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13 Abstract

14 Background: Tourniquet use during total knee replacement is common, yet uncertainty exists regarding its
15 benefits and harms. The primary aim of the current study is to investigate whether tourniquet use during total knee
16 replacement leads to greater reduction in quadriceps strength than non-tourniquet use at three months post-
17 surgery. Secondary aims include investigating the effects of tourniquet use on: quadriceps strength at day 2 and 5,
18 and 12 months post-surgery; pain and analgesia requirements; self-reported physical function and quality of life;
19 blood loss and replacement; surgeon satisfaction with the intra-operative visual field; operation and anaesthetic
20 time; complications; cement mantle quality; patient satisfaction; and hospital length of stay.

21 Methods: The study is a single centre, parallel-arm, double-blind (participant and assessor), randomised trial with
22 1:1 random allocation. Participants will be undergo total knee replacement with or without tourniquet. Linear
23 mixed models will be used for group comparisons of continuous outcomes available at multiple timepoints. Other
24 continuous outcomes that are assessed at baseline and once/twice at follow-up will be analysed using linear
25 regression. Categorical outcomes will be analysed using logistic regression models.

26 Discussion: This study will provide high-quality evidence regarding the effects of tourniquet use during total knee
27 replacement, which can be used to inform surgeon decision-making.

28 Trial registration: Australian New Zealand Clinical Trials Registry ACTRN12618000425291. Retrospectively registered
29 23 March 2018.Q3
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31 Background
32 Total knee replacement (TKR) is a common and successful
33 procedure, with over 1 million TKRs occurring annually in
34 OECD countries [1]. TKR is regularly performed using a
35 tourniquet, with usage in 37–93% of surgeries [2, 3]. How-
36 ever, tourniquet use during TKR is debated due to evidence
37 questioning the advantages, and the possibility of increased
38 complications [4, 5].
39 A thigh tourniquet compresses the leg and restricts distal
40 blood flow which is intended to reduce intra-operative
41 blood loss at the surgical site. Tourniquet use has been sug-
42 gested to improve surgical field view, allow cement to bond
43 more effectively [6], and produce shorter operating time
44 which might reduce the risk of infection [4]. A systematic
45 review found tourniquet use reduced intra-operative blood
46 loss (198ml) and operating time (5min), but did not affect
47 post-operative blood loss or the possibility of requiring
48 transfusion [4]. Tourniquet use increased the risk of throm-
49 botic events such as deep vein thrombosis (DVT) and pul-
50 monary embolism (PE) (risk ratio (RR) 5.00; 95% CI, 1.31
51 to 19.10), and non-thrombotic complications such as reop-
52 eration, haematoma, or nerve palsy (RR, 2.03; 95% CI, 1.12
53 to 3.67). Knee range of movement in the first 10 days
54 post-operatively was 10.4 degrees less in the tourniquet
55 group. More recently, Rathod et al. [7] found no difference
56 in cement penetration when a tourniquet was used from in-
57 cision to arthrotomy closure compared to using a tourni-
58 quet only during cementation. Pfitzner et al. [8] found
59 cement mantle thickness was 1.2mm (p = .009) greater in
60 the tourniquet group than non-tourniquet group, and
61 Ledin et al. [9] found no difference in prosthesis migration
62 in tourniquet versus non-tourniquet TKR. Several investi-
63 gators have reported higher post-operative pain when a
64 tourniquet was used compared to no tourniquet [9–11].
65 Quadriceps function influences post-operative physical
66 performance, functional ability and rehabilitation follow-
67 ing TKR [12, 13]. Quadriceps dysfunction following TKR
68 can be immediate, profound and persist for years after
69 surgery, resulting in substantial functional deficits [14].
70 Mizner et al. [15] found quadriceps strength was 62%
71 less than pre-operative values when measured four
72 weeks after TKR.
73 Tourniquet use during TKR has been implicated in
74 quadriceps dysfunction. Two studies, both with small
75 samples (n = 20 & 28) assessed muscle function follow-
76 ing TKR. Liu et al. [16] found that tourniquet patients
77 had significantly less quadriceps muscle activity on EMG
78 for the first six months post-operatively, as well as in-
79 creased pain on day two and four post-operatively com-
80 pared to non-tourniquet patients. Dennis et al. [17]
81 found tourniquet patients had less isometric quadriceps
82 strength when assessed with a force transducer at
83 three weeks and three months post TKR compared to
84 non-tourniquet patients.

