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Background: The aim of this study was to assess the preventive value of active ankle movements in the formation of low-
er-extremity deep venous thrombosis (DVT), attempting to develop a new method for rehabilitation nursing
after orthopedic surgery.

Material/Methods: We randomly assigned 193 patients undergoing orthopedic surgery in the lower limbs into a case group (n=96)
and a control group (n=97). The control group received routine nursing while the case group performed active
ankle movements in addition to receiving routine nursing. Maximum venous outflow (MVO), maximum venous
capacity (MVC), and blood rheology were measured and the incidence of DVT was recorded.

Results: On the 11* and 14* days of the experiment, the case group had significantly higher MVO and MVC than the
control group (all P<0.05). The whole-blood viscosity at high shear rate and the plasma viscosity were signifi-
cantly lower in the case group than in the control group on the 14 day (both P<0.05). During the experiment,
a significantly higher overall DVT incidence was recorded in the control group (8 with asymptomatic DVT) com-
pared with the case group (1 with asymptomatic DVT) (P=0.034). During follow-up, the case group presented
a significantly lower DVT incidence (1 with symptomatic DVT and 4 with asymptomatic DVT) than in the con-
trol group (5 with symptomatic DVT and 10 with asymptomatic DVT) (P=0.031).

Conclusions: Through increasing MVO and MVC and reducing blood rheology, active ankle movements may prevent the for-
mation of lower-extremity DVT after orthopedic surgery.
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Background

Venous thromboembolism, including deep vein thrombosis
(DVT), has long been recognized as the most frequent compli-
cation within 7 to 14 days after orthopedic surgery, especially
total joint arthroplasty [1]. Without prophylactic therapy, the
incidence of DVT and pulmonary embolism reaches up to 60%
following orthopedic surgery [2]. The possible damage to the
vessel wall during the operation, the venous stasis caused by
long-term bed rest, and the hypercoagulability of the blood
after the surgery are the 3 main reasons for the formation of
DVT [3]. In most cases, the thrombi resolve spontaneously;
however, some of them (about 1~4%) may develop into symp-
tomatic and even fatal DVT [4]. Due to fear of the formation
of DVT after orthopedic surgery, some patients even refuse to
receive orthopedic surgery, which could be the best solution
for their diseases [5]. Therefore, a preventive approach to re-
duce the incidence of postoperative DVT is of great importance.

After orthopedic surgery, doctors usually give 2 kinds of an-
tithrombotic therapies: mechanical thromboprophylaxis and
pharmacological thromboprophylaxis [6]. However, the bene-
fit of the above-mentioned methods is impaired by the high
cost of mechanical thromboprophylaxis and the adverse ef-
fects of pharmacological thromboprophylaxis [7]. In this con-
text, further research is needed. When people walk, there
are 4 impulse-aspiration pumps synchronously working: foot
pump, leg pump, popliteal pump, and thigh pump [8]. Because
they are both related to the calf muscle, the leg pump and the
popliteal pump are collectively referred to as the calf muscle
pump (CMP), which is the most important pump in the low-
er limb [9]. It has been suggested that deficient calf muscle
function (CMPV) is a causative factor in chronic venous dis-
eases [10]. In addition, ankle joint movement is integral to the
activation of the CMP [11]. Taken together, these facts suggest
that, for patients without ankle trauma, active ankle movement
is a cost-effective approach to activate the CMP in the lower
limb and thus reduce the risk of DVT after orthopedic surgery.

In the present study we investigated the effect of active an-
kle movement in the prevention of DVT in the lower limbs af-
ter orthopedic surgery, aiming to reduce financial costs for
patients, accelerate postoperative recovery, and improve pa-
tient satisfaction.

Material and Methods

Ethic statement

This study was conducted with the approval of the Ethics
Committee of Linyi People’s Hospital. All aspects of the study
complied with the Declaration of Helsinki [12] and written
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consent was received from each patient or their families be-
fore the examination.

