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Background: Modified Robert Jones bandage (MRJB) is a bulky compressive dressing,
which commonly used to reduce blood loss, pain and swelling after total knee arthroplasty (TKA). But
the complications associated with MRJB have been also reported. Theoretically, in terms of
postoperative blood loss, the tamponade effect of MRJB should reduce the invisible blood loss (IBL)

including hemarthrosis and space for extravasation. However this potential benefit is still unclear.

Objectives: This study aimed to compare the efficacy and safety of MRJB and non-

compressive dressing (NCD) on reducing IBL after TKA.

Materials and Methods: Eighty patients who underwent unilateral primary TKA were
randomly assigned into two groups; MRJB and NCD groups. Pre- and post-operative hematocrit
levels, amount of drained blood and transfused blood volume were measured and used to calculate
into IBL. Pain score, degree of knee and thigh swelling, blood transfusion rate, range of motions,

functional outcomes and complications were also recorded and compared between both groups.

Results: There was no significant difference in the mean IBL between MRJB (221.2 + 233.3
ml) and NCD groups (158.5 + 186.7 ml) (p = 0.219). Postoperative pain score at rest and during
ambulation, degree of knee and thigh swelling, blood transfusion rate, range of motions and
functional outcomes were also similar between two groups. No serious complications were observed

in both groups.

Conclusions: This study cannot determine the benefit of MRJB over NCD. The use of MRJB

may not be necessary after primary TKA.

Field of Study:  Health Development Student's Signature
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CHAPTER 1
INTRODUCTION

Total knee arthroplasty (TKA) is one of the most successful procedures in orthopedic

surgery. Nevertheless, significant postoperative blood loss and requirement of blood transfusion are

still problematic (1). Total blood loss in TKA can be divided into visible and invisible blood loss.

Visible blood loss (VBL) means blood loss from the surgical field and wound drainage while invisible

blood loss (IBL) means residual blood in the knee, extravasation into the tissues and loss due to

hemolysis (2).

In usual practice, because TKA is performed with a bloodless field using a tourniquet,

intraoperative blood loss can be negligible. Therefore, postoperative drainage is only considered as

VBL. In terms of IBL, Sehat et al. (3) found that TKA carried a substantial IBL up to 765 ml or 49% of

the mean total blood loss. If not takes IBL into account, the true total blood loss was underestimated.

Currently, several methods have been proposed to reduce total blood loss after TKA such

as intramedullary femoral plug (4), hypotensive anesthesia (5), fibrin tissue adhesive (6), drain

clamping (7), tranexamic acid (8), cryotherapy (9) and compressive dressing (10).

Robert Jones bandage is a bulky compressive dressing that often used in orthopedic

practice for reducing pain and swelling around the knee. Various materials and techniques of

application have been proposed. Charnley (11) described it as three layers of wool and three layers

of domette bandage. The layers are put on gently but firmly and the whole bandage extends some

six inches above and below the joint and attains a thickness of about two inches. While Harkness



(12) used thick cotton padding and elastic bandages instead. In the study of Brodel et al. (10), they

modified the technique by pulling the final elastic layer snugly with more tension distally than

proximally to promote venous drainage. They found that this modified Robert Jones bandage (MRJB)

could make and maintain the anterolateral muscle compartment pressure for at least 24 hours after

TKA.

By theoretically sound, MRJB can create the tamponade effect around the knee that helps

to reduce hemarthrosis and space for extravasation after TKA, especially if the knee joint becomes a

close space (such as no drain or drain clamping uses. Thus, the use of MRJB should reduce more

IBL when compare to the use of non-compressive dressing (NCD). However this potential benefit of

MRJB is still unclear. Furthermore, in the drawback of MRJB usage, some authors reported that it

was associated with some complications including peroneal nerve palsy (13), pressure ulcer, bruise

and blisters (14). Because it is indistinct whether the potential advantages outweigh the

disadvantages, the use of MRJB after TKA is still controversy in clinical practice.



CHAPTER 2
REVIEW OF RELATED LITERATURES

The literature search was performed using keywords [bandage OR dressing OR Robert

Jones bandage AND total knee arthroplasty] in PubMed database and there were 155 articles found.

After thoroughly reviewing the titles and abstracts, | discovered 5 articles that relevant to my

objectives. This process was repeated in Scopus, ISI Web of Science and the Cochrane Library. The

relevant articles were similar to the first searching.

Brodell et al. (10) attempted to answer whether MRJB could generate and maintain

compartment pressure after TKA. They placed a slit catheter in the anterolateral compartment of leg

and monitored pressure in 9 patients. After applying the bandage, the pressure had elevated and

maintained for at least 24 hours. When the bandage was removed, the compartment pressure

immediately decreased. Although the bandage was reapplied, increased pressure was less than the

original level.

Web et al. (15) conducted a randomized controlled trial that compared wool and crepe

dressing with cold compressive dressing after TKA. They found that wool and crepe dressing group

had more blood loss (982 ml versus 768 ml) and higher opiate requirement than cold compressive

dressing group.

Gibbons et al. (16) compared the efficacy of MRJB with cold compression dressing after

TKA. They found that MRJB group had more drained blood loss than cold compressive dressing



group (1200 ml versus 720 ml). However, no statistical differences in blood transfusion rate, range of

motion, pain score and the need for analgesic drug was found between two groups.