85The mechanism to explain quadriceps dysfunction fol-
86lowing TKR and tourniquet use is unclear. A commonly
87accepted pathway is that ischaemia induces acute in-
88flammation, degeneration and necrosis of muscle fibres
89[18]. Muscle biopsy following anterior cruciate ligament
90surgery with tourniquet found an accumulation of lyso-
91somes, edema of fibres and endothelium, and fibre ne-
92crosis [18]. Tourniquet use might also injure nerves
93and/or delay nerve conduction and muscle activation.
94Mizner et al. [15] investigated quadriceps strength after
95TKR and found loss of strength was largely explained by
96a combination of reduced voluntary muscle activation
97and atrophy, but muscle activation played a greater role.
98Interestingly, most activation failure seemed unrelated to
99knee pain during muscle contraction, contrary to sug-
100gestions of pain-induced muscle inhibition.

101Objectives
102The primary objective of this study is to determine
103whether non-tourniquet use during TKR reduces quadri-
104ceps strength less than tourniquet use when measured
105three months post-operatively.
106A secondary objective is to determine whether non-
107tourniquet use during TKR reduces quadriceps strength
108less than tourniquet use at day 2 and 5, and 12months
109post-operatively.
110Other secondary objectives are to determine the effects
111of tourniquet use on:

1121. Pain and analgesia requirements
1132. Self-reported physical function and quality of life
1143. Blood loss and replacement
1154. Surgeon satisfaction with the intra-operative visual
116field
1175. Operation and anaesthetic time
1186. Complications including revision surgery
1197. Cement mantle quality
1208. Patient satisfaction
1219. Hospital length of stay

122Methods
123Study design
124The study is a single centre, parallel-arm, double-blinded
125(participant and assessor), randomised trial with 1:1 random
126allocation. The study schedule is summarized in Table T11.

127Setting
128The study will be conducted at a large regional public
129health service in Victoria, Australia. Twelve surgeons
130perform TKRs at the centre, all of whom will be in-
131volved in the study. In 2014, 149 primary TKRs were
132completed at the centre.
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133 Eligibility criteria
134 Eligible participants must have the following characteristics:

135 1. Undergoing primary TKR for primary osteoarthritis
136 2. ≥ 18 years of age
137 3. Willing, able and mentally competent to provide
138 informed consent (able to read and understand the
139 Patient Information and Consent Form which is
140 written in English language).

141 People who have the following pre-operative charac-
142 teristics are not eligible:

143 1. Undergoing bilateral TKR (as participant
144 characteristics and rehabilitation are different to
145 unilateral TKR)
146 2. Neurological deficit affecting the surgical knee (due
147 to potential effects on quadriceps strength)
148 3. Rheumatoid arthritis (different aetiology than
149 osteoarthritis)
150 4. Pre-operative knee flexion < 60° (degree of flexion
151 required for strength testing)

1525. Varus/valgus deformity > 15° (requires different
153surgical approach)
1546. Opioid tolerant (current use of oxycontin, opioid
155patches, or tramadol; > 4 tabs panadeine forte per day)
156(unable to assume standardised analgesia pathway)
1577. Sulphonamide allergy (to allow parecoxib/
158celecoxib use)
1598. Intolerant/allergic to oxycodone (unable to assume
160standardised analgesia pathway)
1619. Poorly controlled diabetes (HbA1C > 8) (impacts on
162choice of dexamethasone as antiemetic)
16310. Cognitively impaired (mini-mental state
164examination of < 25/30 [19]) (affects consent and
165participation in rehabilitation)
16611. eGFR < 60 mL/min/1.73m2 (allows parecoxib/
167celecoxib use)
16812. Privately insured patients (unable to follow-up)

169All patients attending the study-site for pre-operative
170assessment for TKR will be assessed for eligibility by the
171surgeon, orthopaedic registrar or research coordinator.
172Eligible participants will be invited to participate in the

t1:1 Table 1 Study schedule

t1:2 Pre-randomisation Surgery
Day 0

Post-surgery

t1:3 Day 2 Day 5 During inpatient stay 3 months 12 months

t1:4 Enrolment

t1:5 Eligibility screen X

t1:6 Informed consent X

t1:7 Randomisation X

t1:8 Interventions

t1:9 Tourniquet TKR X

t1:10 No tourniquet TKR X

t1:11 Assessments

t1:12 Demographic variables X

t1:13 Quadriceps strength X X X X X

t1:14 Blood loss and replacement X X

t1:15 Surgeon satisfaction X

t1:16 Operation and anaesthetic time X

t1:17 Tourniquet inflation time X

t1:18 Pain X X

t1:19 Morphine equivalent daily dose X

t1:20 Complications X

t1:21 Knee Society Score X X

t1:22 Oxford Knee Score X X X

t1:23 WOMAC X X X

t1:24 EQ-5D-5 L X X X

t1:25 Revision surgery X

t1:26 Cement mantle X
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173 study and informed written consent obtained as appro-
174 priate. Participation in the study is voluntary; no finan-
175 cial incentives will be offered.
176 Considering the expected number of participants ful-
177 filling inclusion and exclusion criteria at the study site,
178 recruitment is expected to occur over a 4-year period,
179 commencing in October 2014.

