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Abstract
Background: The purpose of this meta-analysis was to assess the effects of Modified Robert Jones Bandage (MRJB) in primary
total knee arthroplasty (TKA).

Methods: PubMed, EMBASE, the Cochrane Library, Web of Science, and Google Scholar were systematically searched for
randomized controlled trials (RCTs). All RCTs were compared to receive either MRJB (study group) or conventional wound dressing
(control group) in TKA. Statistical analysis was assessed using RevMan 5.3 software.

Results:A total of 5 RCTs involving 362 patients were included in the meta-analysis. No significant difference between the 2 groups
was found in terms of total blood loss (Mean difference [MD], –25.41; 95% confidence interval [CI], –90.52 to 39.70; P= .44), intra-
operative blood loss (MD, –13.77; 95% CI, –31.84 to 4.29; P= .14), drain blood loss (MD, 0.83; 95% CI, –30.07 to 31.72; P= .96),
and transfusion rate (risk ratio, 0.95; 95% CI, 0.55–1.64; P= .86); There was also no significant difference in terms of range of motion
(MD, –0.93; 95%CI, –3.64 to 1.79; P= .50), visual analog scale pain sores (MD, –0.02; 95%CI, –0.34 to 0.30; P= .90), and operative
time (MD, –3.12; 95% CI, –13.42 to 7.18; P= .55), without increasing the risk of wound-related complications (risk ratio, 0.75; 95%
CI, 0.27–2.08; P= .58) in both groups. No deep venous thrombosis occurred in all studies.

Conclusions: The current meta-analysis of the available evidence indicates patients with MRJB had not required the additional
advantage compared to the conventional wound dressing for TKA. However, more high-quality studies are needed to confirm the
above conclusions.

Level of Evidence: Level I, therapeutic study.

Abbreviations: CI= confidence interval, DVT= deep venous thrombosis, MD=Mean difference, MRJB=Modified Robert Jones
Bandage, RCTs = randomized controlled trials, ROM = range of motion, TKA = total knee arthroplasty, VAS = visual analog scale.
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1. Introduction

Total knee arthroplasty (TKA) is a successful method for the
treatment of end-stage knee osteoarthritis.[1,2] However, TKA is
associated with extensive perioperative bleeding caused by
surgical trauma and the use of pneumatic tourniquet leading
to fibrinolysis,[3,4] which is still associated with knee swelling and
decreased extension strength, as well as an important factor in
delaying the recovery of patients.[5,6] Various materials and
application techniques, including cold compress,[7] elastic
bandage,[8] and compression dressing,[9] have been widely
established to reduce bleeding and swelling of the knee joints.
In recent years, as a bulky compression dressing, the Modified

Robert Jones Bandage (MRJB) is often used to reduce blood loss,
visual analog scale (VAS) pain and swelling during TKA.[7,10,11]

Theoretically, the MRJB can reduce intra-articular bleeding by
providing knee joint tamponade, and reduce soft tissue edema by
increasing intra-cellular pressure, thereby helping lower limb
venous reflux.[12,13] However, some authors reported the
opposite view that it is not associated with reducing blood loss
and that it can potentially increase complications[7,14] including
peroneal paralysis, pressure ulcers, bruise, and blisters, which
may limit its use.
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Although most studies[7,10,11,15,16] have been investigated for
MRJB efficacy in TKA, however, to our knowledge, it is not clear
that the potential advantages of MRJB outweigh its disadvan-
tages. Therefore, the current authors performed an meta-analysis
to assess the highest evidence-based (level I) studies to investigate
the effectiveness of MRJB in TKA in terms of blood loss,
including total blood loss, intra-operative blood loss, drain blood
loss, and transfusion rate; range of motion (ROM), VAS pain
scores, and operative time; wound-related complications and
deep venous thrombosis (DVT).
2. Materials and methods

The meta-analysis was reported according to the PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-
analyses) checklist,[17] and ethical approval for this study was
unnecessary because the data are extracted from previously
published studies.
2.1. Search strategy

The following electronic databases were carefully searched,
including PubMed (1996 to October 2018), Embase (1980 to
October 2018), and the Cochrane Library (CENTRAL, October
2018). To search more potentially eligible studies, the Google
Scholar was also searched ending up to October 2018. The
following keywords were used (Modified Robert Jones bandage
or Robert Jones bandage or bandage or compressing) AND (total
knee arthroplasty OR total knee replacement OR TKA OR
TKR). Only randomized controlled trials (RCTs) were included
in the current meta-analysis.

