve palsy, ischemia, so$ tissue damage,
come"Score"(KOOS),"and"knee"ROM."Secondary"outcomdg’bmboembolic complications, poor wound healing and
were"intraoperative"blood"loss,"surgical'time"and"di*cul- patella maltracking (Komatsu et al. 2003, Smith et al. 2010
ties,"postoperative"pain,“analgesic"consumption“and"transand Tai et al. 2011).

fusion"requirements." Recovery may be delayed due to reduced muscle strength, re-
Results Patients" in" the" non-tourniquet” group” showed" a'duced knee ROM and increased pain (Saunders et al. 1979).
signi$cantly” better" outcome" in" all" KOOS" subscores" andDther studies have shown increased pain and impaired knee
better" early”" knee" ROM" from" surgery"to" week" 8." No" difrange of motion up to 1 year a$er surgery in which a tourni-
ference"was" detected" at"the" 6-"and" 12-month" follow-upgjliet is used (Abdel-Salam et al. 1995, Ledin et al. 2012). Sev-
ere"was"a"signi$cant" di&erence" in" postoperative" pain,“eral randomized controlled trails and meta-analyses dealing
with"decreased"visual'analogue”scale"(VAS)"score"and"|le@li adverse e*ects of tourniquet use have been published,
analgesic" consumption"when"a"tourniquet” was" not" usediut disagreement still remains, whether TKA surgery should
No" di&erence" could" be" detected" in" surgical" time," surgibe performed with or without the use of a tourniquet (Toby
cal"visibility"or"di*culties." Intraoperative"blood"loss"was" et al. 2010 and Tai et al. 2011, Alcelik et al. 2012). lus more
greater"when"not"using"a"tourniquet,"but"no"postoperativettials are needed to elucidate the value of tourniquets in TKA.
transfusions"were"required." le aim of this study was to examine the e*ects of tourniquet
Interpretation” is"study"shows"that" TKA"without"use"of" use on functional and clinical outcome and on knee ROM.
a"tourniquet”results"in"faster"recovery"in"terms" of" betterFurthermore, intraoperative blood loss, surgical time, sur-
functional” outcome" and" improved" knee" ROM." Further- gical visibility and di‘culties, postoperative pain, analgesic
more"decreased"pain"and"analgesic'use"were'registered"ammtisumption and transfusion requirements were registered.

no"intraoperative"di*culties"encountered. We hypothesized that the absence of a tourniquet during
TKA would improve functional outcomes and increase knee
Introduction ROM, decrease postoperative pain level and analgesic con-

le use of a pneumatic tourniquet in elective total knee ar- sumption.
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,
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Patients"and"methods:" Patients

lis prospective randomized clinical trial was conducted at Patients aged 50+85 were included if elective unilateral TKA

Aalborg University Hospital, Aalborg, Denmark. A total ofbecause of gonarthrosis stage 3+5 according to Ahlb[ck

70 primary TKA were included in the study and performed1968) was required. All patients were without other severe

between January 2011 and January 2012, disease and classi#ed according to American Society of An-

Approval from the local Ethics Committee (approvalesthesiologists ASA 1-2. BMI more than 35 were not consid-

no. N-20090045) and registration at ClinicalTrials.gowered eligible for inclusion.

(NCT01309035) were obtained. All patients gave writtexclusion criteria included rheumatoid arthritis, peripheral

consent and were enrolled in this study in accordance withascular disease, diabetes, prior knee surgery and use of anti-

the Consolidated Standards of Reporting Trials (CONSORTQoagulation medicine.

and !e Helsinki Declaration (Fig.1). Patients were comparable regarding demographics (Table 1.)

lis study was part of a larger randomized controlled trial !ey were allocated into two groups: 33 patients had surgery

where two other main aims were investigated. !e primary using a tourniquet (Tq group) and 31 patients had surgery

outcomes of these trials are tourniquets e*ect on implanwithout the use of a tourniquet (non-Tq group).

#xation and ischemic conditions. e clinical outcomes of Patients were block randomized using sealed envelopes. In

tourniquet use are presented in this publication. 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.