180 Randomisation
181 People who meet eligibility requirements and provide
182 informed consent will be randomly allocated to either
183 tourniquet or non-tourniquet groups with a 1:1 alloca-
184 tion ratio in blocks of 10. The allocation sequence will
185 be computer generated by the research coordinator prior
186 to trial commencement. Allocation will be concealed
187 until immediately prior to anaesthetic induction, at
188 which time the surgeon will access the allocation code
189 for that participant via an opaque sealed envelope.

190 Blinding
191 All participants, clinical staff and research staff will be
192 blinded to group allocation, with the exception of the
193 treating surgeon/s and theatre staff.

194 Surgery
195 One of 12 surgeons will complete each TKR, with training
196 registrars operating under direct supervision. Prosthesis
197 type and whether to use navigated or non-navigated TKR
198 is at the surgeon’s discretion, which will be decided upon
199 prior to knowledge of the participant’s group allocation. A
200 medial parapatella approach and no drain will be used for
201 all participants.
202 The tourniquet group will have a tourniquet applied
203 with padding. After exsanguination of the operated limb
204 using a rubber tube or esmarch exsanguinator, the tourni-
205 quet will be inflated to 100mmHg above systolic blood
206 pressure or 250mmHg, whichever is higher. The tourni-
207 quet will be deflated immediately prior to wound closure.
208 All participants receive intravenous Tranexamic Acid
209 (TXA) to reduce peri-operative bleeding. The typical dose
210 is 1 g TXA diluted in 100ml normal saline infused intra-
211 venously at induction. Once the participant is in the re-
212 covery room, a second dose of 1 g TXA in 100ml normal
213 saline is given via infusion pump over 8 h (12.5 ml/hr).
214 All participants receive DVT prophylaxis commencing
215 six hours after TKR unless contraindicated: clexane 40
216 mg daily for 14 days. Mechanical DVT prophylaxis via
217 foot pumps will be applied until the patient commences
218 ambulating at least 5 m daily.

219 Anaesthesia, pain management and transfusion
220 Anaesthesia and analgesia are according to the organisa-
221 tion’s standardized protocols. All participants receive gen-
222 eral anaesthesia with inhaled sevoflurane. Post-operative

223analgesia includes sub-sartorius saphenous nerve catheter
224infusion with patient controlled boluses, and paracetamol,
225celecoxib and oxycontin. Oxycodone is given for break-
226through pain. If a participant reports severe posterior knee
227pain that is unresponsive to first-line analgesia, a single
228sciatic nerve block will be considered.
229Blood transfusion will occur if 1) the participant’s
230haemoglobin is less than 80, or less than 100 for patients
231with a history of significant cardiac pathology such as is-
232chaemic heart disease or 2) the participant is hypotensive
233(i.e. systolic blood pressure < 100mmHg and associated
234tachycardia) with suspected hypovolemia that is unrespon-
235sive to crystalloid/colloid fluid replacement.

236Post-operative care and rehabilitation
237Post-operative care of all participants, irrespective of
238group allocation will be according to the organisation’s
239TKR protocols and care pathways. Participants are mo-
240bilized day-one post-operatively and participate in a daily
241rehabilitation program as coordinated by Allied Health
242staff. Participants are discharged to their usual place of
243residence once they are medically fit and sufficiently in-
244dependent with activities of daily living. Participants are
245sent to inpatient rehabilitation if they are not sufficiently
246independent to manage at home, which often coincides
247with living alone. Following discharge from inpatient
248care, all participants receive ongoing rehabilitation under
249the direction of Allied Health staff, which is ceased at
250the discretion of staff and participants. The organisa-
251tion’s care pathways allow professional discretion regard-
252ing the amount and content of rehabilitation completed.
253Complete standardization of each group’s rehabilitation
254program is beyond the jurisdiction of the current study
255and is a potential limitation. Participation in ongoing
256rehabilitation will be recorded, equivalence between
257groups assessed and differences will inform data analysis
258and interpretation.

