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Abstract: Background: it still remained controversial whether postoperative knee flexion was effective in reducing
blood loss and promoting range of motion (ROM) in patients after total knee arthroplasty (TKA). Objective: The
purpose of this meta-analysis is to evaluate the aforementioned effects. Methods: A comprehensive computerized
literature search was conducted in PubMed, EMBASE, SinoMed and Chinese National Knowledge Infrastructure
(CNKI) without language restrictions by November 2nd 2015. Prospective randomized controlled trials (RCTs) com-
paring the outcomes between the postoperative knee flexion and extension with unilateral TKA patients were in-
cluded. Comparative outcomes of the studies include CBL (calculated total blood loss) and/or HBL (hidden blood
loss) and/or DBL (drainage blood loss) and/or ROM. The pooling of data was analyzed by RevMan 5.1. Results: 13
RCTs involving a total of 1238 patients were identified. The results revealed significantly less CBL of flexion group
than extension group within subgroups (MD=-194.78; 95% CI -289.48 to -100.08; P<0.0001); similar results were
detected with respect to HBL (MD=-121.26; 95% Cl -176.71 to -65.82; P<0.0001) and DBL (MD=-150.47; 95% Cl
-234.18 to -66.77; P=0.0004). Flexion group was more effective in short-term (7 days after operation) postopera-
tive ROM (MD=7.31; 95% Cl 5.25 to 9.36; P<0.00001), but did not significantly promote long-term (6 weeks after
operation) postoperative ROM (MD=1.45; 95% Cl -2.57 to 5.48; P=0.48). The flexion of knee did not increase the
incidence of SI (RR=1.12; 95% CI 0.44 t0 2.85; P=0.82) and DI (RR=1.32; 95% CI 0.33 to 5.3; P=0.69). Conclusion:
This meta-analysis suggested that postoperative flexion of knee on patients after TKA could reduce blood loos in
terms of CBL, HBL and DBL, and also promote ROM in short-term postoperative period without increased incidence
of complications. However, it could not promote ROM in long-term postoperative period.
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Introduction

Total knee arthroplasty (TKA) is a well-validated
surgery for end-stage osteoarthritis, rheuma-
toid arthritis and other diseases of knee joint.
Although this technique has been widely acc-
epted, continuous improvements are introduc-
ed in terms of implant design, articulation bear-
ing surface, surgical technique, perioperative
management and so on [1]. Successful periop-
erative management can alleviate postopera-
tive pain, reduce blood loss, achieve earlier reh-
abilitation and gain better joint function. Large
amount of blood loss induced by TKA is a note-
worthy problem, which may lead to more blood
transfusions, increased length of hospital stay,
swelling of the knee, compromised range of

motion (ROM) of knee and delayed rehabilita-
tion of knee function. In addition, more blood
transfusion during or post operation face the
increased risk of infectious diseases, postop-
erative infection and immunologic reactions [2].
Several perioperative methods were explored
to attenuate the blood loss induced by TKA
including preoperative autologous donation [3],
deliberate hypotension in surgery [4], adminis-
tration of erythropoietin [5], topical hemostatic
agents and tranexamic acid [6], hemodilution
[7], reinfusion systems [8], postoperative flex-
ion of knee [9] and so on.

Accumulating studies have introduced the pro-
tocols of the flexion of knee joint after TKA. This
independent measure is expected to reduce
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postoperative blood loss and promote ROM of
knee joint. As a simple intervention which only
changes the postoperative position of leg, the
knee flexion tends to be acceptable by both
surgeons and patients. However, controversy
exists among these studies in terms of postop-
erative blood loss and ROM. The outcomes to
evaluate blood loss include the calculated total
blood loss (CBL), hidden blood loss (HBL), and
postoperative drainage blood loss (DBL). CBL is
calculated through the perioperative change of
hematocrit and the estimate of total blood vol-
ume by the method reported by Nadler et al
[10] and Gross et al [11].

All previous RCTs supported that postoperative
flexion of knee could reduce HBL [9, 12-15];
Some studies found that postoperative flexion
of knee could reduce CBL [9, 14-16] and DBL
[17-20], but others reported contrary results in
terms of CBL [12] and DBL [21, 22]. Similarly,
increased postoperative ROM was confirmed in
some studies [14, 15] but others did not [9, 12,
21]. Controversies concerning blood lost exist
among various studies.