2.2. Inclusion criteria

Eligible studies were considered if they met the following criteria:
PICOS (population, intervention, comparator, outcome, study
design). Population: patients were performed for primary TKA;
Intervention: the intervention was the application of MRJB for
blood loss and pain management (study group); Comparison: the
comparator was placebo or conventional wound dressing for
TKA (control group); Outcomes: total blood loss, intra-operative
blood loss, drain blood loss, transfusion rate, ROM, VAS sores
operative time, wound-related complications, and thrombosis;
Study design: RCTs. All included studies were entered into
Endnote X7. Next, 2 reviewers independently excluded the study
based on the title and summary. The disagreement was resolved
through discussions with the third reviewer.

2.3. Data extraction

Two reviewers independently collected available data and clinical
outcomes from the eligible studies in pre-defined data fields, and
any disagreement between the 2 reviewers is judged by a third
reviewer. The information from RCT studies included first
authors, publication data, age, sex, number of patients, interven-
tionmethod, tourniquet, anddrain. The blood loss and transfusion
rate were primary outcomes in our meta-analysis. Secondary
outcomes consisted of VAS pain scores, ROM, operative time,
wound-related complications, and thrombosis.

2.4. Assessment of methodological quality

Two reviewers assessed independently the methodological
quality of the included studies which were performed by the
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Cochrane Collaboration for Systematic Reviews,[17] including
assessment of random sequence generation, allocation sequence
concealment, blinding of participants and personnel, blinding of
outcomes assessment, incomplete outcome data, selective
reporting, and other bias. The overall methodological quality
of each included study was characterized as “Yes” (low risk of
bias), “No” (high risk of bias), or “Unclear” (unclear risk of
bias). Differences will be resolved by consensus after discussion
and, if necessary, a third reviewer will be consulted.
2.5. Data synthesis

Statistical analyses of the meta-analysis were used the RevMan 5
software (Version 5.3, the Cochrane Collaboration). For
continuous data, the mean difference (MD) and 95% confidence
interval (CI) were calculated. For discontinuous data, the risk
ratio and 95% CI were calculated. The chi-squared test and I2

statistic were performed to assess the statistical heterogeneity. On
the basis of statistical heterogeneity, the fixed-effects model was
chosen if the chi-squared test>0.1 or the I2<50%; otherwise, the
random-effects model was chosen. P value <.05 was considered
to be statistically significant. Transfusion rates and wound-
related complications were also used to assess publication bias. If
the funnel graph is symmetrical, the publication bias is low, and
vice versa.
3. Results

3.1. Search results

The PRISMA flow diagram is indicated in Figure 1. A total of 294
studies were screened out by the initial search, and 216 studies
were removed according to the title and abstract, the remaining
78 were read in full-text. After reading the full text, 73 was
excluded because it did not meet the inclusion criteria.
Consequently, 5 independent RCTs[7,10,11,15,16] finally met the
pre-defined inclusion criteria in this meta-analysis.

3.2. Study characteristics

The total sample size was 362 patients in primary TKA,
comprising 179 patients in the study group and 183 patients in
the control group. The sample size of the included studies ranged
from 30 to 44, and the average age of participants ranged from
69.11 to 72.1years. The bandage time in all studies ranged from
24hours to 48hours. All but 1 study[16] involved the tourniquet,
of which 274 patients used tourniquets, accounting for 75.69%
of the total. The drainage tube was used in 4 studies,[7,10,11,15] of
which 274 patients involved drainage tube, accounting for
75.69% of the total. Table 1 summarizes the basic characteristics
of all studies.
3.3. Risk of bias assessment

Risk of bias assessments is presented in Table 2. Among the 5
RCTs, all studies reported random sequence generation. Three
studies[10,15,16] described allocation concealment and blinded. All
of the RCTs described the incomplete outcome data, selective
reporting, and other biases. The meta-analysis independently
used funnel plots of transfusion rates and wound-related
complications to assess publication bias; the results were
symmetrical and the publication bias was low (Fig. 2A, B).