Assessed for eligibility (n=92)

Excluded (n=22)

¢ Refusedto participate (n=3)

« Using anticoagulation (n=7)

+« DM with peripheralvascular disease(n=12)

Randomized (n=70)

l

{ Allocation } y
Allocated to tourniquet group (n=35) Allocated to non tourniquet group (n=35)
« Received allocated intervention (n=33) + Received allocated intervention (n=31)
« Did not receive intervention (n=2) « Did not receive intervention (n=4)
(preoperative switch to general (preoperative switch to genera
anesthesia anesthesia)
{ Follow-Up } l
Lost to follow-up (n=0) Lost to follow-up (n=0)
¥ l Analysis 1 ’
1 J
Analysed (n=33) l l Analysed (n=31)

Fig.1 Flow chart of included participants.

54"

%

Table 1.Demographics (SD: Standard Deviation)
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Surgical technique Primary outcomes:

All procedures were standardized with regard to preoperafo evaluate functional and clinical outcomes the Knee In-
tive tranexamic acid, spinal anesthesia, postoperative pgury and Osteoarthritis Outcome Score (KOOS) was used
treatment and rehabilitation regimen. (Roos et al. 1998). In this validated knee-speci#c question-
Before surgery, tranexamic acid (1 g) was administered oradaire, the outcome is expressed as the change in average score
ly, and immediately prior to skin incision, cefuroxime (1.5from baseline to 12 months for each subscale. Knee ROM
g) was administered intravenously. In addition, tranexamievas measured by extension and &exion with a goniometer
acid (0.5 g) was given 3 hours a$er surgery, and cefuroxirBeveeks preoperatively as a baseline, postoperatively on day
(750 mg) was given 6 and 12 hours postoperative. Irombo-2 and during follow-up (8 weeks, 6 months and 12 months)
sis prophylaxis was achieved with use of rivaroxaban (10 m@kg.3).

day) throughout hospitalization. At discharge, 90> of all patients had obtained full exten-
Both groups had an appropriately sized thigh tourniquesion, and at 6-month follow-up, all patients had full exten-
applied, but it was only in&ated in the Tg group. In non-Tcsion. lere was no signi#cant di*erence in preoperative
group, it was placed on the thigh but not in&ated, therebynee ROM between the two groups (non-Tq 107.9 « 9.6 de-
serving as safety device in case of uncontrollable bleedingees 95>CI (104.5-111.3) vs. Tq group 107.4 « 10.5 degrees
In the Tq group, limb exsanguination was done by elevatio85>Cl (103.5 -111.2); p=0.836).

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 tourSecondary outcomes:

niguet. Pain was assessed using a VAS score with no distinction be-
All knee implants were the NexGen| CR-Flex Fixed Bearinigveen thigh pain and knee pain. “ero was no pain and 10 was
Knee (“immer, Warsaw, Indiana, USA) with use of Biometvorst imaginable pain. Pain was registered at rest, just prior
Refobacin| Bone Cement R (Biomet, Warsaw, Indiana, USAp surgery and postoperatively at 2,4,6,8 and 10 hours on the
In all cases, the patella was resurfaced. Surgical procedutayg of surgery (day 0). !e following days, pain was evalu-
were all performed by the same surgeon within 80 min (Taated during rest and a$er walking 20 m. Analgesic consump-
ble2). A midline skin incision and medial parapatellar artion was expressed as a mean morphine equivalent during
throtomy were applied. An intramedullary guide system wabkospitalization, and the consumption was standardized using
used for the femur and external guides for the tibia. Distdl0 mg of morphine as reference analgesic dose.

femur holes were plugged with autogenous bone gra$s. C8urgical data were recorded regarding blood loss estimation,
ment was applied on the tibia plateau surface, beneath thdich was measured by totaling &uid volume in suction bot-
tibial tray and along the stem. Anchorage holes were drilleites and the weight of operation swabs. !e hospital?s trans-
into the tibia plateau to increase the contact area betweémsion policy was followed regarding transfusion needs, and
bone and cement. High pressure pulse lavage was perfornaatients were transfused postoperatively if hemoglobin level

to remove blood and provide better cement interdigitation. was 4.5 mmol<I or lower. Surgical time and surgical visibility
Modern cementing technique was used that involved metiaduring surgery was registered by the same surgeon (Table 2).
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. lis
was done to secure enough time to obtain a careful cementa- No problems
tion with proper pressurization. A$er cementation, further Slight problems
pulse lavage debridement was performed to eliminate c
ment debris from the wound (Niki et al. 2007). Immediately
a$er wound closure, dressings were applied, and the cu* was
de&ated in the Tqg group and removed. Extreme problems
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).