Subjects

In this study, we enrolled 193 patients, who underwent lower-
extremity orthopedic surgery in Linyi People’s Hospital between
January 2013 and September 2014. Using a random number
table, we allocated enrolled patients into either a case group
(n=96) or a control group (n=97). Inclusion criteria were: (1)
patients who had no history of hip joint replacement, femo-
ral head replacement, or knee joint replacement; (2) patients
with no confirmed DVT by color Doppler ultrasonography; and
(3) patients who accepted all the required examinations and
had no communication obstacles. Exclusion criteria were: (1)
patients with combined lower-extremity DVT before the oper-
ation; (2) patients with dysemia before the operation; (3) pa-
tients with combined hypertension or myocardial infarction;
(4) patients with such hemorrhagic diseases as combined cere-
brovascular diseases; and (5) patients treated with antithrom-
botic drug or estrogen a month before the operation.

Routine nursing

Both groups comprised patients who underwent total hip joint
replacement, femoral head replacement, or knee joint replace-
ment. All the included patients presented no symptoms or signs
of DVT at the end of the operations according to the results
of color Doppler ultrasound examination of the lower limbs.
The routine post-operation nursing for both groups included:
(1) antibiotic injection; (2) X-ray examination for detecting the
location of the prosthetic joints before the patients left their
bed; (3) instructions for performing joint movements in the un-
fixed joints and muscle contraction, and massage on the lower
limbs; and (4) regular follow-ups, during which patients took
antithrombotic drugs, pain-killers, and antibiotics, as required.

Intervention by active ankle movements

In addition to the routine nursing, patients in the case group
were required to perform active ankle movements on the first
day after the operation. Before the experiment, the attending
doctor explained to the patients in the case group the bene-
fits of active ankle movements. After receiving written consent
from the patients, the attending doctors gave detailed instruc-
tions and helped patients perform active ankle movements. The
patients were required to perform active ankle movements in
strict accordance with the instructions every day.

Instructions of active ankle movements were: (1) movements
should be made in an active way; (2) an ankle movement com-
posed of 20° dorsal flexion, 30° varus, 40° plantar flexion, and
30° valgus flexion in sequence; (3) the ankle movements were
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made at a frequency of 30 times/min and at a cycle of 8 min, 1
cycle every 30 min, and 20 cycles each day (during the 15t~14t
days after the operation; 7 cycles in the morning, 7 cycles in
the afternoon, and 6 cycles in the evening).

The experimental evaluation was conducted by staff blind-
ed to the grouping and clinical data of the included patients.

Measurement of maximum venous outflow (MVO) and
maximum venous capacity (MVC)

The plethysmographic measurements of MVO and MVC were
performed on days 1, 2, 5, 7, 9, 11, and 14 postoperative-
ly in all patients. Air plethysmography was used to measure
MVO and MVC. The patients were asked to lie on their backs,
with a 25-cm-thick cushion placed under their heels and their
knees bending outward. A 12-cm-wide blood pressure cuff was
wrapped around the proximal thigh and another 10-cm-wide
blood pressure cuff wrapped around the largest part of the
calf. After a brief rest, a 10-cm-wide blood pressure cuff was
inflated to reach a pressure of 5.3 kPa (40 mmHg) and then
deflated to keep the pressure at 2.0 kPa (15 mmHg), and the
polysomnography was conducted at 5mm/s. At the same time,
the 12-cm-wide blood pressure cuff was inflated and reached
a pressure of 10 kPa (75 mmHg) and then deflated to keep
the pressure at 8.0 kPa (60 mmHg). The rise in the plethys-
mography curve for the calf was observed. Two to three sec-
onds after the curve reached its highest point, the 12-cm-wide
blood pressure cuff was deflated quickly and completely, fol-
lowed by a rapid decline of the curve. MVC was calculated as
the vertical distance from the baseline to the highest point
of the curve. MVO was calculated by drawing a vertical line
from the point at 3 s after the complete deflation to meet the
endpoint of the declining line, and the vertical distance of the
starting point to the meeting point was defined as MVO. For
each operation, 1 person was specifically assigned to timing
and the data were recorded as those presented on the screen.

Measurement of hemorheology

A fully-automatic hemorheologic analyzer and paired reagents
(F280SC, Chongging Weiduo Technology Co., Ltd.) were used
for recording the hemorheologic changes on days 1 and 14
postoperatively in all patients by measuring the whole-blood
viscosity at high and low shear rates, the plasma viscosity, and
the fibrinogen concentration.

