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Abstract

Purpose A consistent post-operative limb positioning
regime could be an attractive, simple and cost-effective
alternative to improve patient’s outcomes after total knee
arthroplasty (TKA). The aim of this study was to perform a
systematic review of the available literature in order to
understand whether a consistent post-operative limb posi-
tioning regime could affect blood loss and range of motion
(ROM) after TKA.

Methods A search was performed using the keywords
“total knee replacement/knee prosthesis” in combination
with “post-operative management”, “blood loss”, “range
of motion”, “leg position”, “flexion”, “extension” and
“splinting” regardless of the year of publication. The sci-
entific databases have been accessed in order to identify
papers dealing with post-operative limb positioning
regimes after TKA.

Results Seven articles matching the inclusion criteria
were selected. Blood loss and ROM were both investigated
in all but one paper, in which only blood loss was evalu-
ated. There were six randomized controlled trials and one
prospective comparative study. A 48-72 h post-operative
knee flexion protocol seems to be effective in reducing
blood loss and increasing ROM following TKA. We did
also find no benefit in using extension splints in the
immediate post-operative period.

Conclusions Based on the studies undertaken to date, a
48-72 h post-operative knee flexion protocol should be
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implemented as an easy and inexpensive method of
reducing blood loss and increasing ROM following TKA.
Shorter flexion regimes failed to influence these
parameters.

Level of evidence 11.

Keywords Total knee arthroplasty - Post-operative
limb position - Blood loss - Range of motion

Introduction

Total knee arthroplasty (TKA) is a highly effective treat-
ment for knee osteoarthritis and recent reports highlighted
the growing use of TKA in the last decade [18, 30]. Fur-
thermore, TKA has the highest aggregate cost among the
2004-2007 top ten most rapidly increasing procedures in
the USA [18], and many efforts have been made to improve
functional recovery and reduce the length of hospital stay
following this procedure [7]. The early restoration of a
satisfactory knee range of motion (ROM) can improve
patient’s discharge and a decreased transfusion rate could
make the procedure cheaper. Different strategies have been
recently implemented to reduce blood loss and increase
ROM that are thought to be two important factors in
determining the outcomes of TKA [1, 11]. Many of these
strategies such as the use of blood reinfusion systems [22,
28], different drainages management protocols [32], anti-
fibrinolytic medications [5, 17, 25, 31], continuous passive
motion machines [21] and minimally invasive and com-
puter-aided surgical techniques [3, 4, 16, 29] imply strains
on hospital resources, use of expensive equipments or
dedicated surgical instrumentations. Limb position in the
immediate post-operative period could theoretically affects
blood loss and ROM following TKA, and the reduction in
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transfusion requirement associated with ROM improve-
ment could conversely reduce the overall costs [24, 27].
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 [15].

Although a consistent post-operative limb positioning
regime could be an attractive, simple and cost-effective
alternative to improve patient’s outcomes after TKA, the
ideal limb management is still under debate [14]. A full
extended position with compressive dressing applied to the
knee has been traditionally proposed [19], notwithstanding
various post-operative limb positioning regimes could be
ideally implemented. If proven to be effective in reducing
blood loss and increasing ROM, an adequate post-operative
limb positioning regime could be an inexpensive and easily
reproducible method to maximize functional recovery.

The aim of this study was to understand whether a
consistent post-operative limb positioning regime could
effectively improve ROM restoration and reduce blood loss
following TKA. The currently available literature was
analyzed in order to provide an answer to those questions.

Materials and methods

A search was performed using the keywords “total knee
replacement/knee prosthesis” in combination with “post-
operative management”, “blood loss”, “range of motion”,
“leg position”, “flexion”, “extension” and “splinting”
regardless of the year of publication. Scientific databases
have been accessed in order to identify papers dealing with
post-operative limb positioning regimes after TKA.

The following databases were accessed on 1 June 2013:
PubMed (http://www.ncbi.nlm.nih.gov/sites/entrez/); Ovid
(http://www.ovid.com); Cochrane Reviews (http://www.
cochrane.org/reviews/); and Google Scholar. All journals
were considered, but only English papers were taken into
account. Literature reviews, instructional courses, biome-
chanical and in vitro reports, surgical techniques and letters
to the editors were excluded. Two authors (MD, FT) read
the abstracts and excluded the articles that were considered
unrelated to the topic of the study. When the abstract was
not available, the title of the paper was used to judge its
relevance. In case of doubt about inclusion of an article, the
senior author (CF) made the decision.