D
I

Moderate problems

Severe problems

galplw|N|FE

Table 2.Surgical visibility.
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Statistical analysis: Results

Sample size for this study was based in part on the KOO8 patients were enrolled in the trial; 64 (35 males and 29
score (Roos et al. 1998) and in part on earlier studies witbmales) completed the study (see &ow chart).

knee ROM and surgery with and without a tourniquetPatients were similar concerning preoperative demographics
(Wakankar et al. 1999, Ledin et al. 2012). A change of mir(ifable 1). !lere were no di*erences regarding age, weight,
mum 10 points was considered clinically signi#cant. A powegender, preoperative KOOS score or radiographic osteoar-
calculation was determined to 80>, the con#dence intervahritis grade.

was set at 95> and a p-value less than 0.05 was considered

signi#cant. Data as KOOS, VAS pain and other continuouBrimary outcomes

variables that was normally distributed were analyzed witKOOS: Fig. 2 shows that both groups had improvement
Student?s t-test (unpaired). Mann Whitney U-test was usetthin all KOOS subscales, from baseline until 8 weeks.
for continuous variables not normally distributed. !'e chi- When comparing the groups di*erence was also registered,
squared test was used to analyze categorical variables. Daithh more improvement in the non-Tq group (pQ0.001)

are presented as means and standard deviations. Statistical

analysis was performed by using STATA 11.0

Fig."2
KOOS Absolute Scores Absolute mean KOOS subscales are
100 presented at baseline and through
. . . . follow-up as an outcome pro#le for
Sl ~ ~ [ ~ the tourniquet group vs. the non-
80 tourniquet group. KOOS subscales:
70 symptoms, pain, activity in daily
60 living (ADL), sport and recreation
50 (Sport<Rec) and quality of life (JOL).
40 Early improvement at week 8 was de-
%0 . tected in all KOOS subscales. Statisti-
20 = cal signi#cant di*erence marked with
: i
0

& 8 2 2|% 2 2 2/85 8 2 2|3 2 2 2|35 ¥ g2 2
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Knee" ROM: Postoperatively there was signi#cantly betteNo di*erence was registered on postoperative day 0
knee ROM in the non-Tq group (47.5 « 9.5 degrees 95>Chnd again at 8-week follow-up. Patients in the tour-
('44.1-5.0.9)vs.35.'6-7.9 degrees 95>CI (32.8-38.5); pQO'OQﬁhuet group had a greater analgesic consumption
lis #nding V\{aS.StI” detectable at 8 weeks, where non-Tqand greater discomfort from the thigh until 2 to 3
group had signi#cantly better knee ROM (99.8 7.2 degreeseeks aser discharge. In the Tq group, signi#cantly

95>Cl (97.2-102.3) vs. 93.4 «8.2degrees 95>Cl (90.3-96.4));. h . | h hi . d
p = 0.002). At 6 months there was no di*erence betwe igher equianalgesic morphine use was registere

non-Tq group and Tq group: (108 « 8.5 degrees 95>Cl (105dur'n9 hospitalization: 38 « 9.8 mg 95>Cl (34.66;
111) vs. 107.1+10.6 degrees 95>Cl (103.3 -111); p = 0.726j1.34) vs. 31 « 6.1 mg 95>ClI (28.85; 33.14) (#g. 3).
lis was also registered at 1- year evaluation, where no

di*erence was found between the two groups (113.4 ¢ 8 ¢ T Ta—

grees 95>CI (110.5-116.2) vs.113 « 8 degrees 95>CI (11
-115.9); p=0.845). -

8
]

Secondary outcomes

Pain: A signi#cantly lower mean VAS score on di ~
of discharge was registered in the non-Tq grot ™
(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). Tq group Non-Tq group

3

Fig."4.Mean of all consecutive pain measurements
during #rst 3 days.

