
Int J Clin Exp Med 2016;9(9):17396-17403
www.ijcem.com /ISSN:1940-5901/IJCEM0022904

Original Article
The influence of knee position on blood loss  
and range of motion following total knee  
arthroplasty: a meta-analysis

Kewei Wei, Kai Yu

Department of Orthopedic Surgery, Tianjin No. 5 Hospital, Binhai District, Tianjin 300450, China

Received December 29, 2015; Accepted April 27, 2016; Epub September 15, 2016; Published September 30, 
2016

Abstract: A consistent post-operative limb positioning regime could be an attractive, simple and cost-effective al-
ternative to improve patient’s outcomes after total knee arthroplasty (TKA). The aim of this study was to perform a 
meta-analysis to determine the effect of postoperative knee position (flexion vs extension) on blood loss and range 
of motion (ROM) following TKA. A systematic search of all studies published through Dec 2015 was conducted 
using the MEDLINE, EMBASE, OVID, ScienceDirect and Cochrane CENTRAL databases. The relevant studies that 
examined whether post-operative limb positioning (flexion or extension) could effectively improve ROM restoration 
and reduce blood loss following TKA were identified. Demographic characteristics, blood loss and range of motion 
were manually extracted from all of the selected studies. Meta-analysis was conducted with the help of REVMAN 
software. Nine randomized controlled trials are eventually satisfied the eligibility criteria. Meta-analysis showed that 
post-operative knee flexion protocols could effectively reduce blood loss (SMD = -0.32, 95% CI: -0.59--0.05) and 
improve ROM (WMD = 4.47, 95% CI: 2.53-6.41) after TKA. No significant publication bias was showed by funnel plot. 
Based on the studies undertaken to date, a post-operative knee flexion protocol should be implemented as an easy 
and inexpensive method of reducing blood loss and increasing ROM following TKA. Further studies are still needed 
to confirm the present results.
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Introduction

Total knee arthroplasty (TKA) is a very effec- 
tive treatment for knee osteoarthritis (OA)  
and recent studies highlighted the increasing- 
ly growing use of TKA in the last decade [1-3].  
It has the highest aggregate cost among the 
2004-2007 top ten most rapidly increasing pro-
cedures in the USA [2]. TKA can effective- 
ly remove pain associated with joint activities 
and can recover the range of motion (ROM), 
which is closely related to the degree of sa- 
tisfaction in patients [4]. The ultimate pur- 
pose of TKA is to restore the functional ROM  
to the minimum 90 degree that is required  
for normal daily activities. The early restora- 
tion of a satisfactory knee ROM can improve 
patient’s discharge and a decreased transfu-
sion rate could make the procedure cheaper. 

Many factors affected ROM and several efforts 
have been made to improve functional recovery 

[5]. Different strategies have been recently 
implemented to reduce blood loss and increase 
ROM that are thought to be two important fac-
tors in determining the outcomes of TKA [6, 7]. 
Many of these strategies included the use of 
blood reinfusion systems [7], different drainag-
es management protocols [8], antifibrinolytic 
medications [9] and etc. Among the these strat-
egies, limb position in the immediate post-oper-
ative period could theoretically affects blood 
loss and ROM following TKA, and the reduction 
in transfusion requirement associated with 
ROM improvement could conversely reduce the 
overall costs [10, 11]. Particularly, it can be 
hypothesized that knee flexion can reduce 
bleeding because of the angulation of popliteal 
vessels, and the subsequent reduced hidden 
blood loss can improve ROM recovery [12].

A full extended position with compressive dre- 
ssing applied to the knee has been tradition- 
ally proposed, notwithstanding various post-
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operative limb positioning regimes could be 
ideally implemented. Although a post-operative 
limb positioning regime (flexion or extension) 
could be an attractive and simple method to 
improve patient’s outcomes after TKA, the out-
come of limb positioning management is still 
under debate [13].

At present, the data regarding the influence of 
knee position on blood loss and ROM following 
TKA are still conflicting. To the best of our 
knowledge, there was no meta-analysis con-
ducted in this area. Therefore, the purpose of 
the present meta-analysis is to evaluate wheth-
er post-operative knee flexion protocol could 
effectively improve ROM restoration and reduce 
blood loss following TKA. The currently meta-
analysis was conducted in order to provide syn-
thesized evidence to this question.