259Outcome measures and assessment time points
260The primary outcome is the maximum percentage change
261in isometric quadriceps strength assessed preoperatively
262and 3months following TKR. Strength will be measured in
263Newtons and assessed using a fixed-base electromechanical
264dynamometer (IsoForceControl EVO2 dynamometer [20])
265with the knee stabilised in 60 degrees of flexion. Patient
266will be seated in a customised chair with a frame that fixes
267the dynamometer in position. The force plate will be ap-
268plied adjacent to the malleoli of the ankle. Following 1–2
269practices, participants will extend their knee as forcefully
270as they can for 10 s. The maximum force from three
271consecutive attempts will be recorded. Fixed-based dyna-
272mometer has very good to excellent reliability in people
273following arthroplasty [21].

Page et al. BMC Musculoskeletal Disorders _#####################_ Page 4 of 7



274 Quadriceps strength at day 2 and 5, and 12months
275 post-operatively are secondary outcomes. Other secondary
276 outcomes include:

277 1. Post-operative inpatient pain and analgesia
278 requirements
279 a. Knee pain intensity on day 2 and 5 post-
280 operatively according to a 0–10 numeric scale
281 (0 = no pain, 10 = extreme pain)
282 b. Morphine equivalent daily dose [22]
283 (mg, average for first 5 days)
284 2. Blood loss and replacement
285 a. Intra-operative blood loss (ml, sucker bottle
286 minus irrigation volume)
287 b. Transfusion (units)
288 3. Surgeon satisfaction with intra-operative visual field
289 a. 1–10 numeric scale (1 = completely unsatisfied,
290 10 = completely satisfied)
291 4. Operation and anaesthetic time (minutes)
292 5. Complications during inpatient stay
293 a. DVT or PE
294 b. Wound complications such as infection,
295 haematoma or breakdown which require a change
296 in management such as antibiotics or reoperation
297 c. Medical complications (Medical Emergency
298 Team (MET) calls [23] or death)
299 6. Hospital length of stay (days)
300 7. Self-reported pain, physical function and quality of
301 life at 3 and 12 months
302 a. Knee Society Score (KSS) [24]
303 b. Oxford Knee Score (OKS) [25]
304 c. WOMAC [26]
305 d. EQ-5D-5 L [27]
306 8. Revision surgery within 12 months
307 9. Cement mantle quality at 12 months [28]
308 10. Patient satisfaction at 3 and 12 months

309 Strength measurements will be collected by research
310 assistants, who are trained by a study investigator. The
311 KSS will be completed by the treating surgeon, training
312 registrar or resident. Participants will complete standar-
313 dised questionnaires in paper-format with assistance of-
314 fered by a research assistant as required. Cement mantle
315 quality will be determined by a surgeon or research as-
316 sistant trained by a surgeon. Data for the remaining out-
317 comes will be extracted from the participant’s medical
318 record. Research assistants will enter data into REDCap,
319 the study’s password-protected electronic data collection
320 and management tool hosted by the institution [29].
321 The study will collect baseline demographic informa-
322 tion including age, sex, height, body weight, American
323 Society of Anesthesiologists (ASA) score [30], cognitive
324 function (mini-mental state examination [19]) and medical
325 comorbidities summarized with the Charlson Comorbidity

326Index [31]. Prosthesis type and the use of navigated or
327non-navigated procedures will be recorded.
328Once participants are enrolled in the study and under-
329gone surgery, every reasonable effort will be made to
330reassess them for the entire study period. Research assis-
331tants will attempt to contact participants a maximum of
332four times over a three-month period using phone, email
333or mail before they are considered lost to follow-up. Par-
334ticipants may withdraw from the study at any time and for
335any reason. Participants will be invited, though not re-
336quired, to indicate reasons for withdrawal. Those wishing
337to withdraw from the study will be invited to complete
338questionnaire assessments via mail rather than attending
339reassessment/s in person.

340Adverse events and data safety and monitoring
341An adverse event refers to an untoward occurrence during
342the study, which may or may not be causally related to the
343intervention [32]. We will collect information relating to
344adverse events from randomisation until the participant
345completes the 12month post-operative assessment.
346Serious adverse events (SAE) are those which result in
347death, are immediately life-threatening, rehospitalisation,
348result in persistent or significant disability or incapacity,
349or have important clinical sequelae. Serious adverse events
350will be reported to the organisation’s Human Research
351Ethics Committee. All adverse events will be reviewed on
352a monthly basis by senior surgeons in the organisation’s
353orthopaedic department. Senior surgeons will consider the
354likely contribution of tourniquet use towards each compli-
355cation and recommend to the investigators whether to
356modify or cease the study based on their findings. The
357surgeon whose patient had the adverse event will be ex-
358cluded from the final decision making regarding whether
359the event is related to tourniquet use. Annual reports of
360the study’s progress will be sent to the organisation’s
361Human Research Ethics Committee.