Degrees

L I

Pre OP Post OP Week 8 Month 6 Month 12
T Tg"group [ Non-Tg'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.
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Table 3.ntraoperative measurements

Discussion

le aim of this present study was to clarify whether a tour- &exion and thereby rehabilitation.

niquet would a*ect functional outcomes and knee ROM afTai et al. 2012 found decreased postoperative pain when not
ter TKA surgery. !'e main #ndings were signi#cantly better using a tourniquet, but no di*erence in knee &exion. lis did
clinical and functional outcomes in terms of better KOOShot a*ect the rehabilitation progress or recovery.

score and more comfortable mobilization with better kneée ischemic e*ects and changes in the limb due to a tour-
ROM in the initial rehabilitation stage in the patients inniquet are sparsely described. Ostman et al. (2004) described
whom a tourniquet was not used. the ischemic changes than take place in skeletal muscle dur-
Pain during TKA is inevitable because of the surgical traumag arthroscopic ligament reconstruction, where surgical
to so$ tissues and osseous structures. In addition, patientauma is not as severe as in TKA. Here ischemic changes
0%en complained of thigh pain at the site of tourniquet. ltwere signi#cantly higher until 2 hours a$er surgery. Tsarou-
is possible that local pressure on nerves and so$ tissue was et al. (2012) investigated tourniquet induced so$ tissue
the cause. le increased pain was con#rmed with KOOS regdamage during arthroscopic meniscectomy, measured by
istration. All patients in the non-Tq group had signi#cantlyserum creatine phosphokinase in patients not older than
better scores until the 6-month outpatient control, a$er40 years. It was found that tourniquet use for less than 30
which no signi#cant di*erences were detectable. Not usingiinutes was safe in terms that a systemic response was not
a tourniquet facilitated easier rehabilitation without patientsdetectable. In our study, the Tq group had signi#cantly more
experiencing additional pain from the thigh. pain and also a signi#cantly higher requirement of analgesics,
We found that knee ROM recovery was achieved faster in théhich may be due to the local ischemic conditions caused by
non-Tqg group than in the Tq group, which was also estalthe tourniquet and longer surgical time. lis, however, needs
lished by Wakankar et al. (1999) and Chang et al. (2012). \NWether investigation.

found that early postoperative bene#ts were better knee ROWe found no di*erences in surgical time or visibility. Con-
and better subjective knee performance observed at the otitslling intraoperative bleeding was not an obstacle. Pre- and
patient follow-ups until 6 months. Although the clinical dif- postoperative tranexamic acid was given, and during initial
ferences between the groups decreased with time. lese #ndurgery, the knee was &exed so that further hemostasis was
ings are in accordance with Ledin et al. (2012), who founaichieved. Surgical time is an interesting parameter since it
pain was increased the #rst 4 postoperative days and knepresents an objective measure of di'culties caused by im-
ROM was still decreased at 2 years when using a tourniqupdaired visibility. Since there was no di*erence in surgical
Vandenbussche et al. (2002) and Li et al. (2009) also foutiche, it appears that not using a tourniquet had no e*ect on
early improvement in knee &exion and initial postoperativesurgical visibility.

pain reduced. !e increased pain and thigh swelling could

be attributed to the tourniquet and may hinder initial knee









Paper"ll

Paper"ll



Paper"ll

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

Ashir Ejaz-23 Anders C. Laurset3 Andreas Kappé| 'lomas Jakobsen'? Poul Torben Nielseh Sten Rasmusséf®*

1. Department of Orthopedic Surgery, Aalborg University Hospital, Aalborg, Denmarkhdp@dic Surgery Research Unit, Aalborg University Hospital, Aalborg, Denmark,
3. Department of Clinical Medicine, Aalborg University, Aalborg, Denmark, 4. Department of Clieid&ifé, Aarhus University, Aarhus, Denmark

Purpose:Tourniquet"use"in"total"knee"arthroplasty”(TKA)" ischemia and reperfusion remains uncertain. !e tourniquet
surgery" is" commonly” applied" to" minimize" blood" loss'pressure combined with ischemia has been investigated and
thereby" creating" a" better" overview" of" the" surgical” $eldifi&icts a more profound damage to the skeletal muscle than
is"induces"ischemia"in"the" skeletal"muscle"resulting"in"ischemia alone ,5.... !e clinical aspects regarding tourniquet
reperfusion"injury"and"may"impair‘recovery."Our"aim"was'ise has been vigorously investigated ,1,19,15,16... and cases of
to"investigate"the"in"vivo"metabolic"changes"in"the"skeletaliabdomyolysis have been described ,11....
muscle"distal"to"the"tourniquet"using"microdialysis"(MD)"!e skeletal muscle in limbs is very sensitive to ischemic
during" surgery"and" reperfusion” period" compared"to" pa-changes and a clinical assessment is not su'cient to evaluate
tients"operated"without"use"of"tourniquet. the degree of ischemic tissue damage induced by the tourni-
Methods!'70"patients"underwent"primary"TKA"from"2011- quet ,2, 8.... lus, using an in vivo technique could provide a
2012." Patients" were" randomly" allocated" to" tourniquetinore accurate assessment of the metabolic events.