Material and methods

Search strategy

To assemble all of the relevant published stud-
ies, PRISMA compliant searches of MEDLINE, 
EMBASE, Science Direct, OVID, the Cochrane 
CENTRAL database and Google scholar were 
performed for all peer-reviewed studies pub-
lished through Dec 2015 that deal with post-
operative limb positioning regimes after TKA. 
The following search terms were used to maxi-
mize the search specificity and sensitivity: total 
knee replacement, knee prosthesis, postoper-
ative management, blood loss, range of motion, 
leg position, flexion, and extension.

Secondary searches of the unpublished litera-
ture were conducted by searching the WHO 

Figure 1. PRISMA chart accord-
ing with the Preferred Reporting 
Items for Systematic Reviews and 
Meta-Analyses (PRISMA) state-
ment.



Knee position in total knee arthroplasty

17398 Int J Clin Exp Med 2016;9(9):17396-17403

International Clinical Trials Registry Platform, 
UK National Research Register Archive, and 
Current Controlled Trials from their inception to 
Dec 1, 2015. The reference lists of all the full 
text papers were examined to identify any ini-
tially omitted studies. All journals were consid-
ered, but only English papers were taken into 
account.

Inclusive and exclusive criteria

Only randomized controlled trials (RCTs) were 
included if they evaluated the effect of knee 
position during wound closure (flexed vs. ex- 
tended) in TKA on blood loss and/or ROM. All 
patients were adults (>18 years of age) with OA 

or RA. There was no limit to type of knee pros-
theses, surgical technique and severity of dis-
eases. Single case reports, reviews, biome-
chanical studies, in vitro reports and non-com-
parable studies were excluded.

Study selection

Two reviewers independently screened the 
titles and abstracts for the eligibility criteria. 
Subsequently, the full text of the studies that 
potentially met the inclusion criteria were read 
and the literature was reviewed to determine 
the final inclusion. We resolved disagreements 
by reaching a consensus through discussion.

Date extraction

Two of the authors independently extracted  
the following data from each full-text report 
using a standard data extraction form. The 
data extracted from studies included the title, 
authors, sample size, study design, blood loss, 
ROM and post-operative protocols. The corre-
sponding authors of the included studies were 
contacted to obtain any required information 
that was missing. The extracted data were veri-
fied by a third author.

Outcomes

Blood loss and knee ROM after TKA were the 
outcomes of the present study.

Assessment of methodological quality

Following the Cochrane Handbook for Syste- 
matic Reviews of Interventions 5.0, the meth-
odological quality of the RCTs was indepen-
dently assessed by two authors. Any disagree-
ments were resolved by discussion. A third 
author was the adjudicator when no consensus 
could be achieved. 

Data synthesis and analysis

We performed all meta-analysis with the Re- 
view Manager software (RevMan Version 5.1; 
The Nordic Cochrane Center, The Cochrane Co- 
llaboration, Copenhagen, Denmark). For ROM, 
means and standard deviations were pooled  
to a weighted mean difference (WMD) and  
95% confidence interval (CI) in the meta-analy-
sis. As studies used a variety of continuous 
scales to evaluate blood loss, a unit-less mea-
sure of treatment effect size was needed to 
allow the results of various RCTs to be com-
bined. Standardised mean differences (SMDs) 
of blood loss were used to calculate treatment 

Figure 2. Methodological quality of included stud-
ies. This risk of bias tool incorporates assessment of 
randomization (sequence generation and allocation 
concealment), blinding (participants, personnel and 
outcome assessors), completeness of outcome data, 
selection of outcomes reported and other sources of 
bias. The items were scored with ‘yes’, ‘no’, ‘unsure’.
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effect sizes in the mate-analysis. Inverse-Vari- 
ance analysis method was used to combine  
the statistics. A probability of P<0.05 was 
regarded as statistically significant. The asse- 
ssment for statistics heterogeneity was cal- 
culated through chi-square and I-square test. 
I-square <20% implied low statistics heteroge-
neity, a fixed effect model was used. A random 
effect model was used when I-square >20%. 
Publication bias was assessed by funnel plot.

Results

Search results

A total of 218 titles and abstracts were pre- 
liminarily reviewed, of which 9 studies [14-22] 
eventually satisfied the eligibility criteria (Fig- 
ure 1). 713 patients were included in the 9 
studies, 346 in the flexion group and 367 in  
the extension group.