In another randomized controlled trial, Smith et al. (17) reported that there were no

significant differences on drainage blood loss, blood transfusion, knee swelling, pain score, opiate

use between using MRJB and cryotherapy after TKA.

To my knowledge, there was only one randomized controlled trial that compared between

using and non-using MRJB (conventional dressing). Pinsornsak et al. (14) found no difference in

postoperative blood loss, blood transfusion, pain score and knee swelling. Nevertheless, the authors

didn’t focus on the IBL and didn’t notice that the drain clamping technique was used or not. In my

institute, three-hour interval drain clamping technique was used (18). It should help to increase the

tamponade effect within the knee joint and might result in more efficient use of MRJB.

Furthermore, from the study in inflammatory and degenerative knee diseases, Fahrer et al.

(19) found that knee effusion could inhibit quadriceps strength and aspiration of effusion provided a

13.6% increase in quadriceps strength. When applied these findings for TKA patients, if MRJB can

reduce IBL and knee swelling, the patients should have better quadriceps strength. It also should

make the patient better short-term functional outcomes and performance. These outcomes are the

secondary objectives in this study.



CHAPTER 3
RESEARCH METHODOLOGY

Research questions

Primary research question

Do MRJB and NCD have different efficacy on reducing IBL after TKA?

Secondary research question

Are there any differences in pain scores, amount of morphine use, degree of knee and thigh

swelling, ranges of motion, short-term functional outcome (Oxford Knee Score), performance-based

outcome (time used to perform timed up-and-go test) and complications between using MRJB and

NCD after TKA?

Objectives

Primary objective

To compare the efficacy between the use of MRJB and NCD on reducing IBL after TKA

Secondary objective

To compare pain scores, amount of morphine use, degrees of knee and thigh swelling,

ranges of motion, short-term functional outcome (Oxford Knee Score), performance-based outcome

(time used to perform timed up-and-go test) and complications between the patients receiving MRJB

and NCD after TKA



Statistical hypotheses

Null hypothesis

There is no difference in the means of IBL between the patients receiving MRJB and NCD after TKA.
HO : /LlMRJB = ILINCD

Alternative hypothesis

There is a difference in the means of IBL between the patients receiving MRJB and NCD after TKA.

HA : ILlMRJB ¢Il'lNCD

When  4,,.. = The mean of IBL between the patients receiving MRJB after TKA

M, = The mean of IBL between the patients receiving NCD after TKA



Conceptual framework
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Figure 1 Conceptual framework of the study



Operational definition

® Modified Robert Jones bandage (MRJB)

MRJB is defined as a three-layers of thick cotton wool and two-layers of elastic bandages.
The wool layers are put on firmly and overlapped the previous one by half at each turn. The elastic
layers were pulled snugly with more tension distally than proximally. Before wrapping in each turn,
the elastic bandage was stretched approximately 2 and 1.5 inches at below and above tibial
tuberosity level, respectively. The whole bandage attains a thickness of about 2 inches and extends
above the ankle joint to 6 inches above the knee joint. Before applying this bandage, the sterile
gauze pads were placed over the wound and followed by Webril™ padding (Covidien, Mansfield,

MA, US) (Figure 2).

Figure 2 Modified Robert Jones bandage (MRJB)



® Non-compressive dressing (NCD)
NCD is made by placing the sterile gauze pads over the wound and covering with the

hypoallergenic self-adhesive, non-woven fabric tape (Figure 3).

Figure 3 Non-compressive dressing (NCD)

® |nvisible blood loss (IBL)
IBL is invisible red blood cell (RBC) volume loss that can be calculated according to the

following steps: First, the patient’s blood volume (PBV) is calculated using the Nadler formula (20).

PBV(ml) = (k1 x height(m?®) + k2 x weight(kg) + k3) x 1,000

When k1= 0.3669, k2 = 0.03219, k3 = 0.6041 for men;

k1= 0.3561, k2 = 0.03308, k3 = 0.18331 for women
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Then, multiplying the PBV by the hematocrit (Hct) for giving the total RBC volume. The

change of RBC volume can be calculated from the change of Hct (21). In this study, total RBC

volume loss at postoperative 48 hours is calculated using the following formula.

Total RBC volume loss = PBV X (Preoperative Hct — Postoperative Hct at 48 hours)

At 24 hours after surgery, the volume of drained blood is measured and then multiplying by

the preoperative Hct for giving the drainage RBC volume at 24 hours. During 24-48 hours after

surgery, the volume of drained blood is measured and then multiplying by the postoperative Hct at

24 hours for giving the drainage RBC volume at 24-48 hours. The summation of drainage RBC

volume at 24 hours and at 24-48 hours is total drained RBC volume. If the patient receives blood

transfusion, the volume of packed red cell (PRC) is also recorded and multiplying by 70% of Hct for

giving the transfused RBC volume. Finally, IBL is calculated using the following formula.

IBL = (Total RBC volume loss + Transfused RBC volume) — Total drained RBC volume

® Degrees of knee and thigh swelling

Degrees of knee and thigh swelling are determined using the changes of knee and thigh

circumferences within 48 hours after surgery, respectively. Knee circumference is measured at mid-

patella, whereas thigh circumference is measured at 7 cm above the mid-patella (22). These values
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are recorded at preoperative, postoperative 24 and 48 hours. It is documented to the nearest 0.1 cm

with an ordinary tape measure.