group" (n=35)" or" non-tourniquet" group" (h=35)." Prior"to" Microdialysis (MD) is a minimally invasive technique that
surgery,"MD"catheters"were"inserted"in"the"gastrocnemiugliows continuous monitoring of metabolism in extracellular
muscle" of" both" legs," operated" leg" and" non-operated" legpace. It was originally described by Ungersted and Pycock
which,"served" as" reference.” Interstitial" dialysate" was" coto monitor neurochemical changes ,18.... Interstitial levels
lected"before"and"during”surgery"and"at" 20" min"intervalglf metabolites as glucose, lactate, pyruvate, lactate<pyruvate
during"a"5"hours"reperfusion"period."Main"variables"were(L<P) ratio were measured, because they serve as direct in-
metabolites"that"serve"as"indicators"of'tissue"ischemia:"gluticators of ischemia, whereas glycerol re&ects cell damage
cose,"pyruvate,"lactate"and"glycerol"and"L/P"ratio." ,0,8,13.... During ischemia, lactate increases and pyruvate de-
Results:Di&erence"in"all"ischemic" markers"was" detectedteases, leading to an increased L<P ratio. A ratio above 25 is
between"the"two"groups,"caused"by"tourniquet"applicationconsidered abnormal ,9....
In"the"tourniquet” group,"a" mean" period" of" 74.4" minutesTo our knowledge MD technique has not been applied in a
of"tourniquet"induced"ischemia"resulted"in"signi$cant"de- randomized controlled setup to investigate tourniquet in-
creased"interstitial"levels" of" glucose"and"pyruvate"to" 54%iced ischemia during TKA surgery, even though this could
(2.3"mmol/L)"and"60%"(26"+mol/L)"respectively,"comparediontribute to the understanding of the phenomenon.

to" baseline." Simultaneously," signi$cant" accumulation” of'le aim of this study was to investigate the in vivo degree of
lactate"to"116%" (2.6" mmol/L)"and" glycerol"to" 190%" (24iéthemia in skeletal muscle with the use of MD during sur-
+mol/L)"was" observed."L/P"ratio" was" elevated" indicatinglery and cu* in&ation and during a period of reperfusion
ischemia." " In" the" non-tourniquet" group" the" metabolite"to estimate ischemia and cell damage. In particular the limb
changes" were" less" profound" and" normalized" within" 6@istally to the cu* was of particular interest and not directly
minutes." beneath the cu*, where apparent ischemia takes place.
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....

le kinetics of ischemic metabolites during periods of



Materials"and"Methods:"

lis prospective randomized clinical trial was conducted at peripheral vascular disease, diabetes, prior knee surgery and
Aalborg University Hospital, Aalborg, Denmark. A total ofuse of anticoagulation medicine.

70 primary TKA were performed between January 2011 arféhtients were block randomized using sealed envelopes and
January 2012. were allocated into two groups: 34 patients had surgery using
Approval from the local Ethics Committee (approvala tourniquet (Tg group) and 33 patients had surgery with-
no. N-20090045) and registration at ClinicalTrials.gowout the use of a tourniquet (non-Tg group). !e envelopes
(NCT01309035) were obtained. All patients gave writtewere opened when the surgeon was present in the operating
consent and were enrolled in this study in accordance wittheatre before surgery. Patients were unaware of the group to
the Consolidated Standards of Reporting Trials (CONSORTNhich they had been allocated.

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,

Fig.1.Flow chart of included participants.
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Table 1.Demographics
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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. le
duration of ischemia was 74.4 « 3.7 minutes in the tourni-
quet group.

Comparison"between"Tq"group”and"non-Tqg"group.
Comparing the Tg group with non-Tqg 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.

lis is expressed in #gure 2 where the mean di*erences be-
tween the two groups are shown.