Several underlying mechanisms contribute to
the effect of knee flexion on reducing postop-
erative blood loss. Firstly, the flexion of the kn-
ee can result in the drainage obstruction, and
consequently reduce the DBL [23]; Secondary,
the flexion of the knee will lead to relative eleva-
tion of the knee joint, which can promote popli-
teal venous return and then reduce the blood
extravasation into the joint space [23]; Thirdly,
flexion of the knee can increase the pressure of
popliteal soft tissue, which will extrude the
blood out from the swelling and traumatic soft
tissue to the blood circulation, and thus reduce
the HBL.

Herein, this meta-analysis was performed to
investigate the effect of postoperative flexion
of knee on blood loss and ROM of the patients
undergone TKA for the following reasons. Fir-
stly, knee flexion is a simple and economic
method to provide potential advantages in term
of reducing blood loss and promoting ROM but
with controversies; Secondary, to our knowl-
edge, no meta-analysis has been done about
this topic before yet; Thirdly, since a previous
systematic review published online by Faldiniet.
al in October 2013 [24], an exhaustive search
was conducted and 9 new RCTs were found for
updating this meta-analysis. Five new RCTs [9,
14-16, 20] have been published in English. One
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RCT [17] published in 2007 have been searched
in EMBASE and it had not been included in pre-
vious system review [24]. Another three RCTs
[13, 18, 19] have been published in Chinese
magazines. Fourthly, the previous systematic
review [24] did not conduct meta-analysis be-
cause only 3 RCTs about knee flexion on post-
operative blood loss with complete datum were
included. This study consisted of 13 RCTs stud-
ies and an integrated meta-analysis was con-
ducted. Divergent result from previous system-
atic review concerning the effect of knee flexion
on long-term ROM was clarified in this meta-
analysis. In brief, this meta-analysis may have
higher evidence-level than the previous sys-
tematic review and would be more interested
by potential readers.

Materials and methods
Search strategy

An exhaustive computerized search of electron-
ic databases was conducted, including PubM-
ed, Cochrane Library, EMBASE, SinoMed, and
CNKI (China National Knowledge Infrastructure)
up to November the 2nd 2015, the following
search terms were used for the database se-
arch: total knee arthroplasty, total knee replace-
ment, knee prosthesis, leg position, flexion, ex-
tension, splinting, postoperative management,
blood loss and ROM. Both English and Chinese
published articles were included. The comput-
erized search results were reviewed in terms of
the titles and abstracts. Articles searched by
the aforementioned keywords were preliminar-
ily included, and then these articles would be
further evaluated by the inclusion and exclu-
sion criteria. Additionally, special attention was
paid to the references of these articles in case
any articles might be omitted.

Inclusion and exclusion criteria

Studies were considered eligible if they met all
of the following inclusion criteria: (1) prospec-
tive randomized controlled trials (RCTs); (2)
studies focusing on the unilateral TKA; (3) stud-
ies comparing the postoperative knee flexion
group and knee extension group; (4) studies
reporting at least include one of CBL, HBL, DBL
or ROM.

Studies were excluded if (1) not prospective
RCT trials; (2) the outcomes datum not appli-
cable. Full-text articles were read by two review-
ers if the studies met the inclusion criteria in
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2809 records excluded for theses reason: 1. The
outcome of both postoperative blood loss and range
of motion were not investigated; 2.Review and
meta-analysis articles; 3.duplicates

160 records excluded for the reason: The
intervention postoperative flexion of TKA patients
was not investigated. Two articles were added by
Looking up into the references.

2967 records were identified

through database searching g

initially

176 full-text articles potentially

considered for inclusion >
A 4

18 articles were for data extraction | ——

Exclusion: 2 Chinese articles had only female
subjective; 1 article is non-RCT; 1 article's data did
not provide standard deviation; 2 articles had not
flexion group which were collected from reference of
the review.

A 4

Finally, 12 articles (13 RCTs) were
included in this meta-analysis

Table 1. Basic Characteristics of Included Studies

Figure 1. The search strategy.