® [ain scores at rest and during ambulation

These variables are the maximal pain scores at rest and during ambulation that assessed in

postoperative 24 and 48 hours. Visual analog scale (ranging from 0 to 10 with 0 being no pain and

10 being the worst imaginable pain) is used for scoring (23).

®  Amount of morphine use

Amount of morphine use (mg) is recorded in postoperative first and second days.

® Range of motion (ROM)

ROM is defined as the angular distance from active extension to active flexion of the knee.

This measurement is obtained by use of long-arm goniometer. The patient is positioned in supine.

The stationary arm is placed over the lateral epicondyle of femur and parallel to the lateral midline of

femur (through greater trochanter). The moving arm is placed lateral at the midline of fibula (through

the lateral malleolus). The angles are measured in extension position first, then in flexion position.

ROM is calculated from the flexion angle minus the extension angle. This value is expressed in

degrees.

® Oxford Knee Score (OKS)

OKS is a patient-reported outcome questionnaire that is developed for specially assessing

the outcome after TKA. This questionnaire consisted of 12 questions covering pain and function

associated with the knee. Currently, there is a Thai-version of OKS questionnaire that has been

assessed for reliability (Cronbach’s alpha > 0.8) (24). Score for each question ranges from 0 to 4 with
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4 being the best outcome. Thus, its summation produces the overall scores running from 0 to 48. The

Thai version of this questionnaire is shown in the Appendix 1.

® Timed up-and-go test (TUG)

TUG is one of performance-based test that used for measuring functional improvement after

TKA (25). It describes as time (seconds) taken to risen from a chair, walk three meters, turn, walk

back to the chair, then sit down. The patient may use a walking aid but may not be assisted by

another person (26). The details of TUG are shown in the Appendix 2.

® Complications

The complications that observed in this study include wound complications (ecchymosis,

blister, subcutaneous hematoma and superficial infection), deep periprosthetic joint infection,

peroneal nerve palsy and venous thromboembolism.

Research methodology

Research design

This study is conducted as a randomized controlled trial.

Population and sample

Target population

Patients who undergoing unilateral primary TKA

Study population

Patients who undergoing unilateral primary TKA at Siriraj hospital
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Inclusion criteria

® Patients who diagnosed primary osteoarthritis of knee and scheduled for unilateral primary

TKA

Exclusion criteria

® Patients who diagnosed inflammatory joint disease

® Patients who have coagulation disorders

® Patients who receive antiplatelet drug within the previous week

® Patients who receive anticoagulant drug

® Patients who have previous history of thromboembolic event

® Patients who have vascular compromise of the operated limb

® Patients who have chronic kidney disease or liver cirrhosis

® Patients who are allergic to tranexamic acid, sulfa or morphine

® Patients who can not follow the anesthetic protocol of this study

® Patients who refuse to participate the study

® Patients who have blood loss per wound after surgery are excluded from analysis

® Patients who have unintended drainage tube migration are excluded from analysis

Sample size calculation

The sample size estimation is based on the comparison of two independent means of IBL

after TKA. From the study in Asian patients, Shen et al. (27) found that the mean IBL was 793 ml with

standard deviation of 223 ml. A difference of 150 ml in IBL is considered as clinical relevance
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because it is similar to the content of one PRC unit. To obtain a power of 0.80 and an alpha value of
0.05 with two-sided test, 35 participants per group are calculated using the nQuery Advisor program.
Assuming a dropout rate of approximately 10%, this study thus aims to recruit a total of 80 patients

(40 patients per group). The formula for sample size calculation is shown as following.

(Z%+Z,8) o i

ul — u2

nper group = 2

When  ££1=Mean of IBL in NCD (793 ml)

/L 2 = Expected mean of IBL in MRJB (643 ml)

O = Pooled standard deviation (223 ml)

Randomization and concealment

After understanding all details of the protocol, all consecutive participants who meet the
eligible criteria and provide the written informed consent. The participants are randomly assigned
into each intervention via the block-of-ten randomization technique: group 1 or MRJB group (n = 40)
and group 2 or NCD group (n = 40). The randomized sequence is generated using computer

program and sealed in the opaque envelopes.

Research protocol

The same anesthetic protocol (spinal anesthesia without morphine, and adductor canal

block) was performed in all participants. Two experienced surgeons, who used the same surgical
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technique, were consigned to perform all procedures. According to our protocol, all patients

received 10 mg/kg of intravenous tranexamic acid (Transamin; 250 mg/5 ml, OLIC, Thailand) before

inflating tourniquet and 3 hours after the operation, then 1500 mg orally (Transamin; 250 mg/capsule,

OLIC, Thailand) per day for 5 days (28). A tourniquet pressure of 300 mmHg was inflated before skin

incision. Pre-incisional local skin injection with 10 ml of 1% lidocaine with adrenaline was done. A

mini-medial parapatellar approach was performed. Intramedullary femoral bone plug was inserted

before actual prostheses implantation. All patients received a cemented posterior-stabilized TKA

(Nexgen LPS-Flex, Zimmer, Warsaw, Indiana, USA) without patellar resurfacing. Before wound

closure, periarticular analgesic injection with 20 ml of 0.5% bupivacaine, 20 ml of normal saline, 30

mg of ketolorac and 1 ml of 1% lidocaine with adrenaline was performed. A number-10-gauge drain

was placed intra-articularly and connected to the Ultravak pressure drainage bottle (Poly Medicure

Limited, India). Extensor mechanisms were repaired and the wound closure was performed in the

routine fashion. At the end of operation, the randomization sequence was opened by a scrub nurse.