Quality assessment

Among the 9 included studies, 5 RCTs [15, 16, 
18, 21, 22] had a low risk of bias, and other 4 
RCTs [14, 17, 19, 20] had a high risk of bias. 
Two RCTs [15, 16] reported specific methods 
for adequent generation of allocation sequ- 
ence, and four trials [18, 19, 21, 22] reported 
allocation concealment. Whilst surgeon blind-
ing would have been inappropriate in this study 
design, 6 studies [15, 16, 18, 20-22] did not 
report the blindness of their assessors to 
patients group. Only two trials [15, 16] per-
formed the double-blinding to assessors and 
participants. All studies reported that they 
received no grant in support of their research. 
The methodological quality of included studies 
was presented in Figure 2. Judgements about 
each risk of bias item presented as percentag-
es across all included studies in Figure 3.

Figure 3. Risk of bias. Each risk of bias item presented as percentages across all included studies, which indicated 
the proportion of different level risk of bias for each item.

Table 1. Study characteristics of included studies

Studies Design Country Publication 
year

Sample 
size

Mean age  
(years)

Gender  
(m/f) Conflicts 

of interest 
F E F E F E

Wang et al. RCT China 2014 40 40 68.34±7.09 67.87±6.47 7/33 9/31 No
Komurcu et al. RCT Turkey 2014 14 15 66.1±4.8 67.8±5.6 10/4 12/3 No
Li et al. RCT China 2011 55 55 71±6 70±8 15/40 17/38 No
Hewitt et al. RCT UK 2001 86 74 73.4 71.7 41/45 33/41 No
Horton et al. RCT UK 2002 27 28 66.0±13.5 66.01±10.0 11/16 15/13 Yes
Ma et al. RCT Australia 2008 49 46 71.0±9.39 70.6±8.5 24/25 24/22 No
Madarevic et al. RCT Croatia 2011 16 47 70±7 19/44 No
Ong et al. RCT UK 2003 20 20 71 74 8/12 7/13 Yes
Zenios et al. RCT UK 2002 39 42 71.0±7.8 71.3±6.9 13/26 13/29 No
RCT, Randomized controlled trials, F, Flexion group, E, Extension group.
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Demographic characteristics

The demographic characteristics of studies 
included is summarised in Table 1. Nine RCTs 
involving 713 patients were eligible for inclu-
sion, with individual sample size ranging from 
29 to 160 patients. Limb position was flexion in 
346 patients after TKA, while limb position was 

cluded studies had definite inclusion/exclusion 
criteria.

Results of meta-analysis

In 6 studies [14, 16, 18-21] providing blood 
loss between flexion and extension groups, the 
pooled SMD was -0.32 (95% CI: -0.59--0.05). 

Figure 4. Standardized mean difference (SMD) estimate for blood loss.

Figure 5. Weighted mean difference (WMD) estimate for range of motion (ROM).

Figure 6. Funnel plot to assess publication for the most frequently reported 
outcome-ROM.

extension in 367 patients. All 
studies stated the gender of 
their cohorts. All patients had 
been treated with primary 
TKA for OA or RA. The same 
standardized surgical tech-
nique was applied in eight 
studies [14-18, 20-22]. The 
operations were performed  
by a single surgeon in two 
papers [14, 17] and by differ-
ent surgeons in four papers 
[16, 18, 19, 21]; no indica-
tions regarding the operating 
surgeons were supplied in the 
remaining three papers [15, 
20, 22]. There were 4 studies 
undertaken in UK, 2 in China, 
1 respectively in Croatia, Tur- 
key, and Australia. All the in- 



Knee position in total knee arthroplasty

17401 Int J Clin Exp Med 2016;9(9):17396-17403

There was significant difference between the 
both groups (Figure 4). The available data dem-
onstrated that blood loss was significantly re- 
duced in flexion groups compared with exten-
sion groups. Regarding ROM after TKA reported 
in 8 studies [14-19, 21], limb position in  
flexion was superior to in extension (WMD = 
4.47 95% CI: 2.53-6.41) (Figure 5).

Publication bias

The publication bias test was performed by 
ROM. No significant publication bias was 
showed by funnel plot (Figure 6).