Fig."2.Tourniquet use induced signi#cant ischemia, and di*erences in the levels of all the metabolites were deteeted betw
the Tqg group and the non-Tqg group from the beginning of the reperfusion time and until 140+180 min later.



Tqg"group

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

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

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.



Non-Tq"group

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

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

Fig." 6. Mean di*erence in non Tg-
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.

Discussion

Microdialysis is recognized as a useful tool to assess meaghieve the highest recovery we used the largest membrane
bolic changes in skeletal tissue in clinical settings ,8,10....réé@mmend to skeletal tissue and the lowest perfusion rate
determined that microdialysis is an e*ective way to monitorallowed. Most of the clinical studies available use relative re-
interstitial levels of metabolites during tourniquet inducedcovery and by using very low &ow recovery will be reaching
ischemia. lis RCT was conducted to investigate metabolicnear 100>.

changes distally in a limb, since the ischemia underneath the di*erence between the two groups illustrate that tourni-
tourniquet has been described previously in literature ,10quet application induces changes in level of metabolic mark-
le period of interest was when the limb was exposed toers, which are manifested up to until 180 minutes of reper-
ischemia during surgery and time of reperfusion. !e main fusion.

#ndings showed that tourniquet use in&icts ischemia ankk systemic response to surgery observed in the markers
cell damage measured by metabolites. Signi#cant ischemia#s be adjusted for by using the non tourniquet group as ref-
induced in the a*ected limb until 3 hours because of tournierence and it can be concluded that the di*erences in marker
quet use. le ischemia was reversible a$er 5 hours. levels is locally a*ected by the tourniquet induced ischemia.
To our knowledge, this study is the #rst to assess the ischeririche tourniquet group there were signi#cant changes of all
changes during TKA surgery caused by tourniquet use inthe metabolites in the operated leg, when comparing base-
randomized setup line to measurements during reperfusion. le di*erences
Microdialysis is a minimally invasive technique that has limwere present in all of the metabolites and were signi#cant
ited risks for patients and even with small concentration voleomparing from baseline during reperfusion, before slowly
umes monitoring of the ischemic changes is allowed. lis isreturning to normal levels. e non-operated leg, that served
applicable despite reduced blood &ow during ischemia = tlaes indicator for systemic response was compared to the op-
sampling of interstitial &uids can continue. erated leg and signi#cant di*erence was also present at the
Microdialysis contains a major limitation when estimatingindividual measurement points. !e di*erence between the
data because only an approximation can be stated. Recoveperated leg and non operated leg represents the local skel-
depends upon many factors that a*ect the equilibrium, to etal muscle response in the operated leg.



Conclusion:

lis study shows that microdialysis is a capable way of moni-
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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" tourRadiostereometric analysis (RSA) was developed by Selvik in
niquet"in"cemented"TKA"surgery,"especially"to"determinel974° and is an accurate 3-dimensional measurement tech-
whether"not"using"a"tourniquet"would"a&ect"early"migra-nique, that can be used to evaluate migration and #xation of
tion" of"the"tibial" component" as" measured" by" radiostero-implants with reference to 1 mm tantalum markers implant-
metric"analysis"(RSA)." ed in the surrounding bone. Early micromotion between im-
Seventy" patients" who" underwent" total" knee" arthroplastyplant and bone is associated with early need for revision
were" randomised" into" a" tourniquet” group” (n=35)" and" aModel-based RSA (MBRSA) is a further developed method
non-tourniquet” group” (n=35)." Groups" were" similar"with" to determine migration and unlike marker-based RSA it
regard"to"age,"gender,"grade"of"arthritis"and"surgical"techdoes not require markers attached to the implant. Instead
nique."All" patients"had" 1.0-mm"tantalum"beads"insertedMBRSA uses a digital image-processing technique based on
into"the"proximal'tibial"bone,"and"using"model-based"RSACad models of to determine the location and orientation of
the"migration"of"the"tibial*component"was"analyzed." Pri-the implant. MBRSA has been compared with marker-based
mary"outcome"measure"was"maximum"total"point"motion'RSA and been shown to be a valid technique to determine
(MTPM)"and"secondary"outcome"measures"were"translathe accuracy of implantatioft'? To our knowledge, RSA-
tions"and"rotations.” e"follow-up”period"was"2"years." evaluation of tourniquet e*ects on implant #xation has been
e"tibial"component"was"well"$xated"in"both"groups"and" carried out in only two other studies, both of which used
no" signi$cant" di&erence" in" migration" between" the" twomarker-based RSA!* Other studies have used plain radio-
groups" was" detected" a;er" 2" years" (p=0.632)." At" 2" yeagsaphs to assess whether loosening took place without tour-
mean"MTPM" (SD)"was"0.47mm" (0.16)"in"the"tourniquethiquet use* > lis present study is the #rst using model-
group"and"0.45mm" (0.21)"in" the" non-tourniquet” group."based RSA to detect possible migration when a tourniquet
ere" were" no" intraoperative" complications" registered" was not used. We assumed that if no di*erence in migration
when"a"tourniquet"was"not"used. was detected between the two groups, it was acceptable to
ere"was"no" di&erence" in" tibial" migration" between"the" conclude that tourniquet use did not in&uence the quality of
two" groups," indicating” that" stable" $xation" of" the" tibial"implant #xation.
component“can"be"achieved"in"cemented"TKA"without"us&re are no clinical studies indicating that tourniquet use
of"a"tourniquet. 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.