Then, the patients were divided into two groups; Group 1 or MRJB group and Group 2 or NCD

group. Each wound dressing was applied before deflating the tourniquet.

In the postoperative period, MRJB was left in place for 24 hours and then changed to NCD.

The three-hour interval drain clamping protocol was applied for both groups. After deflating the

tourniquet, the drain was clamped for 3 hours, released for 3 hours, re-clamped for 3 hours, and then

the clamp was run continuously (18). Mechanical prophylaxis of deep vein thrombosis by ankle

pumping exercise and ambulation on the bed was started as soon as possible. After 24 hours

postoperatively, ROM exercise and out-of-bed ambulation program were started. Ice packs were

placed around the knee for at least 8 hours per day. The drain was removed at 48 hours after
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surgery. All patients received the same postoperative pain management protocol that included 40

mg of intravenous parecoxib every 12 hours for 2 days then 25 mg of diclofenac, and 300 mg of

acetaminophen with 15 mg of codeine orally every 8 hours until discharge. Intravenous morphine 2

mg was given pro re nata (prn) for pain every 2 hours as a rescue drug. Patients who had blood loss

per wound or drainage tube migration were excluded from analysis. The patient flowchart was shown

in Figure 4.

In the first and second days after surgery, the maximum of visual analog pain scores (VAS)

at rest and during the ambulation were assessed in each day. The knee and thigh circumferences

were measured at 24 and 48 hours postoperatively. For evaluating blood loss and considering blood

transfusion, Hct levels were measured at 24 and 48 hours after surgery. If Hct level was less than

30% or the patient had the compromised clinical criteria (such as hypotension, tachycardia,

symptoms of anemia that were relative to the preoperative medical condition), one unit of PRC was

given. If Hct level was less than 24%, two units of PRC were transfused. The Hct level was

reevaluated at 4 hours after the end of transfusion and blood transfusion was considered again using

the same criteria. Drainage blood loss and amount of blood transfusion were recorded at 24 and 48

hours postoperatively. At discharge day, ROM and complications were assessed.

All participants were asked to visit the follow-up clinic at 2 and 6 weeks after operation. At 2

weeks, ROM and complications were reassessed. While, at 6 weeks, ROM, OKS and time used to

perform TUG and complications were evaluated.
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Data collection

All variables were recorded in case record forms (Appendix 3) that consisted of:

1. Demographic data and baseline characteristics

® Age (years)

® Gender (female or male)

®  Side (right or left)

® \Weight (kg)

® Height (cm)

® Preoperative ROM (degrees)

® Preoperative knee and thigh circumferences (mm)

® Preoperative OKS (scores)

® Preoperative Hct level (%)

®  QOperative time (min)

2. Primary outcome

The primary outcome in this study was IBL that calculated using these following variables;

® Preoperative Hct level

® Postoperative Hct level at 24 and 48 hours after surgery

® Amount of drainage blood loss at 24 and 48 hours after surgery

® Amount of blood transfusion at 24 and 48 hours after surgery

3. Secondary outcomes

® The changes of knee circumferences during 0-24 and 24-48 hours after surgery

18
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® The changes of thigh circumferences during 0-24 and 24-48 hours after surgery

® Maximal VAS (at rest and during ambulation) in postoperative first and second days

® Amount of morphine use in postoperative first and second days

® ROM at discharge, 2 and 6 weeks after surgery

® (OKS at 6 weeks after surgery

® Time used to perform TUG at 6 weeks after surgery

® The number of participants who had postoperative complications at discharge, 2

and 6 weeks after surgery

Data analysis

Part 1. Demographic data and baseline characteristics

Numerical data was presented with mean and standard deviation. Categorical data was

presented with frequency and percentage. These data are shown as the descriptive statistics without

any comparison between two groups.

Part 2: Outcomes of interest

Primary outcome in this study was IBL. However, to make it easy for understanding, all

relevant data would be also presented with mean and standard deviation. These data was consisted

of; IBL, PBV, total RBC volume, total drained RBC volume, transfused RBC volume, Hct levels at 24

and 48 hours, the changes of Hct level during first and second postoperative days, Drained blood

volume and drained RBC volume in first and second postoperative days.

For hypothesis testing, comparison of these variables between two groups was analyzed

using independent t-test for normally distributed data and Mann-Whitney U test for non-normally
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distributed data. The statistically significant difference was considered when p-value was less than

0.05. The mean difference and 95% confidence interval were also analyzed for each variable.

However, if baseline characteristics had the lack of balance, the multivariable analysis would be

performed.

Furthermore, for blood transfusion data, the number of patients who received blood

transfusion in each group was recorded and compared using Chi-square or Fisher exact test.

Part 3: Secondary outcomes

The changes of knee and circumferences during 0-24 and 24-48 hours after surgery,

maximal VAS (at rest and during ambulation) in postoperative first and second days, amount of

morphine use in postoperative first and second days, ROM, OKS and time used to perform TUG

were presented with mean and standard deviation. Statistical method used for comparing these data

between two groups was independent t-test for normally distributed data and Mann-Whitney U test

for non-normally distributed data. The numbers of participants who had postoperative complications

at discharge, 2 and 6 weeks after surgery in each group were presented as frequency and

percentage and compared using Chi-square test or Fisher exact test. If there were any missing data,

the intention to treat analysis and per-protocol analysis would be performed.