Sample Size Gender (Female%) Mean Age (Year) . .
Study Flexion Extension Flexion Extension Flexion  Extension Published - Quality Outcome Relevant
Language Score
Group Group Group Group Group Group
liu 2015 [9] 50 50 68 64 73.1+5.1 72.4+4.6 English 9 CBL, HBL, ROM, SI, DI
Yang 2015 [14] 46 46 47.8 43.5 73.6+5.0 72.5+4.7 English 11 CBL, HBL, ROM, SI, DI
Antinolfi 2014 [20] 20 20 65 50 73.0+5.8 70.7£7.3 English 8 DBL
Napier 2014/RCT1 [16] 86 920 74 64 70.4+9.9 71.0+7.6 English 11 DI
Napier 2014/RCT2 [16] 134 140 61.9 721 68.9+8.7 70.9+9.0 English 11 CBL, SI, DI
Panni 2014 [15] 50 50 76 80 69+7 69+7 English 8 CBL, HBL, ROM
Li 2012 [12] 55 55 72.7 69.1 7146 7048 English 8 CBL, HBL, ROM, SI
Madarevic 2011 [22] 16 47 uc uc uc uc English 7 DBL
Ma 2008 [21] 49 46 51 47 71.0£9.39 70.6+8.50 English 5 DBL, ROM, SI
Gildone 2007 [17] 24 24 58.3 62.5 73.2 73.2 English 7 DBL
Guo 2013 [13] 30 30 76.7 73.4 72+4.4 71+£5.4 Chinese 6 HBL
Hu 2012 [19] 10 10 80 80 74.4+2.44  72.2+3.08 Chinese 8 DBL
Wang 2011 [18] 30 30 83.3 90 69.515.4 70.3+5.1 Chinese 7 DBL

Abbreviation: CBL, calculated total blood loss; HBL, Hidden blood loss; DBL, Drainage blood loss; ROM, Range of motion; Sl, Superficial infection; DI, Deep infection.

order to determine the final inclusion. Diver-
gents in opinion among the reviewers were
solved by discussions and a third reviewer was
referred to if necessary.

Assessment of methodological quality and risk
of bias

The included studies were assessed indepen-
dently by two reviewers in terms of study design,
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baseline characteristics, surgical intervention
and postoperative management. The risk of bi-
as was evaluated by using the methods recom-
mended in the Cochrane Handbook for Sy-
stematic Reviews of Interventions [25] includ-
ing the following evaluation terms: 1. random
sequence generation; 2. allocation sequence
concealment; 3. blinding of participants; 4. blin-
ding of personnel; 5. blinding of outcome asses-
sors; 6. incomplete outcome data; 7. selective
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extension

flexion

dy o baroup  Mean [m
1.1.1 no tranexamic Subgroup

Li 2012 1,168 211 55 1,231 2086 55
Napier 2014 RCT2 1408 479 134 1,610 599 140
Yang 2015 10413 1048 46 11622 1182 46
Subtotal (95% CI) 241

Heterogeneity: Tau? = 1198.70; Chi* = 3.54,df =2 (P = 0.17); F = 44%
Test for overall effect: Z = 3.86 (P = 0.0001)

1.1.2 tranexamic subgroup

Panni 2014 846 197 S0 1,242 228 50
Liu 2015 1,0084 1026 50 1,212 1139 50
Subtotal (95% CI) 100 100

Heterogeneity: Tau? = 17365.95; Chi? = 16.19, df = 1 (P < 0.0001); I = 94%
Test for overall effect: Z = 3.08 (P = 0.002)

Total (95% CI) 335

Heterogeneity: Tau? = 10081.65; Chi? = 42.07, df = 4 (P < 0.00001); I? = 90%
Test for overall effect: Z = 4.03 (P < 0.0001)

Test for subgroup differences: Chi? = 3.22. df = 1 (P = 0.07). 1 = 69.0%

341

Figure 2. Forest plot of effect of knee flexion and extension on calculated

patients.

flexion extension
d bgroup

or Subgroup  Mea
1.2.1 no tranexamic subgroup

Li2012 566 83 55 611 99 55
Guo 2013 31523 5632 30 48023 5764 30
Yang 2015 546.1 494 46 604.1 36.7 46
Subtotal (95% Cl} 131 131