A cross-referencing process was used to find further
relevant publications from the retained articles. The papers
were analyzed searching information regarding post-oper-
ative limb position regimes, blood loss and ROM after
TKA.

From a total number of 1,415 retrieved articles, after
abstract or title page evaluation 1,374 articles not matching

853
1,415 articles
(abstracts)
1,374 articles not
,l, matching the inclusion
criteria
41 articles
(full text)
Cross referencing
| (1 article)
42 articles
(full text)

35 irrelevantor
unrelated to the topic

—

| 7 final manuscripts |

Fig. 1 Search strategy

the inclusion criteria were excluded. The full text version
of the remaining 41 articles was obtained, and the reference
lists were screened, finding another article relevant to the
topic at hand. The contents of these 42 articles were then
discussed by all co-authors, and 35 papers not dealing with
post-operative limb positioning regimes following TKA
were excluded, thus leaving 7 articles available for the
review (Fig. 1).

Two of us (MP, AS) independently assessed the meth-
odological quality of the papers according to the Cochrane
Bone, Joint and Muscle trauma Group quality assessment
tool [26], and any final disagreement was resolved by the
senior Author’s decision. This form allows to rate the
methods of randomization, the presence of blinded asses-
sors, the type of outcomes assessed, the effectiveness of
clinical tests used, etc. (see http://bjmtg.cochrane.org/sites/
bjmtg.cochrane.org/files/uploads/Coding%20Manual.pdf).

Data from the relevant articles were collected onto an
anonymous data extraction form.

Results

As previously discussed, 7 articles matched the inclusion
criteria [8, 9, 14, 19, 20, 23, 33]. There were one pro-
spective comparative study [8] and six randomized con-
trolled trials [9, 14, 19, 20, 23, 33]. Blood loss and ROM
were both evaluated in all but one [20] study, in which only
blood loss was investigated. Details about the type of
study, level of evidence, demographics pre-operative sta-
tistical differences between the groups and total number of
patients involved were summarized in Table 1.

The inclusion criteria were exhaustively described in
five articles [9, 14, 19, 23, 33], and a power analysis was
performed in four [9, 14, 19, 20]. As a result, the adequate
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definition of inclusion parameters in association with the
statistical assessment of the correct samples size was
present in three articles [9, 14, 19].

Randomization using the closed envelope technique was
realized in four studies [9, 19, 23, 33], calendar randomi-
zation [20] and random number list [14] were used in the
other two.

The same standardized surgical technique was applied in
six studies [8, 9, 14, 20, 23, 33]. In the paper by Ma et al.
[19], lateral release for patellar maltracking was performed
in six patients in the flexion group and in one patient in the
extension group; however, statistical subgroup analysis

Table 1 Studies design and number of patients enroled

Authors Type of study L.E.* Demographics** No of
patients

Lietal. [14] RCT 2 No difference 110

Ma et al. RCT No difference 95
[19]

Madarevic RCT 2 No difference 127
et al. [20]

Ong et al. RCT 2 No difference 60
[23]

Hewitt et al.  Prospective 3 No difference 160
[8] comparative

Zenios et al. RCT 2 No difference 81
[33]

Horton et al. RCT 2 No difference 55

[9]

* Level of evidence

** Pre-operative statistical significant difference between groups in
terms of age, gender, pre-operative diagnosis or body mass index

Table 2 Post-operative protocols

revealed no difference in the results excluding these
patients.

The operations were performed by a single surgeon in
one paper and [8] by different surgeons in four papers [9,
14, 19, 23]; no indications regarding the operating surgeons
were supplied in the remaining two papers [20, 33]. Since
implant design is thought to influence ROM [2] implants
used were evaluated founding four studies [14, 19, 20, 33]
in which the same prosthetic model was implanted.
Although Horton et al. [9] reported the use of the same
prosthetic design, patella was replaced in four out of 23
cases in the splint group and in three out of 25 cases in the
no-splint group, with no statistical difference.

Post-operative limb position protocols involved the use
of extension splints [9, 33], short [19, 20, 23] or long
flexion regimes [8, 14] (Table 2). Active quadriceps exer-
cises, straight leg raise initiatives and active or passive
ROM exercises using continuous passive motion machines
were commenced during the first [8, 14, 19] or the second
[9] post-operative day, and rehabilitation protocols were
not described in three studies [20, 23, 33].