Ethical considerations

The protocol had to be approved by the institutional review board of Faculty of Medicine,

Siriraj Hospital, Mahidol University and Faculty of Medicine, Chulalongkorn University before the

beginning of the study. All participants had to be informed about all details of the protocol, potential
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risks and benefits. After understanding the protocol, the participants who had voluntariness to

participate to the study were asked for providing the written informed consents.

This study was a thesis that is a part of the requirements for the Degree of Master of Science

in Health Development, Faculty of Medicine, Chulalongkorn University. This purpose was a non-

financial secondary interest of the investigator. However, it was not likely to jeopardize participant

safety or bias the investigator’s decision-making.

All data was collected in care record form and recorded in electronic database using the

study codes for maintaining the patients’ confidentiality. The access to data is strictly limited for the

principle investigator only. For public transferring, the data was presented in general, not presented

in individual.

Either MRJB or NCD was still used and accepted in the orthopedic practice with minimal

adverse events. However, their comparative efficacy is uncertain. Thus, it was reasonable to conduct

this study. This study was registered in ClinicalTrial.gov (NCT02701946).
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CHAPTER 4
RESULTS

Between March 2016 and January 2017, a total of 86 participants were assessed for

eligibility. Six participants were excluded due to chronic kidney disease (1 case), liver cirrhosis

(2 cases) and inability to follow the anesthetic protocol (3 cases). Thus, the remaining of 80

participants were enrolled and randomly assigned into each intervention group (40 participants per

group). However, 5 participants in each group who had blood loss per wound or drainage tube

migration after surgery were excluded from analysis. Finally, 35 participants in each group were

recruited for analysis in this study. The CONSORT diagram was used for displaying the flow of

participants through each stage of this study (Figure 5).

The participants’ characteristics in each group were shown in Table 1. For the blood loss

data, although MRJB group had significantly higher PBV than NCD group (3,793.0 + 698.9 ml vs

3,471.3 £385.0 ml, p = 0.021), total RBC volume loss, total drained RBC volume and transfused RBC

volume were comparable between two groups. For the primary outcome of this study, there was no

significant difference of IBL between MRJB and NCD groups (221.2 + 233.3 ml vs 158.5 + 186.7 ml,

p = 0.219). The mean difference of IBL was 62.62 ml (95% confidence interval, -38.17 ml to 163.41

ml). The similar results were demonstrated for Hct levels at 24 and 48 hr, the change of Hct level,

and drained blood volume (Table 2). Additionally, in terms of blood transfusion rate, seven patients in

each group received blood transfusion (20% vs 20%, p = 1.000).
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For the secondary outcomes, there were no significant differences of preoperative and the
changes of knee and thigh circumferences, VAS at rest and during ambulation, and amount of
morphine usage in either postoperative 1% or 2™ day between two groups. At discharge, ranges of
motion were similar between both groups (Table 3). For the postoperative complications, six patients
in MRJB group had the skin complications (five ecchymosis and one subcutaneous hematoma),
while three ecchymosis and one subcutaneous hematoma were observed in NCD group (p = 0.495).
All patients had recovered by treating conservatively. No patients in this study had blister, peroneal

nerve palsy and venous thromboembolism.
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Table 1 Participants’ characteristics

MRJB group NCD group
Characteristics (n =35) (n =35)
Age (years) 69.3+8.2 71.0+8.3
Gender (female : male) 28:7 33:2
Side (right : left) 22:13 20:15
Weight (kg) 65.2+14.0 60.4 £9.4
Height (cm) 1565+ 7.5 1524 +54
BMI (kg/m°) 26.5+5.0 26.0+3.8
Preoperative ROM (degrees) 116.9 £ 15.7 110.1 £ 16.7
Preoperative Hct (%) 39.3+4.2 38.6 +3.9
Operative time (min) 81.9+24.2 73.2+15.1
Preoperative OKS (points) 26.7 £ 5.7 254+ 7.1

MRJB = modified Robert Jones bandage, NCD = non-compressive dressing, BMI = body mass index,

ROM = range of motion, OKS = Oxford knee score
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At the follow-up period, ROM at 2 and 6 weeks were comparable between groups. For the

functional outcomes assessment, there was no significant difference of OKS at 6 weeks between two

intervention arms (34.8 + 56 vs 35.3 = 5.8, p = 0.722). To compare the performance-based

outcomes, MRJB group used the time of 16.5 + 7.5 sec while NCD group used the time of

17.6 £ 11.4 sec to perform the TUG test (p = 0.769) (Table 3). There were no additional adverse

events in both groups during the follow-up period.
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MRJB group NCD group Mean 95% CI of differences
Outcomes (n=235) (n=235) difference Lower Upper p-value
bound bound