Heterogeneity: Tau? = 3718.82; Chi? = 43,29, df = 2 (P < 0.00001); I? = 95%
Test for overall effect: Z = 2.47 (P = 0.01)

1.2.2 tranexamic subgroup

Panni 2014 451 83 50 680 90 50
Liu 2015 506.1 28 50 617.5 524 50
Subtotal (95% Cl} 100 100

Heterogeneity: Tau? = 6612.59; Chi* = 36.71, df = 1 (P < 0.00001); I* = 97%
Test for overall effect: Z = 2.91 (P = 0.004)

Total (95% Cl) 23 23
Hetercgeneity: Tau® = 3808.96; Chi? = 107.37, df = 4 (P < 0.00001); ¥ = 96%
Test for overall effect: Z = 4.29 (P < 0.0001)

Test for subgroup differences: Chi# = 1.38. df = 1 (P = 0.24). I =27.3%
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Figure 3. Forest plot of effect of knee flexion and extension on hidden blood loss in postoperative TKA patients.

outcome reporting; and 8. other potential sour-
ces of bias. Assessment results for every stu-
dy included “high risk”, “low risk”, and “unclear
risk”. Disagreement was resolved by discussion
among the authors.

Data extraction

Two reviewers extracted relevant data from
each included study independently and record-
ed them on multiple worksheets. The following
data were extracted: first name of authors, pub-
lished year, sample size, age, gender and avail-
able outcomes. The primary outcomes included
CBL and ROM; The secondary outcomes includ-
ed HBL, DBL, and postoperative complication
including Sl and DI.

Statistical methods and strategies

The pooling of data was analyzed by Revman
5.3. The Chi-Square tests and l-square test
were primarily used to evaluate the heteroge-
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neity among the outcome datum. A fixed-effects
model was used if the I-square value was less
than 50%, or P>0.1. Random effects model
was used if the I-square value was 50% or
more, or if the p value was 0.1 or less. Funnel
plot was performed by RevMan 5.3 to investi-
gate the potential publication bias. For continu-
ous variables, such as CBL, HBL, DBL and ROM,
inverse variance of statistical method were
used and the mean difference (MD) and 95%
confidence interval (95% CIl) were calculated.
For dichotomous variables such as the inci-
dence of Sl and DI, the relative risk (RR) and
95% Cl were calculated. P<0.05 was consid-
ered statistically significant.

Results
Study characteristics

Totally 2967 articles were found through the
primary search. According to the (2) (3) and (4)
inclusion criteria, 18 articles were primarily pre-
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flexion extension
Gildone 2007 301.66 110 24 495 83.5 24
Ma 2008 399 299 49 394 187 46
Madarevic 2011 4969 1548 18 5106 1855 47
Wang 2011 33175 5504 30 558.52 9436 30
Hu 2012 419 3874 10 719 8391 10
Antinolfi 2014 966 1763 20 1,093 1839 20
Total (95% CI) 149 177

Heterogeneity: Tau® = 9358.58; Chi? = 47.02, df = 5 (P < 0.00001); I* = 89%
Test for overall effect: Z = 3.52 (P = 0.0004)
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Figure 4. Forest plot of effect of knee flexion and extension on drainage blood loss in postoperative TKA patients.

flexion extension Mean Difference Mean Difference
| Weigh! IV, Fi % Cl
Li 2012 80 15 55 71 13 55 15.4% 9.00 [3.75, 14.25] 2012 N
Panni 2014 105 4 50 98 7 50 84.6% 7.00[4.77,9.23] 2014 .'
Total (95% CI) 105 105 100.0% 7.31[5.25, 9.36] L 2
e (Shid = - - L1z = 0% t t 1 t t
Heterogeneity: Chi? = 0.47, df = 1 (P = 0.49); I?= 0% 20 10 0 10 20