Figure 1. Preferred reporting items for systemic reviews and meta-analyses (PRISMA) flow diagram of literature selection.

Table 1

Characteristics of included studies.

Age No. of patients Sex (M/F) Intervention method

First authors (date) Diseases CC SC CC SC CC SC CC SC Tourniquet Drain

Gibbons et al 2001[7] OA; RA 70 71 30 30 11/19 14/16 The cold therapy for 1 h MRJB for 48h Yes Yes
Pinsornsak and

Chumchuen 2013[10]
OA 70.23 69.20 30 30 5/25 5/25 The conventional dressing MRJB for 24h Yes Yes

Smith et al 2002[11] OA 72.1 72 44 40 21/23 21/19 The cold therapy for 24 h MRJB for 24h Yes Yes
Pornrattanamaneewong

et al 2018[15]
OA 71.0 69.3 35 35 2/33 7/28 Non-compressive dressing

placed the gauze pads
MRJB for 24h Yes Yes

Yu et al 2018[16] OA 69.11 69.32 44 44 10/34 10/34 The conventional dressing MRJB for 24h No no

CC= control group, F= female, h=hours, M=male, MRJB=Modified Robert Jones Bandage, No=number, OA= osteoarthritis, RA= rheumatoid arthritis, SC= study group.
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Table 2

Quality assessment of included studies.

Studies (years)

Random
sequence
generation

Allocation
sequence

concealment

Blinding of
participants
and personnel

Blinding of
outcomes
assessment

Incomplete
outcome
data

Selective
reporting

Other
bias

Gibbons et al 2001[7] Yes Unclear Unclear Unclear Yes Yes Yes
Pinsornsak and

Chumchuen 2013[10]
Yes Yes Yes Yes Yes Yes Yes

Smith et al 2002[11] Yes Unclear Unclear Unclear Yes Yes Yes
Pornrattanamaneewong

et al 2018[15]
Yes Yes Yes Yes Yes Yes Yes

Yu et al 2018[16] Yes Yes Yes Yes Yes Yes Yes

Yes (low risk of bias), No (high risk of bias), Unclear (unclear risk of bias).
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3.4. Meta-analysis result
3.4.1. Total blood loss. A total of 2 studies[15,16] including 158
patients reported the total blood loss (79 patients in the control
group and 79 patients in the study group). Pooled results showed
that there was no significant difference between the 2 groups in
total blood loss (MD, –25.41; 95%CI, –90.52 to 39.70; P= .44).
A fixed effects model was used in this study because there was no
significant statistical heterogeneity (P= .17, I2=48%) (Fig. 3).

3.4.2. Intra-operative blood loss. A total of 3 studies[10,15,16]

including 218 patients reported the intra-operative blood loss
(109 patients in the control group and 109 patients in the study
group). Pooled results showed that there was no significant
difference between the 2 groups in intra-operative blood loss
(MD, –13.77; 95% CI, –31.84 to 4.29; P= .14). A fixed effects
model was used in this study because there was no significant
statistical heterogeneity (P= .61, I2=0%) (Fig. 4).

3.4.3. Drain blood loss. A total of 2 studies[10,15] including 130
patients reported the drain blood loss (65 patients in the control
group and 65 patients in the study group). Pooled results showed
that there was no significant difference between the 2 groups in
drain blood loss (MD, 0.83; 95%CI, –30.07 to 31.72; P= .96). A
fixed effects model was used in this study because there was no
significant statistical heterogeneity (P= .96, I2=0%) (Fig. 5).

3.4.4. Transfusion rate. A total of 4 studies[7,10,15,16] including
278 patients reported the drain blood loss. Transfusions were
reported in 20 of 139 patients (14.39%) in the control group,
Figure 2. Publication bias: (A) Transfusion
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compared with 21 of 139 patients (15.11%) in the study group.
Pooling the data demonstrated patients in the study group had
similar benefits for transfusion requirements compared with the
patients in the control group (risk ratio, 0.95; 95% CI, 0.55–
1.64; P= .86). A fixed effects model was used in this study
because there was no significant statistical heterogeneity (P= .97,
I2=0%) (Fig. 6).