Invisible blood loss (ml) 221.2 +233.3 158.5 £ 186.7 62.62 -38.17 163.41 0.219
Patient’s blood volume (ml) 3,793.0£698.9 3,471.3£385.0 321.73 51.19 592.28 0.021
Total RBC volume loss (ml) 291.8+214.2 227.9+140.5 63.92 -22.48 150.32 0.375*
Total drained RBC volume (ml) 117.4 £ 90.2 117.8 £ 61.1 -0.42 -37.27 36.42 0.982
Transfused RBC volume (ml) 46.7 £ 95.6 48.4 +98.5 -1.72 -48.00 44.56 0.906*
Hct at 24 hours (%) 326 +4.0 31.7+33 0.93 -0.82 2.68 0.294
Hct at 48 hours (%) 32.0+3.1 32135 -0.11 -1.68 1.45 0.885
The change of Hct (%)

within 0-24 hours 6.7+4.1 6.9+36 -0.22 -2.04 1.60 0.811

within 24-48 hours 0.6+3.3 -0.4+3.1 1.04 -0.49 2.58 0.179

within 0-48 hours 7343 6.5+38 0.82 -1.11 2.76 0.398
Drained blood volume (ml)

within 0-24 hours 204.9 + 160.5 206.0 + 108.9 -1.14 -66.55 64.26 0.972

within 24-48 hours 108.7 £ 99.5 118.3£93.2 -9.57 -565.55 36.40 0.544*

within 0-48 hours 313.6 £ 232.9 324.3+166.6 -10.71 -107.48 86.05 0.826
Drained RBC volume (ml)

within 0-24 hours 81.3+67.3 79.8+43.1 1.49 -25.47 28.45 0.912

within 24-48 hours 36.1+34.2 38.0+31.3 -1.91 -17.57 13.74 0.580*

within 0-48 hours 117.4 £ 90.2 117.8 £ 61.1 -0.42 -37.27 36.42 0.982

* Mann-Whitney U test used when data were not normally distributed

MRJB = modified Robert Jones bandage, NCD = non-compressive dressing, Cl = confidence interval, RBC = red blood cell , Hct = hematocrit
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Table 3 Secondary outcomes in the study

MRJB group  NCD group Mean 95% ClI of differences

Outcomes (n=235) (n=35) difference Lower Upper p-value

bound bound

Knee circumference (mm)

Preoperative 3741 +£435 375.1+20.7 -1.00 -17.36 15.36 0.903
The change in i day 15.0+17.0 16.4 £14.5 -1.43 -8.96 6.11 0.609*
The change in 2" day 7.3+13.8 -0.5+20.0 7.83 -0.36 16.02 0.031*
Overall change 223+216 159+225 6.40 -4.11 16.91 0.228

Thigh circumference (mm)

Preoperative 416.3£51.3 407.1+35.7 9.20 -11.94 30.34 0.525*
The change in 1 day 16.4+212 219164 -5.51 -14.56 3.53 0.174*
The change in 2" day 6.7 £13.3 6.9+12.8 -0.20 -6.43 6.03 0.572*
Overall change 23.1+21.0 28.8+185 -5.71 -15.14 3.71 0.231

VAS of postoperative 1 day
At rest 1.5+£19 1.5+£20 -0.09 -1.02 0.85 0.883*
During ambulation 15+23 20+25 -0.49 -1.63 0.66 0.369*
VAS of postoperative 2" day

At rest 1.5+£2.0 15+£23 -0.06 -1.09 0.97 0.812*

During ambulation 1.7+£23 1.3+£20 0.37 -0.64 1.39 0.506*
Morphine usage (mg)

In postoperative 1 day 1.0+0.9 1.9+21 -0.93 -1.71 -0.15 0.090*

In postoperative 2" day 14+20 1.5+19 -0.14 -1.08 0.79 0.556*

Total 24+24 34+29 -1.07 -2.34 0.20 0.115*

ROM (degrees)

At discharge 84.9+10.0 853+104 -0.43 -5.29 4.44 0.640*
At 2 weeks 93.7 £10.1 94.4£9.2 -0.71 -5.32 3.90 0.578*
At 6 weeks 105.6 £12.0 106.3 £10.9 -0.71 -6.19 4.76 0.753*
OKS at 6 weeks 34.8+5.6 35.3+£5.8 -0.49 -3.20 2.23 0.722
TUG at 6 weeks (sec) 16.5+7.5 176114 -1.14 -5.74 3.46 0.769"

* Mann-Whitney U test used when data were not normally distributed
MRJB = modified Robert Jones bandage, NCD = non-compressive dressing, Cl = confidence interval,

VAS = visual analogue pain score, ROM = range of motion, OKS = Oxford knee score, TUG = timed up-and-go test
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CHAPTER 5
DISCUSSION

The MRJB is one of the commonly used dressings in posttraumatic and postoperative

period. It was claimed to use for reducing bleeding and soft tissue edema (10). However, due to the

limited data, it is unclear whether the MRJB provides the benefits over a NCD or conventional

dressing especially in patents who undergo TKA.

The significant blood loss is the important issue that must be considered in TKA. IBL is the

major part of blood loss, which is not recognized by usual practice of assessing intraoperative loss

and postoperative drainage. In our study, the amount of IBL is accounted for 66.9% of total RBC loss.

By theoretically sound, the tamponade effect of MRJB should help to reduce the knee space and IBL

after TKA. However this potential benefit of MRJB is still unclear. We therefore compared IBL in

primary TKA patients who had MRJB and NCD applied.

To our knowledge, this is the first study that focuses on the efficacy of MRJB on reducing

IBL after TKA. The most important finding of this study is no significant difference of IBL between

using MRJB and NCD. The similar results are found in drained blood volume, transfused blood

volume, blood transfusion rate and the change of Hct level. From these results, we believe that the

pressure from MRJB is not enough to create the tamponade effect in the knee.