Test for overall effect: Z = 6.97 (P < 0.00001)
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Figure 5. Forest plot of effect of knee flexion and extension on short-term ROM in postoperative TKA patients.
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Ma 2008 94 14 49 98 13 46 23.0% -4.00[-9.43, 1.43) 2008 T
Li 2012 98 21 55 96 19 55 16.7% 2.00[-5.48,9.48] 2012 - 1
Yang 2015 107.7 83 46 102.5 66 46 322% 5.20[2.14, 8.26] 2015 ——
Subtotal (35% CI) 150 147 71.9% 1.30 [4.79, 7.40] s
Heterogeneity: Tau? = 21.62; Chi* = 8.42, df = 2 (P = 0.01); I = 76%
Test for overall effect: Z = 0.42 (P = 0.67)
1.5.2 tranexamic subgroup
Liu 2015 105.8 16 50 104.5 92 50 28.1% 1.30[-2.80, 5.40] 2015 1=
Subtotal (95% CI) 50 50 28.1% 1.30 [-2.80, 5.40] -
Heterogeneity: Not applicable
Test for overall effect: Z = 0.62 (P = 0.53)
Total (95% CI) 200 197 100.0% 1.45 [-2.57, 5.48] ?
ity Tau? = . Chit = —3(P= = - - - + +
Heterogeneity: Tau? = 10.64; Chi® = 8.83, df = 3 (P = 0.03); 1 = 66% o o % Py P

Test for overall effect: Z = 0.71 (P = 0.48)
Test for subgroup differences: Chi? = 0.00. df = 1 (P = 1.00). F = 0%
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Figure 6. Forest plot of effect of knee flexion and extension on long-term ROM in postoperative TKA patients.

pared for data extraction. After reading the
whole articles, 6 studies were excluded for 2
Chinese studies only having female subjects, 1
study not RCT [26], 1 study’s data not providing
the standard deviation value [23] and 2 articles
lacking flexion group [27, 28]. Finally, 12 stud-
ies (13 RCTs) including 1238 cases (600 pati-
ents were included in the postoperative flexion
group and 638 patients were included in the
extension group) were included in the final
analysis (the search strategy were shown in
Figure 1 and the basic characteristics of these
included studies were shown in Table 1).

Assessment of methodological quality and risk
of bias

The assessments of methodological quality
and risk of bias were shown in every forest plot
and gathered in Figures 10 and 11. The base-

20794

line among the studies included gender and
age as showed in Table 1. Among the 13 RCTs,
4 RCTs didn’t provide detailed information
about the randomized method, although they
claimed performance of randomization. One in
the 13 RCTs had high risk method of random-
ization. Only 2 RCTs both conducted by Napi-
eret.al [16] provided allocation concealment
details; 4 RCTs from 3 articles [9, 14, 16] pro-
vided the method of participant blinding, 3
RCTs from 2 articles [14, 16] provided person-
nel blinding details and 3 RCTs [9, 14, 15] men-
tioned the blinding method of assessment. The
majority of these studies had complete out-
come data and most of them did not have
selective reporting issues. The study conduct-
ed by Ma et al [21] had 49 patients in experi-
mental group and 46 patients in control group.
The inequality of patients between the two
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Postoperative knee flexion on blood loss

flexion extension Risk Ratio Risk Ratio

_Study or Subgroup  Events Total Events Total Weight M-H, Fixed. 95% Cl Year M-H, Fixed, 95% ClI

Ma 2008 2 49 2 46 25.7% 0.94 [0.14, 6.39] 2008

Li 2012 1 55 1 556 12.5% 1.00 [0.06, 15.59] 2012

Napier 2014 RCT2 1 134 2 140 24.4% 0.52 [0.05, 5.69] 2014 =

Yang 2015 2 46 1 46 12.5%  2.00[0.19,21.30] 2015

Liu 2015 3 50 2 50 24.9% 1.50 [0.26, 8.60] 2015 =

Total (95% CI) 334 337 100.0% 1.12 [0.44, 2.85]

Total events 9 8

Heterogeneity: Chi? = 0.77, df = 4 (P = 0.94); I = 0%
Test for overall effect: Z = 0.23 (P = 0.82)