3.4.5. VAS pain scores. A total of 4 studies[10,11,15,16] including
302 patients reported the VAS pain scores (153 patients in the
control group and 149 patients in the study group). Pooled results
showed that there was no significant difference between the 2
groups in VAS pain scores (MD, –0.02; 95% CI, –0.34 to 0.30;
P= .90). A fixed effects model was used in this study because there
was no significant statistical heterogeneity (P= .20, I2=36%)
(Fig. 7).

3.4.6. Operative time. A total of 2 studies[10,15] including 130
patients reported the operative time (65 patients in the control
group and 65 patients in the study group). Pooled results showed
that there was no significant difference between the 2 groups in
operative time (MD, –3.12; 95% CI, –13.42 to 7.18; P= .55). A
random- effects model was used in this study because there was
no significant statistical heterogeneity (P= .10, I2=64%) (Fig. 8).

3.4.7. Range of motion. A total of 3 studies[10,15,16] including
242 patients reported the ROM (123 patients in the control
group and 119 patients in the study group). Pooled results
showed that there was no significant difference between the 2
rate; (B) Wound-related complications.



Figure 3. Total blood loss forest plot analysis.

Figure 4. Intra-operative blood loss forest plot analysis.

Figure 5. Drain blood lossforest plot analysis.

Figure 6. Transfusion rate forest plot analysis.

Figure 7. VAS pain scores forest plot analysis. VAS = visual analog scale
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Figure 8. Operative time forest plot analysis.

Figure 9. ROM forest plot analysis. ROM = range of motion.
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groups in ROM (MD, –0.93; 95% CI, –3.64 to 1.79; P= .50). A
fixed effects model was used in this study because there was no
significant statistical heterogeneity (P= .80, I2=0%) (Fig. 9).

3.4.8. Wound-related complications and DVT. A total of 4
studies[7,10,15,16] including 278 patients reported relevant data
regarding wound-related complications (139 patients in the
control group and 139 patients in the study group). Six (4.32%)
wound-related complications occurred in the control group
compared with 8 (5.76%) in the study group, no significant
difference was found between the 2 groups (risk ratio, 0.75; 95%
CI, 0.27–2.08; P= .58) (Fig. 10). No DVT occurred in all studies.

4. Discussion

This is the first systematic review and meta-analysis of the effect
of MRJB in TKA. Knee swelling is caused by intra-articular
bleeding and periarticular inflammation and is an important
factor hindering the accelerated recovery of patients.[18,19,20] As
previously reported,[7,11,15] TKA patients are usually treated with
MRJB compression to reduce intra-articular bleeding and
swelling of the soft tissue. However, it is not clear whether
MRJB has an advantage over traditional dressing in TKA.
Therefore, the authors performed this meta-analysis.
Figure 10. Wound-related comp
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The most important finding of this study is no significant
difference in total blood loss, intra-operative blood loss, drain
blood loss, and transfusion rate between the control and study
groups. The similar results are found in ROM, VAS pain scores,
operative time, and knee swelling. In terms of safety evaluation,
there was no significant difference in complications between the 2
groups. Based on the current results, we believe that the pressure
from MRJB may not be sufficient to fill the knee to reduce
bleeding and swelling.
The blood loss and transfusion rate were the primary outcome