Introduction

le 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

lis is because a dry cement-bone interface allows proper
cement penetration and bone cement interdigitation
Although many studies have been carried out to settle the
guestion of whether or not to use tourniquet, they have pri-
marily focused on clinical outcomes such as operation time,
intraoperative bleeding, pain and knee &ekiohSystematic
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 #xafiare
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Patients"and"Methods"

lis prospective randomised clinical trial was conducted at Exclusion criteria included rheumatoid arthritis, peripheral
Aalborg University Hospital, Aalborg, Denmark. A total ofvascular disease, diabetes, prior knee surgery and use of anti-
70 primary TKAs were performed between January 2011 amdagulation medicine.

January 2012. Patients in both groups were comparable with regard to de-
Approval from the local ethics committee (approvalmographics (Table 1). Patients were block randomized us-
no. N-20090045) and registration at ClinicalTrials.govng sealed envelopes and were allocated into two groups: 33
(NCT01309035) were obtained. All patients gave writtepatients had surgery using a tourniquet (Tq group) and 31
consent and were enrolled in this study in accordance withatients had surgery without the use of a tourniquet (non-Tq
the Consolidated Standards of Reporting Trials (CONSORT9roup). !e envelopes were opened when the surgeon was
and !e Helsinki Declaration (Fig.1) present in the operating theatre before surgery. Patients were
Patients aged 50+85 were included if inclusion criteria wergaware of the group to which they had been allocated.

met and an elective unilateral TKA because of gonarthrosis

stages 3+5 according to Ahlb[ck (1968)as planned.

Fig.1Flow chart of included participants.

“%) # r o (i

Table 1 Demographics (SD: Standard Deviation)






Results

Seventy patients were enrolled in the trial and 57 (28 malere was no statistical di*erence detected in mean values of
and 29 female) completed the study (Fig.1). translation or rotation, along or around the x-, y- and z-axes
Patients were similar concerning preoperative demographieg any time during follow-up, p X 0.05. All mean values were
(Table 1). 'ere were no di*erences regarding age, weightbelow 0.5 mm and 0.5 degrees for both groups.

gender or radiographic osteoarthritis grade.

During 2-yearsA follow-up no statistically signi#cant di*erWe registered one case of early tibial component loosening
ence was detected in the mean values of MTPM between ihehe Tq group. !e patient was initially without symptoms
two groups (p=0.63) (Fig.2). No statistically signi#cant difand well mobilised, but on plain radiographs the loosening
ference was detected in mean values of translations or ~ was detected at week 8. Implant loosening had occurred due
rotations along the sagittal, transverse and longitudinal axés impaired subchondral tibia bone quality caused by a cyst
a$er 2 years (Table 2). not recognised before or during surgery. lis patient was not
In both groups, all of the patients analysed with RSA showeicluded in RSA analysis.

excellent and stable #xation throughout the follow-ups, and

no signi#cant migration was detected.