When compare to another study, the RCT of Pinsornsak et al. (14) revealed that there were

no significant differences on drainage blood loss, blood transfusion, pain score, opiate use between

using MRJB and NCD. Nevertheless, the authors did not focus on IBL. In the studies comparing
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MRJB with cold compressive dressing, Web et al. (15) conducted a RCT and found that wool and

crepe dressing had more blood loss and higher opiate requirement than cold compressive dressing.

The RCT of Gibbons et al. (16) also revealed that MRJB had more drained blood loss than cold

compressive dressing. However, another RCT of Smith et al. (17) reported that there were no

significant differences on drained blood loss, blood transfusion, pain score and opiate use between

MRJB and cryotherapy.

For the efficacy on reducing the soft tissue swelling and effusion in the knee, Pinsornsak et

al. (14) reported that there were no differences in the changes of thigh and leg circumferences at first

and second days after TKA between using MRJB and NCD. Nevertheless, they measured at 10 cm

above and below the lower pole of the patella for detecting thigh and leg circumferences,

respectively. In our study, we measured the knee circumference at mid-patella that determined the

knee swelling directly. For the thigh circumference, we measured at 7 cm above the patella that

correlated to the suprapatellar pouch area (22). We believed that this method was more proper to

detect the effusion and soft tissue swelling around the knee. However, we could not identify the

significant difference of knee swelling between MRJB and NCD groups.

For another secondary outcomes, we also could not determine the benefit of MRJB over

NCD in postoperative pain score, amount of morphine usage, ROM at discharge and 2 weeks

postoperatively. For the safety evaluation, there were no significant differences of complications

between using MRJB and NCD. All complications occurred in this study were minor and could be

resolved by conservative treatment.
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To assess the functional outcomes at, this study used either patient-reported or

performance-based measure of physical function. OKS was the patient-reported outcome that had

good validity and reliability (24). While, TUG was a short and simple performance-based test that

was recommended for musculoskeletal conditions. This test could be assess the strength, agility and

dynamic balance during multiple activities including sit-to-stand, walking for short distance and

change the direction whilst walking (29). Previous study had reported the time used to do TUG of

14.6 £ 12.3 sec and 9.7 + 2.7 sec at 1 and 3 months after TKA, respectively (30). Nevertheless, the

authors did not state the type of dressing. In this study, we found that there were no significant

differences of OKS at 6 weeks between groups. The time used to perform TUG for MRJB and NCD

group were 16.5 £ 7.5 sec and 17.6 £+ 11.4 sec, respectively. There were also not reached the

statistically significant difference.

There are several limitations in this study. First, this study was conducted in unilateral

primary osteoarthritis. The generalizability of the results to bilateral TKA, secondary osteoarthritis or

inflammatory arthritis was limited. Furthermore, from the exclusion criteria, our results also could not

apply to the patients who had bleeding or coagulation disorder. Second, although we tried to

standardize the technique of MRJB bandaging, we did not measure and control the subbandage

pressure. So there was the difference of pressure in each application. However, the measurement of

subbandage pressure was not routinely used in clinical practical. Third, we used the tranexamic acid

and three-hour interval drain clamping for controlling blood loss. The results might be different when

using another protocols.
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CHAPTER 6
CONCLUSION AND RECOMMENDATION

This study cannot determine the benefit of MRJB over NCD with regard to 1) reduction of
IBL, drained blood loss, blood transfusion rate, knee swelling, postoperative pain and morphine
usage, 2) maintenance of postoperative Hct levels, 3) improvement of ROM at discharge,
postoperative 2 and 6 weeks, and 4) enhance the functional outcomes including OKS and time used
to do TUG at 6 weeks after TKA. Therefore, we suggest that the use of MRJB may not be necessary

after unilateral primary TKA.
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Appendix 1

Thai version of Oxford Knee Score questionnaire
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Appendix 2

Timed up-and-go test

Time up and go test
Adapted from Dobson F, Hinman RS, Roos EM, Abbott JH, Stratford P, Davis AM, Buchbinder R, Snyder-Mackler L,

Henrotin Y, Thumboo J, Hansen P, Bennell KL. OARSI recommended performance-based tests to assess physical function
in people diagnosed with hip or knee osteoarthritis. Osteoarthritis Cartilage. 2013;21(8):1042-52.
doi:10.1016/j.joca.2013.05.002.
Purpose
A test incorporating multiple activity themes including a test of sit-to-stand activity, a test of walking short
distances and a test of changing direction during walking, and the transitions between the activities. It is also a
test of strength, agility and dynamic balance.
Description
Time (seconds) taken to rise from a chair, walk 3 m, turn, walk back to the chair, and then sit down. The
participant is allowed for wearing regular footwear and using a walking aid if required.
Equipment

O Timer/stop watch

O  Standard chair with arm rests: Seat height approximately 44 cm and arm rest height approximately 65

cm

O  Tape or other marker on floor 3 m, away from the chair
Preparation

Environment

O  Ensure the chair cannot slide backwards by placing the back of chair against a wall.

O  Tape or other marker on the floor that is easily seen by the participant with enough room to turn safely.
Participant

O  Comfortable walking footwear should be worn.

O  Sits in the chair with the back resting on the back of the chair and hands on arm rests.