A blinded outcome assessment was present in only two
studies, whose quality level was higher [9, 14] (Table 3).
Three studies revealed significant differences in terms of
blood loss [14, 23, 33] (Table 4). Significant results per-
taining to ROM were reported in three papers [8, 14, 33]
(Table 5).

Length of hospitalization was assessed in five articles [8,
9, 19, 20, 23], and no difference were recorded in 4 [9, 19,
20, 23]. In the remaining article [8], hospitalization aver-
aged 9.00 days in the flexion group and 10.04 days in the
extension group (p = 0.048).

Authors Study groups

Li et al. Extension (n = 55): leg elevated 30° at the
[14] hip, knee extended 72 h post-operatively

Ma et al. Extension (n = 46): knee extended at the bed
[19] level
Madarevic  Controls (n = 47): Flexion (n = 16):
et al. [20] knee extended at knee flexed 90° 6 h
the bed level, post-operatively,
standard crepe standard crepe
bandage bandage crepe bandage
Ong et al.  Group 1 (n = 20): knee extended at the bed
[23] level
Hewitt Flexion (n = 86): knee flexed 90° 48 h post-
et al. [8] operatively
Zenios Splint (n = 42): knee splinted in extension
etal. [33]  until straight leg raise was possible
Horton Splint (n = 27): knee splinted in extension
et al. [9] 48 h post-operatively

Compression (n = 19): compression
with elastic bandage + elevation 70°
6 min after tourniquet release, knee
extended at the bed level, standard

Group 2 (n = 20): Hip flexed 35°,
knee flexed 70° 6 h post-operatively

Flexion (n = 55): leg elevated 30° at the hip, knee flexed 30° 72 h post-
operatively

Flexion (n = 49): knee flexed 70°, Hip flexed 70° 24 h post-operatively

Compression and flexion (n = 45):
compression with elastic
bandage + elevation 70° 6 min after
tourniquet release, knee flexed 90° 6 h
post-operatively, standard crepe
bandage

Group 3 (n = 20): Hip flexed 35°, knee
extended 6 h post-operatively

Extension (n = 74): knee extended 48 h post-operatively
No splint (n = 39): no splint, flexion allowed as tolerated

No splint (n = 28): no splint, flexion allowed as tolerated
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Table 3 Outcomes assessed and quality level of the studies: blinded
outcomes assessment, an adequate power analysis and an exhaustive
description of the inclusion criteria allow the studies by Li et al. and
Horton et al. to get the highest quality score

Authors Outcome measures Assessors  QAT?
(B/N)
Li et al. Total blood loss, hidden blood B 20
[14] loss, knee circumference, fixed
flexion deformity, ROM
Ma et al. Drain volume, fall in N 16
[19] haemoglobin, fall in
haematocrit, blood transfusion,
number of patients requiring
transfusion, length of hospital
stay, ROM
Madarevic  Total blood loss, fall in N 16
et al. [20] haemoglobin level, fall in
haematocrit, fall in red blood
cell, length of hospital stay
Ong et al.  Drain volume, fall in N 16
[23] haemoglobin, blood transfusion,
knee circumference, length of
hospital stay, ROM
Hewitt Blood loss, fixed flexion N 14
et al. [8] deformity/ROM/maximum
flexion, length of hospital stay
Zenios Drain volume, fixed flexion N 16
et al. [33] deformity, ROM
Horton Blood transfusion, fixed flexion B 20
et al. [9] deformity, ROM, length of

hospital stay

B assessors blinded, N assessors not blinded

* Cochrane Bone, Joint and Muscle trauma Group quality assessment
tool

Complication rates were similar between groups in five
papers [8, 14, 19, 23, 33], and complications were not
mentioned in one [20]. Horton et al. [9] found 1 wound
complication in the no-splint group, 1 deep vein throm-
bosis, 1 fatal pulmonary embolism and 1 case of stiffness
requiring manipulation under anaesthesia in the splint

group.

Discussion

The most important finding of the present study is that
2-3 day post-operative knee flexion protocols could
effectively improve the outcomes of TKA.

Total knee arthroplasty (TKA) gained increasing popu-
larity over recent years, and both the annual rate of pro-
cedures and the overall costs are expected to grow over the
next decades [13, 18, 30]. In order to reduce the burden on
health-care resources, many attempts have been made to
improve functional results, whose are strongly influenced
by blood loss reduction and ROM restoration [1, 11]. In

this contest, the development of a consistent strategy of
post-operative limb management could be a simple and
inexpensive way to maximize the cost-effectiveness of this
surgery.