Fig." 2. MTPM Maximum total
point motion during a 2-year

follow-up
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Discussion

le reason for applying a tourniquet is to ensure less intraop-pulse lavage that enhances the mechanical bone-cement in-
erative bleeding and concurrently optimise surgical visibilityerdigitation by removing blood and causing a better cement
and thereby potentially reducing duration of surgery timepenetration®. Furthermore a careful cleaning of remaining
Another important argument for tourniquet application is cement debris is crucial because it may prevent 2third body
to achieve better implant #xation because blood may impawear® responsible for implant loosening and polyethylene
bone-cement interdigitatioh It is known that tibial compo- wear?. lese steps are some of the key elements to secure
nents migrate a$er surgery, most marked in the #rst 6 weekshigh quality implant #xation so that the risk of long-term
later, migration diminishes and stabilises approximately %urvival failure is reduced. Common practice is to cement
year a$er surgery: 2122 Obtaining a good and secure initial the components in one phase, whereas we divided the ce-
#xation is of utter importance. Implant #xation and survivalmentation process into two phases. lis prolonged the time
are endpoints that reveal the success of a TKA operatiamecessary to complete the surgery time, but was carried out
lerefore it was important to contribute to answering the to secure an optimal cementation.

question of whether using a tourniquet secures better cemeRTPM between the two groups showed no di*erence in
tation and especially #xation of the tibial component, whichmigration or rigid body motion pattern, indicating that the
seems to be the main site of loosening. absence of a tourniquet did not worsen the #xation of the
le aim of this present RCT study was to investigate whethettibial component and increase the risk of long-term loos-
absence of a tourniquet would worsen implant #xation durening. MTPM can easily be a*ected by movements from
ing the #rst 2 years a$er TKA surgery using RSA, expressalti directions, but it is appropriate for detecting di*erences
by MTPM, as primary outcome. Our study showed no signifbetween two similar groups. Translations and rotations are
icant di*erence in mean values of MTPM between patientsore precise variables of the rigid body?s centre of gravity.
in whom a tourniquet was used and those in whom a tourese variables did also support that there was no di*erences
niquet was not used. Also, no signi#cant di*erence in meain migration between the two groups. e MTPM reported
values was detected in the translations and rotations. In our our study is close to the limit for acceptable migration.
study condition number and mean error of rigid body #tting!lis limit varies for implant types, because some have more
were low, and the overall quality of RSA examinations wasigration than otherg'. le translations and rotations pre-
good. sented good values.

To our knowledge this is the #rst study to investigate the

e*ect of a tourniquet on implant migration and long-term In the randomised study by Vandenbussche ep#in ra-
survival using model-based RSA. Only two other studiediographs analysis was performed at 3 months, looking for
regarding implant #xation have been conducted; both useglarly signs of aseptic implant loosening with special attention
marker-based RSA and involved 50 patients and 60 patients,radiolucent lines, and no signi#cance di*erence was seen
respectively®* leir results support our #ndings. MTPM in relation to tourniquet use or non-use. Abdel-Salam and
and translations and rotations a$er 2 years showed no diEyre$ also reported that no di*erence was detected between
ference. Ryd et al.10 categorised implants movements to the two groups based on evaluation of plain radiographs dur-
stable if MTPM was Q 0.2 mm between 1 and 2 years oriag a 2-year follow-up.

being at risk of loosening if MTPM was X 0.2 mm, thus givsince very little is known about implant #xation and long-
ing an accuracy of 0.2 mm for translation and 0.5 degrees fierm survival or cement interdigitation in relation to tourni-
rotations. Other studies have reported accuracy that ranggset use, we suggest that further RCT studies be conducted
from 0.05 to 0.5 mm for translation and @.16 1.18 for  to investigate the long-term revision rates of the tibial com-
rotations?* 2% In accordance with this, our #ndings showedponent. In conclusion, we found that performing cemented
implant #xation and long-term implant survival was not TKA surgery without use of tourniquet is safe in terms of ob-
compromised. taining a good cementation and implant #xation, indicating
One shortcoming of this study was the use of modelbasethat long-term implant survival is not compromised.

RSA from CAD models. !e precision relies on obtaining

an exact contour detection of the tibial tray geometry. le

method has been proven to be a highly accurate method to

evaluate #xation of tibial componeritg® Other factors such

as osteoporosis that can cause motion were not considered in

the present study, but randomisation should equalise these

parameters.

le corner stones of modern cementing technique are sur-

face preparation including comprehensive high pressure
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