Discussion

TKA gained increasing popularity over recent 
years, and both the annual rate of procedures 
and the overall costs are expected to grow over 
the next decades [23, 24]. In order to reduce 
the burden on national health-care resources, 
many attempts have been made to improve 
functional results, whose are strongly influ-
enced by blood loss reduction and ROM resto-
ration [25]. Therefore, more attention have 
been placed on the above two factors. Although 
the development of a strategy of post-operative 
limb management could be a simple and inex-
pensive way to maximize the cost-effectiveness 
of TKA, the results are still in controversy. The 
purpose of the present study was to ascertain 
whether post-operative limb positioning (flexion 
or extension) could effectively improve ROM 
restoration and reduce blood loss following 
TKA.

Meta-analysis is used as the main method in 
the research paper. It is more accurate and reli-
able than regression analysis or original papers. 
Meta-analysis can enhance statistical power 
and enlarger sample size by combining original 
studies, which could provide more robust evi-
dence. Therefore, we conducted a meta-analy-
sis to evaluate the evidence from relevant stud-
ies that examine whether post-operative limb 
positioning (flexion or extension) could effec-
tively improve ROM restoration and reduce 
blood loss following TKA. Furthermore, there 
have been no guidelines or recommendations 
for limb position after TKA. Therefore, there is a 
need for an evidence base to help surgeons 
make clinical decisions and develop optimal 
limb position after TKA. To the best of our 

knowledge, this study is the first meta-analysis 
to evaluate the quality of the evidence investi-
gating the influence of limb position (flexion or 
extension) on blood loss and ROM after TKA.

The most important finding of the present 
meta-analysis is that post-operative knee flex-
ion protocols could effectively reduce blood 
loss and improve ROM after TKA. However, the 
methodological quality assessment identified a 
number of limitations to the current evidence 
base. In many studies, the sample size of the 
comparative groups was small. Although 7 of 
studies included reported the randomization, 5 
did not describe the specific methods of ran-
domization. Thus, we had no enough informa-
tion to determine whether to use the exact ran-
domized methods. Only 4 had reported con-
cealment of randomization, allowing selection 
and allocation bias. Furthermore, no blinding of 
patients and assessors to their surgical proce-
dure in several studies permitted further mea-
surement and expectation bias and potential 
for type II statistical error of these clinical out-
comes. All studies included had the consistent 
baseline, nevertheless no intention to analysis 
(ITT) was performed for withdraws and drop-
outs. In addition, clinical heterogeneity to a cer-
tain degree was induced by different limb posi-
tion regimes and measurement of blood loss 
and ROM. Accordingly, whilst the results of the 
meta-analysis should be considered as appro-
priate, these methodological quality defects 
should be considered when doing interpreta-
tion of the findings.

Some degree of clinical heterogeneity was 
induced by the different surgical technologies 
used, surgical approach, medical co-morbidi-
ties, post-operative limb position regimes, 
severity of diseases, surgical duration, pre-sur-
gical medical status, follow-up times, surgeon’s 
experience, and use of drains. Heterogeneity 
may have also been caused by poor study 
design. Because of limited information got  
from original studies, heterogeneity cannot  
be completely resolved. Accordingly, although 
the results of the meta-analysis should be  
considered appropriate, methodological quality 
defects and clinical heterogeneity should be 
considered when interpreting the findings.

Vessels angulation due to different degrees of 
knee flexion and the increased local tension 
due to the decreased venus return could 
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explain the reduced bleeding. The decreased 
swelling and hidden blood loss in turns facili-
tate ROM restoration by reducing intraarticular 
pressure and capsular tension. Knee stability 
are the primary goals of TKA. Good ROM 
improves function after TKA. Therefore, postop-
erative knee flexion protocol may be a useful 
rehabilitation technique.

The limitations of this meta-analysis mainly 
include the following items: (1) efficacy of sta-
tistics may be further improved by including 
more multi-centers studies with more sample 
size in the future; (2) Owing to the finite of 
included studies, subgroup analysis cannot be 
performed on every sources of heterogeneity. It 
may exert instability on consistency of out-
comes. (3) Long-term follow-up results may 
change the current conclusions.

Conclusion

Based on the current evidence, post-operative 
knee flexion protocols could effectively re- 
duce blood loss and improve ROM after TKA. 
Therefore, a post-operative knee flexion proto-
col should be implemented as an easy and 
inexpensive method of reducing blood loss and 
increasing ROM following TKA. Further high-
quality studies are still required in the future.
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