in our meta-analysis. As previously reported, some published
RCTs[10,15,16] suggested thatMRJB has a similar effect compared
with the traditional wound dressing. An RCT performed by
Pinsornsak and Chumchuen[10] involving 60 patients who had
TKA by 2010 to 2011. In their study, MRJB were placed for 24
hours after TKA in the compression group, while the control
group did not receive compression, but a conventional wound
dressing. These results demonstrated that there was no significant
difference in blood loss and blood transfusion rate in patients
treated with MRJB compared with conventional dressing.
Similarly, another RCT performed by Yu et al,[16] 90 patients
were randomly divided into receiving compression therapy with
MRJB from toes to thigh for 24hours and the control group
received no compression therapy. The results indicated that there
lications forest plot analysis.
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was no significant difference in blood loss and transfusion rate in
both groups. However, an RCT of Gibbons et al[7] revealed that
MRJB had more blood loss than cold compressive dressing, but it
did not result in a significant difference in transfusion require-
ments. In our meta-analysis, we found that the application of
MRJBwas similar for reducing blood loss and knee swelling after
TKA as the conventional wound dressing, and there also was no
difference in the amounts of transfusion requirements in each
group. On this basis, we cannot get the advantages of reducing
the amount of blood loss and transfusion rate in clinical practice.
Data for knee swelling and ROMwere used to assess the early

knee-function recovery postoperatively.[21,22] Performing early
ROM exercises has benefits on functional recovery, lower
medical costs, and complications.[23,24] In theory, the compress-
ing bandages can be used to reduce intra-articular bleeding by
providing knee joint tamponade and reducing soft tissue edema
by increasing intra-cellular pressure.[9] Charalambides et al[12]

also reported that the administration of compression bandage
was effective in controlling bleeding in the knee joints and that
very few patients with compression bandages developed lower
limb swelling after surgery. However, a high- quality RCT
conducted by Smith et al[11] reported that the study group and the
control group acquired similar ROM after surgery (86.6±12.3°
and 84.9±13.4°, respectively) between the 2 groups. Yu et al[16]

also reported that no significant differences were found in the 2
groups regarding knee flexion (99.16±9.36° and 97.68±
10.43°). In the current meta-analysis, this result was also
consistent with previously published studies, that show no
difference in whether bandages were used for reducing knee
swelling and improving ROM. In addition, we found no
differences in VAS scores and operative time between the 2
groups.
Another problem with MRJB in TKA was the possible

complications, including wound-related complications and DVT.
In the current study, there was no significant difference between
the 2 groups (P= .58), although there were 6 cases of wound-
related complications in the control group and 8 cases in the
study group. More importantly, none of the studies produced
DVT. However, the occurrence of these complications events
does not indicate that there is no risk. Previous power analysis
showed that more than 3500 patients needed to meaningfully
assess the increase in surgical infections.[25] Therefore, the meta-
analysis must acknowledge that due to the relatively small sample
size, it lacks the ability to adequately assess low incidence events.
The incidence of complication outcomes may be much higher
than the results of the study. Therefore, large-scale prospective
studies are needed to provide insights into the safety of MRJB.
This meta-analysis has several advantages. First, this is the first

meta-analysis to compare the application of MRJB in TKA.
Second, the meta-analysis only included RCTs with strict
inclusion criteria, and the quality of the included studies was
relatively high. Third, total blood loss, transfusion rate, and knee
swelling were the primary outcome in the current meta-analysis,
for both of these results were a response to the main effects of the
MRJB. It seems that there was no difference between the 2
groups. Based on the above conclusions, therefore, we can draw
hypotheses that MRJB after primary TKA may not be routinely
indicated in common clinical use, and it can potentially avoid the
related complications.
The meta-analysis still has some limitations, including, Only

5 RCTs were included, the amount of sample is relatively small;
As important parameters of TKApostoperative recovery criteria,
7

tourniquet-induced ischemia increases fibrinolytic activity and
induces local reactive hyperemia, resulting in more blood loss
and knee swelling. However, due to the limitation of the sample
size, we cannot perform a subgroup analysis to compare results;
Most studies lack long-term follow-up and should be performed
in the future; The application time ofMRJB ranges from24hours
to 48hours, which may also impact the results of our study.
Despite these limitations, this is a meta-analysis using RCT to
assess the first efficiency and safety of MRJB in TKA.
5. Conclusion

The current meta-analysis of the available evidence indicates
patients with MRJB had similar blood loss, knee swelling, ROM,
pain relief, and complications when compared to the conven-
tional wound dressing for TKA. The application of MRJB does
not require the additional advantage. However, the results of the
meta-analysis should be interpreted with caution due to the small
sample size, and more high-quality studies are needed to confirm
the above conclusions.
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