O May use usual walking aid but may not assisted by another person.
Tester

O  If safety is of concern, the tester stands to the side of the chair, then follows the participant to guard

slightly behind and to one side but not as to pace or impeded turn.

O If there is no concern for safety, the tester remains at the start/finish position beside the chair.
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Case record form

ID number:

Patient’s characteristics

1. Age: ______years
2. Gender: [1] Female’
3. Side: [ 1Right’
4. Weight: kg

5. Height: ___c¢cm
6. Preop ROM:  Ext ___deg
7. Preop circumference:

8. Preop Hct: %

Postoperative day 1

N

. Operative time:
2. Postop Hct at 24 hr:

3. Drainage blood loss:
4. Blood transfusion:

5. Circumference:

6. Pain score (VAS 0-10):
7. Morphine use:
Postoperative day 2

1. Postop Hct at 48 hr:

2. Drainage blood loss:
3. Blood transfusion:

4. Circumference:

5. Pain score (VAS):

6. Morphine use:

At discharge

1. ROM:

2. Complications:
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Appendix 3

Case record form

[] Male'
[ ]Left

Flex ___deg

Knee___mm Thigh__mm

Knee mm  Thigh mm

At rest During ambulation

___mg

%

ml

ml

Knee___mm Thigh___mm

Atrest During ambulation ___

—__mg

Ext ___deg Flex ___deg

Blister () Yes () No
Ecchymosis () Yes () No
Subcutaneous hematoma () Yes () No
Peroneal nerve palsy () Yes () No
Infection () Yes () No
VTE () Yes () No
Other




Postoperative 2 weeks
1. ROM:

2. Complications:

Postoperative 6 weeks
1. ROM:
2. OKS:

3. Time up and go test:

4. Complications:

42

Ext___ deg Flex ___deg
Peroneal nerve palsy () Yes () No
Infection () Yes () No
VTE () Yes () No
Other
Ext __ deg Flex ___deg
___ scores

sec
Infection () Yes () No
VTE () Yes () No
Other

Note: Hct = hematocrit, VAS = visual analog scale, ROM = range of motion,

OKS = Oxford knee score (0-48 with 48 being the best outcome),

VTE = clinical venous thromboembolism



Appendix 4

Certificate of Approval from Siriraj Institutional Review Board

2 WANGLANG Rd. BANGKOKNOI Tel. +66 2419 2667-

BANGKOK 10700 Fax. +66 2411 0162

Siriraj Institutional Review Board

Certificate of Approval

COA no._57098/2016

Protocol Title . Efficacy of modified Robert Jones bandages on reducing invisible blood loss after total knee

arhroplasty: A randomized controlled trial
Protocol number :  785/2558(EC3)

Principal Investigator/Affiliation: Dr.Chaturong Pornrattanamaneewong, M.D. / Department of Orthopaedic Surgery

and Physical Therapy, Faculty of Medicine Siriraj Hospital, Mahidol University

Research site : Faculty of Medicine Siriraj Hospital

Approval includes :

SIRB Submission Form
Participant Information
Informed Consent Form

Case record form

2 S

Curriculum vitae

Approval date February 10, 2016

Expired date : February 9, 2017

This is to certify that Siriraj Institutional Review Board is in full compliance with international guidelines for human
research protection such as the Declaration of Helsinki, the Belmont Report, CIOMS Guidelines and the International Conference

on Harmonization in Good Clinical Practice (ICH-GCP)

16 FEB 2016

(Prof. Chairat Shayakul, M.D.) date
Chairperson
wt b 17 FEB 2016
(Prof.Dr. Prasit Watanapa, M.D., Ph.D.) date

Dean of Faculty of Medicine Siriraj Hospital
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Appendix 5

Participant sheet approved by Siriraj Institutional Review Board
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Certificate of Approval from Institutional Review Board, Chulalongkorn University

Appendix 6

——3 COA No. T90/2016
HE No. 405/59
INSTITUTIONAL REVIEW BOARD

Faculty of Medicine, Chulalongkom University
1875 Rama 4 Rosd, Patumrwan, Bangkok 10330, Thakary, Tel 662-256-4493

Certificate of Approval
The hstitutionzl Reviow Board of the Faculty of Mediine, Chualongkom Unrenty, Bangkok,

Thaland, has approved the followks study in compliance with the Intemationsl gudelnes for buman
research proRection as Dedaration of Helsink, The Belmont Repor, OOMS Gudelne and termatianal
Canference an Famenizaton in Good Qinkcal Practice (ICH-GCF)

Study Tile - Effcocy of moditied Hobart Jores bandages on recuing invisine blocd

oss after total knse artroplasty: A randamized controkied nal

St{ndy Cade

Principal Fnvestigator Chationg Forn@itanamanesvwang, M0

Affilistion of P tarter of Science in Health Devwatopmaent

Resdew Method : Full board

Cantinuing Report * At teast once annually o submit the final repart ¥ finished.

Dacument Revievsed

1

2
-

3

fecearth Proposal Verson 2.0 Date 26 September 2016

Protocel Synopsks Version 2.0 Date 26 Septembar 2016

foomation sheet foe ressarch patcipant Version 20 Date 26 Septermber 2016
vécimed consent for participating walurveers Version 2.0 Date 26 September 2016

Case recoed foom Version 2.0 Date 26 Septembar 2016
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Participant sheet approved by Institutional Review Board, Chulalongkorn University
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