This systematic review brought together and summa-
rized the results of different studies pertaining to the effect
of post-operative limb positioning on blood loss and ROM
following TKA. Our goal was to ascertain whether a con-
sistent post-operative limb positioning regime could
effectively improve ROM restoration and reduce blood loss
following TKA.

Based on the studies undertaken to date, a 48—72 h post-
operative knee flexion protocol should be implemented as
an easy and inexpensive method of reducing blood loss and
increasing ROM following TKA. Shorter flexion regimes
failed to influence these parameters. We also did not find
any benefit in using extension splints in the immediate
post-operative period (Fig. 2). Although the quality of
evidence available seems to be satisfactory, since only
prospective studies or randomized trials have been inclu-
ded in this review, no definitive conclusions can be drawn
about the amount of flexion required.

Vessels angulation due to different degrees of knee
flexion and the increased local tension due to the decreased
venus return could explain the reduced bleeding, and the
results of this study suggested this mechanism to be
effective only for 48 h or longer flexion protocols. The
decreased swelling and hidden blood loss in turns facilitate
ROM restoration by reducing intraarticular pressure and
capsular tension.

We acknowledge some limitations in this study. First,
the noticeable heterogeneity in outcome measures and the
presence of different subgroup analysis ranging from 2 to 4
throughout the seven retained manuscripts precluded the
possibility of a more structured and accurate aggregation
and comparison of the results. Second, this study failed to
demonstrate a correlation between post-operative limb
management and length of hospitalization, which should be
considered the most relevant factor in improving TKA
cost-effectiveness. However, since manifold factors can
influence length of hospitalization following TKA [10], it
seems too hard to isolate the effect of blood loss reduction
and ROM restoration on this parameter.

The seven retained articles were analyzed in terms of
methodological quality, randomization methods, sample
size and outcome measures.

Methodological quality appears to be sufficient
(Table 3) and this is in line with the level of evidence of
the retrieved studies (Table 1). However, it must be
emphasized that blinded outcome assessors were present in
only two studies (Table 3); therefore, biases in the
reporting of subjective outcome measures (i.e. ROM) could
be expected. On the other hand, the objective general
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Table 4 Effectiveness of various regimes on blood loss

Authors

Outcome measures

Groups

Significant differences

Li et al. [14]

Ma et al. [19]

Madarevic et al. [20]

Ong et al. [23]

Hewitt et al. [8]

Zenios et al. [33]

Horton et al. [9]

Total blood loss, hidden blood loss,
knee circumference (day 3, 7)

Drain volume, day 1 fall in
haemoglobin, day 1 fall in
haematocrit, blood transfusion,
number of patients requiring
transfusion

Total blood loss, day 1 and 2
fall in haemoglobin level, day
1 and 2 fall in haematocrit, day
1 and 2 fall in red blood cell

Drain volume, day 6 fall in
haemoglobin, blood
transfusion

Blood loss

Drain volume

Blood transfusion

(1) Extension
(2) Flexion

(1) Extension
(2) Flexion

(1) Controls

(2) Flexion

(3) Compression

(4) Compression and flexion
(1) Knee extended

(2) Knee flexed, leg elevated
(3) Knee extended, leg elevated

(1) Flexion
(2) Extension
(1) Splint

(2) No splint

(1) Splint

Hidden blood loss:
(1) 611 = 99 ml

(2) 566 & 83 ml
p=0015

Knee circumference day 3:
1)5.7 £21

(2)3.0 £ 0.7

p = 0.000

Knee circumference day 7:
(1)48 £ 19
2)21+£05

p = 0.000

None

None

Haemoglobin loss

(1) 4.8 g/dl

(2) 3.6 g/dl

(3) 3.6 g/dl

p = 0.018 (1 vs. 2-3)

None

(1) 874.4 (383.8) ml
(2) 1,374.2 (624.0) ml
p < 0.001

None

(2) No splint

difficulties in conducting randomized controlled trials in an
orthopaedic setting should mitigate this assignment.

Post-operative limb position regimes were very different
among the studies since the effectiveness of short (24 h or
less) high-degree flexion protocols [19, 20, 23] or longer
protocols (48 h or more) involving mild [14] or high [8]
degree of knee flexion and the use of post-operative
extension splints [9, 33] were investigated (Table 3).
Regimes duration rather than knee position seems to be the
most relevant difference.