362Statistical analysis plan
363The main results will be based on intention-to-treat ana-
364lysis which will include all participants as randomised.
365Per protocol analysis will also be conducted as secondary
366analysis and include only patients whose surgery was com-
367pleted as randomised. All categorical data will be sum-
368marised using frequencies and percentages and baseline
369characteristics will be compared using the Chi-squared
370statistic. Interval or continuous data will be summarised
371using means with standard deviations or medians with
372lower and upper quartiles if the data are skewed. The
373amount of missing data for each group and each outcome
374will be described with frequencies and proportions. Ana-
375lysis will include cases with available data. No imputation
376of missing data will occur. For questionnaire data, if a
377participant has not responded to ≥15% of questions in a
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378 questionnaire (or subscale where relevant), the responses
379 for that scale will not be included in the analysis.
380 Linear mixed models [33] will be used for group com-
381 parisons of quadriceps strength at the different follow-up
382 time points (2 days, 5 days, 3 months and 12months). The
383 major advantages of using this method are that it accounts
384 for intra-individual correlations in observations, multiple
385 variables can be included in the model and the method
386 uses all available data even in the presence of unbalanced
387 data. If assumptions permit, the restricted maximum like-
388 lihood approach will be adopted. The models will include
389 an interaction term between time and treatment group,
390 which will indicate the between group differences in quad-
391 riceps strength changes from baseline. The linear mixed
392 model will also be considered for the analysis of continu-
393 ous secondary outcomes that are available at multiple
394 follow-up time points (> 3 time points). Other continuous
395 outcomes that are only assessed at baseline and once/
396 twice at follow-up will be analysed using linear regression,
397 allowing for estimation of clustered sandwich error esti-
398 mates [34]. Non-parametric models such as quantile re-
399 gression will be considered for cases where assumptions
400 of linear models are not satisfied.
401 Secondary outcomes that are categorical will be ana-
402 lysed using logistic regression models [35]. Count data
403 such as hospital length of stay will be analysed using Pois-
404 son regression or other count-data models (e.g. negative
405 binomial regression) if the assumptions of the Poisson re-
406 gression models are not satisfied [36].
407 Questionnaire data will be analysed as a total score for
408 the OKS, or component score for the WOMAC (Pain,
409 Stiffness and Function), KSS (Knee Score and Function
410 Score) and EQ-5D-5 L (descriptive system and VAS).
411 To explore the relationship between quadriceps strength
412 and patient function, strength will be correlated with
413 patient reported outcomes using Pearson’s correlation
414 coefficient [37].
415 Relevant tests will be two-sided and considered signifi-
416 cant if p values are less than 0.05. Stata Statistical Soft-
417 ware version 14 or later or R Statistical Packages version
418 3 or higher will be used for analysis.

419 Sample size
420 The sample size was calculated on the basis of the pri-
421 mary outcome. To the best of the our knowledge, at the
422 time of study development there was no published data
423 reporting quadriceps strength following tourniquet use
424 and total knee replacement that could be used to esti-
425 mate a sample size for this study. Therefore, allowing for
426 a medium to large effect size (Cohen’s d = 0.65), based
427 on the large quadriceps function differences between
428 groups observed by Liu et al. [16] which were measured
429 using surface electromyography, a two-sided significance
430 level of α = .05 and power of 80%, a minimum sample

431size of 39 participants per arm was estimated. Allowing
432for a 15% drop-out rate, we aimed to recruit 45 partici-
433pants to each group.

434Ethics and dissemination
435Barwon Health Human Research Ethics Committee, Gee-
436long, Australia approved the study including the protocol
437and the participant information and consent form (ref-
438erence 11/89). The Ethics Committee will be notified of
439any adverse events relating to the study or any changes to
440the study protocol. The study complies with the National
441Statement on Ethical Conduct in Research [38]. The study
442is registered with the Australian New Zealand Clinical
443Trials Registry (ref: ACTRN12618000425291) [39].
444All investigators and the trial statistician will have access
445to the final dataset. Key study results will be shared with
446interested participants in writing using plain English. Re-
447sults will be disseminated at national and international
448conferences and in peer-reviewed journals. Authorship
449eligibility for disseminated material will be determined
450according to international criteria [40].

451Discussion
452Th current study will fill a knowledge gap and provide
453much needed empirical evidence regarding the effects of
454tourniquet use in TKR. The study results will assist ortho-
455paedic surgeons when deciding on the most beneficial
456surgical technique for their patients.
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