Detection of DVT

During the experiment, all patients were under careful obser-
vation. When symptoms and signs of DVT were detected, the
patients were given an examination of the lower limbs with
color Doppler ultrasound (VIVID7; CE, USA) and then evaluated.

CLINICAL RESEARCH

The diagnostic criteria for lower-extremity DVT were: (1) pa-
tients had a rapid onset accompanied with increasing pain or
sharp pain and had pressing pain in the femoral triangle or
shank; (2) patients had excessive swelling; (3) patients had a
dark red affected limb and had increased body temperature;
(4) patients had an affected limb with excessive distension
in the superficial vein; and (5) patients had positive Homan’s
signs. Postoperative patients with these 5 clinical symptoms
and 2 or more DVT signs were highly suspected to have DVT
if they did not have acute arterial embolism, acute lymphan-
gitis, erysipelas, injuring hematoma at the shank, or fibrofas-
citis at the shank. [13].

Follow-up

Of the 193 included patients, 184 patients were followed up
for 6 months after the experiment, with 93 in the case group
and 91 in the control group. In the first month, contacts with
the patients were made weekly. If any DVT signs were found,
patients were told to make a return visit to the doctors and re-
ceive color Doppler ultrasonography on the lower limbs. Those
patients with no DVT signs in the first 3 weeks received color
Doppler ultrasonography of the lower limbs in the fourth week
and were evaluated in terms of their susceptibility to DVT. In
the following 5 months, contacts were made at a frequency of
once a month. Patients who reported clinical symptoms of DVT
at the contact immediately received color Doppler ultrasonog-
raphy of the lower limbs, while those who did not report clini-
cal symptoms of DVT received color Doppler ultrasonography
at the end of each month. The incidence of DVT was recorded.

Statistical analysis

Data analyses were conducted with SPSS 18.0 (SPSS Inc.,
Chicago, IL, USA). The qualitative data were analyzed with the
chi-squared test and rank-sum test [14] while the quantitative
data were analyzed with repeated measures test [15]. The other
data were analyzed using the t test and are presented as mean
+ standard deviation. For data following non-normal distribu-
tion, the non-parametric Mann-Whitney U test was used [16].

Results

Baseline characteristics

The case and control groups were highly similar in age, sex
distribution, pathological type, anesthesia method, operative
site, the use of antithrombotic drug (rivaroxaban and LMWH),
vitamins, antibiotics, and analgesics, as well as the duration
of out-of-bed exercise and duration of time in bed per day (all
P>0.05) (Table 1).
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Table 1. The baseline characteristics of the case group and the control group.

Case group
(n=96)

Age (years) 53.6+5.4
CGendertw® 7ne
CDiseaselocation
"""" leftlmb a5
"""" Right tmb 34
"""" Both limbs 17
Anesthesia methods
"""" Geneal 78
"""" intravertebral 19
"""" other 1
Csugialste
"""" Hipfthigh e
"""" knee ;L
| Antithrombotic reagent
"""" Rvaroxaban 12
"""" wws s
Antibiotic (day) a1s11
Analgesic w
Cvimin 15
Exercise off bed per day (min) 533169
Timeoflyinginbed 106:12

Control group

2
=) & d
54.3+6.4 0.819 0.414
72/24 0.749 0.387
44
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr 0.263 0.877
37
15
73
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr 0.494 0.781
21
2
61 0.495 0.482
36
9
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr 0516 0.472
88
BAC-HIM 1.193 0.235
36 0.136 0.713
19 2.088 0.149
54.9+6.2 1.591 0.113
10.9+1.4 1.598 0.112

M — male; F — female; LMWH — low molecular weight heparin.
MVO

In the first 14 days after the operation, the cases and the con-
trols had increasing MVO levels (case: F=30.440, P<0.001; con-
trol: F=18.910, P<0.001) and showed significant differences on
the 11* day and 14t day (11* day: t=2.217, P=0.028; 14t day:
t=2.860, P=0.005) (Table 2).

mvc

An increasing trend in MVC level were identified in both the
case group and the control group in the first 14 days after
the operation (the case group: F=94.320, P<0.001; the control
group: F=52.440, P<0.001). On the 11 day and 14 days, a
significant difference in the MVC levels was found between the
case group and the control group (11* day: t=2.304, P=0.022;
14t day: t=3.098, P=0.002) (Table 3).