005 02 1 5 20
Favours flexion Favours extension

Figure 7. Forest plot of effect of knee flexion and extension on superficial infection in postoperative TKA patients.
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r Ev T vents T igh -H % Cl Year M-H, Fixed, 95% Cl
Napier 2014 RCT2 1 134 2 140 56.8% 0.52 [0.05, 5.69] 2014 |
Napier 2014 RCT1 1 86 0 90 14.2%  3.14[0.13,75.99] 2014 -
Liu 2015 2 50 1 50 29.0%  2.00[0.19, 21.36] 2015 -
Total (95% CI) 270 280 100.0% 1.32 [0.33, 5.30]
Total events 4 3 )

Heterogeneity: Chi? = 0.98, df =2 (P = 0.61); 2= 0%
Test for overall effect: Z = 0.39 (P = 0.69)
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Figure 8. Forest plot of effect of knee flexion and extension on deep infection in postoperative TKA patients.
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matocrit multiplies the whole
volume of blood [(preopera-
tive haematocrit-postopera-
tive haematocrit) x the whole
volume of blood/preopera-
tive haematocrit] reported by
Nadler et al [10] and Gross et
al [11]. Five eligible studies all
covered the CBL [9, 12,
14-16]. Tranexamic is report-
ed to significantly reduce post-
operative blood loss in two
studies [29]. Therefore, 5 stu-
dies were finally divided into

100+ t =
-500 -250 0 250

500 two subgroups according to

Subgroups
IB no tranexamic Subgroup 0 tranexamic subgroup

patients whether treated with
tranexamic or not. The non-

Figure 9. Funnel plot for evaluation of the publication bias.

groups was not explained in that study, thus the
risk of attrition bias caused by incomplete out-
come data was unclear. No publication bias is
detected demonstrated by funnel plot. There
was no disagreement between the two inde-
pendent reviewers.

Synthesis of results

The evaluation of CBL: CBL was calculated in
the formula that perioperative change of hae-
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tranexamic subgroup had low

heterogeneity with [?2=44%,

but the tranexamic subgroup
and the total group showed high heterogeneity
with 1?=94% and 90%, respectively. Then the
random effect model was used and the results
revealed significant difference in CBL between
flexion and extension intervention, within the
no tranexamic subgroup (MD=-115.52; 95% Cl
-174.17 to -56.87; et P=0.0001), the tranexam-
ic subgroup (MD=-296.3; 95% CI -484.73 to
-107.88; P=0.002)and all the studies (MD=-
194.78; 95% Cl -289.48 t0 -100.08; P<0.0001),
respectively (Figure 2). The results indicated
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Random sequence generation (selection bias)

Blinding of participants(performance bias
Blinding of personnel (performance bias

Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias) _:l
Selective reporting (reporting bias) _
Other bias

. Low risk of bias

Figure 10. Risk of bias graph of the included RCTs.

that these patients with postoperative flexion
of the knee had less CBL. No publication bias
was found according to the funnel plot of CBL
(Figure 9).

The evaluation of HBL: HBL was estimated by
subtracting the intraoperative blood loss and
postoperative DBL from the CBL at 48 h post-
operatively. 5 included studies reported the
HBL [9, 12-15]. Due to the tranexamic interven-
tion existed in two studies, 5 studies were divid-
ed into tranexamic subgroup and no tranexamic
subgroup. The random effect model was
employed because the two subgroups and the
total group showed high heterogeneity with
[°=95%, 97% and 96%, respectively. So, the
results showed significant less HBL in flexion
group than extension group, within the no
tranexamic subgroup (MD=-89.28; 95% CI
-160.11 to -18.46; P=0.01), the tranexamic
subgroup (MD=-169.72; 95% CI-283.97 to
-55.47; P=0.004) and all the studies (MD=-
121.26; 95% CI -176.71 to -65.82; P<0.0001),
respectively (Figure 3).

The evaluation of DBL: 6 studies were included
into the DBL meta-analysis [17-22]. No sub-
group analysis was employed due to there is no
tranexamic group in these studies. Random
effect model was used for the high heterogene-
ity with 1°=89% among these 6 studies. The
results revealed postoperative flexion signifi-
cantly decreased DBL than the postoperative
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extension among these studies (MD=-150.47;
95% Cl -234.18 to -66.77; P=0.0004) (Figure
4).