Noticeable variability among the selected articles was
also recorded regarding the parameters used to measure
blood loss and ROM. The thorough assessment of blood

@ Springer

loss, by measuring total blood loss [6], hidden blood loss
and knee circumference, which indirectly refers to hidden
blood loss [15], was present just in one study [14], different
parameters were variously estimated in other five papers [9,
19, 20, 23, 33], whereas Hewitt et al. [8] did not mention
the method of blood loss estimation (Table 3).

Range of motion (ROM) restoration was consistently
evaluated in three studies [9, 14, 33] in which fixed flexion
deformity, early and late ROM following TKA were
assessed, whereas just early [23] or late [8, 17] ROM was
investigated in the other three articles (Table 3).

In the light of the results of this systematic review, the
duration of post-operative knee flexion seems to be crucial,
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Table 5 Effectiveness of

. . Authors
various regimes on ROM

Outcome measures

Li et al. [14]

Ma et al. [19]

Ong et al. [23] Day 6 ROM

Hewitt et al. [8]

Fixed flexion deformity
(day 3, 7, 6 weeks), ROM
(day 3, 7, 6 weeks)

6 weeks ROM

6-week fixed flexion
deformity/ROM/

857
Groups Significant differences
(1) Extension ROM day 3:
(2) Flexion (1) 51 £ 18
(2) 64 £ 12
p = 0.000
ROM day 7:
1) 71 £ 13
(2) 80 £ 15
p = 0.004
(1) Extension None
(2) Flexion
(1) Knee extended None

(2) Knee flexed, leg elevated
(3) Knee extended, leg elevated
(1) Flexion

(2) Extension

6-week max flex:
(1) 104.82

maximum flexion

Zenios et al. [33]

Horton et al. [9]

3 months)

Fixed flexion deformity
(day 5, 6 weeks), ROM
(day 5, 6 weeks)

Fixed flexion deformity,
ROM (day 2, 1 week,

(2) 98.18

p = 0.003
6-week ROM:
(1) 99.94

(2) 92.04

p = 0.002
ROM day 5:
(1) 63.2 (17.6)
(2) 73.8 (10.7)
p = unspecified
ROM 6 weeks:
(1) 86.7 (15.0)
(2) 96.3 (12.2)
p = unspecified

(1) Splint
(2) No splint

(1) Splint None

(2) No splint

since longer post-operative flexion regimes proved to be
beneficial. Li et al. [14] showed better results in terms of
hidden blood loss, knee circumference and early ROM
using a 72-h mild knee and hip flexion regime. The authors
claim that hidden blood loss reduction positively affects
rehabilitation after TKA because it reduces knee swelling
and joint effusion, which in turn arouse quadriceps inhi-
bition and quadriceps weakness [14, 26]. Hewitt et al. [8]
reported significantly better late ROM using a 90° knee
flexion regime 48 h post-operatively, without blood loss
difference. However, blood loss was inconsistently evalu-
ated in this paper. Shorter regimes ranging from 6 to 24 h
of post-operative knee flexion failed to influence blood loss
and ROM [19, 20, 23]. Although knee flexion for 48-72 h
post-operatively determines outcomes improvement, it was
suggested that prolonged knee flexion following surgery
might increase the risk of wound complications [12]

making it necessary closer patient’s monitoring. However,
no difference in complication rates were found in 4 out of 5
studies comparing flexion to extension regimes [8, 14, 19,
23], and no mention to complications was reported in the
other one [20]. Finally, another possible concern with
flexion protocols is the likely increase in discomfort.

The use of extension splint revealed to be ineffective [9]
or even harmful in terms of ROM restoration [33]. Drain
volume reduction was reported by Zenios et al. [33] in the
splint group; however, no differences in transfusion rates
were found, and hidden blood loss was not estimated.

Only one paper [8] reported a significant reduction in the
length of hospital stay following a 48-h knee flexion pro-
tocol; nevertheless, this statement is questionable since a
lot of different variables can theoretically influence hos-
pitalization after TKA [10], and no difference in hospital-
ization was reported in other four papers [9, 19, 20, 23].
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Postoperative
Limb position regimes

RN

Flexion
protocols

/N

Extension
protocols

Long regimes Short regimes

(48-72h) (6-24h)
v
1 Blood loss

Fig. 2 Flow-chart showing the most relevant findings of this review

Conclusion

Longer post-operative knee flexion protocols seem to be
effective in reducing blood loss and increasing ROM fol-
lowing TKA, and the use of extension splint revealed no
benefit (Fig. 2). These findings suggest that long post-
operative knee flexion protocols should be implemented as

an

easy and cost-effective way to improve the outcomes of

TKA.
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