The evaluation of short-term and long-term po-
stoperative ROM: The short-term postoperative
ROM was measured at 7 days after operation.
2 studies were included for this meta-analysis
[12, 15]. The fixed effect model was used for no
heterogeneity existing with 1°=0%. The result
showed apparently better ROM in flexion group
than extension group in the 2 studies (MD=7.31;
95% Cl 5.25 to 9.36; P<0.00001) (Figure 5).
The long-term postoperative ROM was mea-
sured 6 weeks after operation. The meta-analy-
sis consisted of 4 studies [9, 12, 14, 21]. These
4 studies were divided into the tranexamic sub-
group and the no tranexamic subgroup for the
high heterogeneity with [>=66%. However, high
heterogeneity still existed in both no tranexam-
ic subgroup and total group, with 1°=76% and
I°=66%, respectively. So random effects model
were used. No obvious difference were observ-
ed in ROM between flexion and extension inter-
vention among the 4 studies (MD=1.45; 95% Cl
-2.57 to 5.48; P=0.48) (Figure 6).

Complications: The Sl meta-analysis consist of
5 studies [9, 12, 14, 16, 21]. The outcome of
the Sl incidence of these 5 studies showed low
heterogeneity with 1°’=0%, so fixed effect model
was used. The result did not yield any signifi-
cant difference in the incidence of SI between
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studies (RR=1.32; 95% CI
0.33 to 5.3; P=0.69) (Figure
8). Transient lower limb sen-
sory nerve palsy occurred in 2
patients of the flexion group in
the study of Napier 2014
RCT2 [16] and no DVT or skin
necrosis occurred.

Discussion

This meta-analysis verified
that postoperative flexion of
knee could reduce blood loos
in terms of CBL, HBL and DBL
in patients after TKA. Mean-
while, postoperative flexion of
knee could promote ROM in
earlier postoperative period.

- | Blinding of outcome assessment (detection bias)

-3 | Allocation concealment (selection bias)
= | Blinding of participants(performance bias)

- | Blinding of personnel (performance bias)

However, ROM 6 weeks post-
operative was not promoted

-~ . Random sequence generation (selection bias)

by postoperative flexion of
knee. On the other hand, the

incidence of Sl or DI was not
increased in the postopera-

tive flexion group. Transient
lower limb sensory nerve

palsy, DVT and skin necrosis
were rarely seen in the group

of knee flexion in previous
studies. Most results of this

meta-analysis were consis-
tent with the previous studies,

although a few studies were
controversial in terms of CBL,

DBL and ROM. The details and
possible reason of the dis-

agreement between previous
studies and this meta-analy-

sis in terms of blood loss,
ROM and complication were

analyzed as the following.
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Firstly, in aspect of blood loss,
most previous RCT studies

Figure 11. Risk of bias summary of the included RCTs.

flexion and extension group (RR=1.12; 95% CI
0.44 to 2.85; P=0.82) (Figure 7). The DI meta-
analysis consisted of 3 studies [9, 16]. The
fixed effect model was used for the low hetero-
geneity with 1°>=0%. No significant difference
was observed in the incidence of DI between
flexion and extension intervention among the 4
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were consistent with this
meta-analysis and few ones
had inconsistent results. The
general outcomes to evaluate
blood loss are CBL, HBL and DBL. Most articles
[9, 14-16] claimed that flexion of knee could
reduce CBL after TKA, however, one study con-
ducted by Li et al in 2012 [12] did not yield the
difference of CBL. To date, all related studies
[9, 12-15] suggested that postoperative flexion
of knee could reduce the HBL in patients after
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TKA. With respect of DBL 4 studies [17-20] sup-
ported the decreasing effect of knee flexion on
DBL and 2 studies conducted by Ma and
Madarevic [21, 22] did not yield any significant
difference. The reasons why the aforemen-
tioned studies did not yield any significant dif-
ference were as follows. Firstly, blood loss
could be affected by many factors such as dif-
ferent surgical duration, different baseline of
patients and other factors of bias; Secondly,
the sensitivity for detecting the difference of
postoperative blood loss was limited for the
small sample amount of the patients. Additio-
nally, the decreasing effect of postoperative
knee flexion on blood loss might be decreased
for the method to collect data, e.g. the data
was questioned in the study conducted by Ong
et alin 2008 [23]. In Ong'’s study, the elevation
of leg was demonstrated to reduce the blood
loss effectively. Therefore, the relative elevated
leg might be attributed to the effect of reducing
blood loss when knee flexion. This speculation
was dubious because at least a horizontal flex-
ion group should be set as the control group to
verify whether knee flexion could reduce blood
loss or not.

Secondly, previous investigations of the knee
flexion evaluated effects on ROM usually in-
cluded both the short-term and long-term indi-
cators, respectively at 7 days and 6 weeks
postoperative. With respect to short-term ROM,
two studies [12, 15] showed better outcome in
flexion group than in extension group. However,
with respect to long-term ROM, three RCTs [9,
12, 21] showed there was no significant differ-
ence between flexion group and extension
group. Only one RCT [14] demonstrated the
flexion group had better outcome of long-term
ROM than extension group. As far as we know,
our meta-analysis firstly demonstrated that the
knee flexion could induce beneficial effects on
the ROM in short-term postoperative period,
but made no sense in long-term postoperative
period. Several researchers speculated that if
the knee was laid flexion after operation, hid-
den blood loss reduced and the knee swelling
eased, resulting in the decrease of the knee
circumference, and ultimately increased ROM.
However, in the long-term period, the condition
of soft tissue swell around knee was similarly
recovered in the patients of both groups.
Therefore, no significant difference was
observed in the term of ROM.
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Thirdly, a previous study reporting knee flexion
after TKA might lower oxygen tension, thereby
increase the wound complication [30]. However,
no single RCT demonstrated significant differ-
ence between flexion and extension group in
terms of the wound complication, especial SI
and DI. Sl and DI results in this meta-analysis
were consistent with that in each single RCT.
Transient lower limb sensory nerve palsy
occurred in only two patients [16] among these
included 13 RCTs of this meta-analysis.

Additionally, this meta-analysis was in accord
with the system review article reported by
Faldini et al [24] in the aspect of postoperative
blood loss. In this article, the short-term ROM
and long-term ROM were further divided to ana-
lyze respectively which previous system review
had not done. Therefore, the results of that
review were in consistent with ours.

Special attention should be paid to the clinical
applicability of this meta-analysis. The results
of this meta-analysis could only be applied for
these patients with primary TKA, not for arthro-
plasty revision patients because no revision
arthroplasty participants were involved in the
present study. In arthroplasty revision patients,
many clinical factors should be taken into
account, such as the stability of the joint and
the soft tissue quality. The exact flexion degree
of the knee should be decided by clinical prac-
tice, because there were short of specific RCTs
investigating on this topic. As for the effect of
different duration of knee flexion on blood loss,
the study conducted by Napier’s investigation
in 2014 reported blood loss was decreased in
6-hours flexion group than in 3-hours flexion
group. Therefore, longer duration of postopera-
tive knee flexion seemed to be expected to
reduce more blood loss. More investigation on
degree and duration of knee flexion were need-
ed to be conducted to draw a definite conclu-
sion.

Nonetheless, our meta-analysis is not without
limitations. Firstly, some included studies lack
sufficient data. Thirteen RCTs were included in
this meta-analysis, but several RCTs among
them did not provide complete aimed outco
mes. Secondary, high heterogeneity was exist-
ed in terms of CBL, HBL and DBL. It might be on
account of several factors such as different
knee flexion degree, different knee flexion dura-
tions and different surgical duration, applica-
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tion of medicine for anticoagulation and appli-
cation of tourniquet. These variable factors can
be controlled by dividing the patients into sub-
groups, to some extent. However, further inves-
tigation is impeded for the lack of enough stud-
ies. Although the heterogeneities were high,
the differences were still significant when eval-
uating the effects on blood loss on the premise
of using random effect model between the
postoperative flexion group and postoperative
extension group.

Conclusion

This meta-analysis suggested that postopera-
tive flexion of knee on patients after TKA could
reduce blood loos in terms of CBL, HBL and
DBL, and could also promote ROM in short-
term postoperative period without any detri-
mental effects on the incidence of complica-
tion. However, it could not promote ROM in
long-term postoperative period.
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