Blood rheology

On the first day after the operation, no significant differenc-
es between the case group and the control group were identi-
fied in whole blood viscosity at both high and low shear rate,
plasma viscosity, and fibrinogen concentration (all £>0.05). On
the 14 day after the operation, cases and controls had signif-
icantly lower whole-blood viscosity at low shear rate (cases:
11.87+0.87 vs. 12.29+0.78, controls: 12.07+0.62 vs. 12.34+0.69,
both P<0.05) and significantly higher expressions of fibrino-
gen concentration (cases: 2.39+0.76 vs. 2.15+0.67; controls:
2.3240.65 vs. 2.12+0.52, both P<0.05) compared to the first day
after the operation. The cases had significantly lower whole-
blood viscosity at high shear rate and plasma viscosity than
the controls (whole-blood viscosity at high shear: 5.62+0.48
vs. 5.84+0.34; plasma viscosity: 1.91+0.18 vs. 2.01+0.18, both
P<0.05) (Table 4).
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Table 2. The maximum venous outflow (mmHg) of the case group and the control group during the experiment.

Control group Case group ¢ p
(n=97) (n=96)

15t day 11.84+2.02 12.18+2.13 1.135 0.258
2" day 12.06+2.78 12.24+2.27 1.398 0.164
5t day 12.57+2.03 12.80+2.13 0.766 0.445
7t day 12.78+2.17 13.10+2.27 0.998 0.319
9t day 13.58+2.50 14.13+2.18 1.625 0.106
11t day 14.08+2.88 14.90+2.20* 2.217 0.028
14t day 14.27+2.36 15.24+2.34* 2.86 0.005
F 18.91 30.44 - -
P <0.001 <0.001 = =

* Refers to significant difference (P<0.05) between the case group and the control group.

Table 3. The maximum venous capacity (mmHg) of the case group and the control group during the experiment.

Control group

Case group

(n=97) (n=96) f i
1%t day 5.47+2.23 5.82+1.94 1.16 0.247
C Mday 589:216 6220206 L83 028
© shday  640:189 673187 126 0226
 7vday 669190 708s198 132 0165
 ohday 7914231 1 8361187 e84 014
"""""" 1i"day ~ 897+303  osl97 2304 o002
"""""" l4"day  1013+253  1119#220° 3008 0002
"""""" Fo szaa  eazm o~
- r @01 o - -

* Refers to significant difference (P<0.05) between the case group and the control group.

The incidence of DVT at the end of the experiment

(total DVT incidence of 15.5%); 5 with symptomatic DVT (5.2%)
and the other 10 with asymptomatic DVT (10.3%). The differ-
ence in the total incidence of DVT was significant between the

At the end of the experiment, no patient was diagnosed with
symptomatic DVT, and 1 patient in the case group and 8 pa-
tients in the control group were diagnosed with asymptom-
atic DVT. The total incidence of DVT was significantly differ-
ent between the case group and the control group (1/96 vs.
8/97, P=0.034) (Table 5).

The incidence of DVT at the end of the follow-up

At the end of the follow-up, another 5 cases were diagnosed
with DVT (total DVT incidence of 5.3%); 1 with symptomatic
DVT (1.0%) and the other 4 with asymptomatic DVT (4.2%). In
the control group, 12 more controls were diagnosed with DVT

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

case group and the control group (5.3% vs. 15.5%, P=0.031)
(Table 6). As shown in Figure 1, the patients with symptomat-
ic DVT had observable limb swelling and sharp pain and were
diagnosed using color Doppler ultrasonography.

Discussion

An important reason for developing postoperative DVT is ve-
nous stasis or slow venous return in the lower limb caused by
prolonged bed rest after orthopedic surgery [17]. In the pres-
ent study, we recorded MVO, MVC, and the changes of blood
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Table 4. The hemorheological changes in the case group and the control group during the experiment.

Control group Case group
(n=97) (n=96)
Whole blood viscosity at high shear rate (mpas)

"""" t*dyy 595046 5891056

14* day 5.84+0.34 5.62+0.48*#
_ Whole blood viscosity at low shear rate (mpas)
"""" ttdyy  123m069 1229078
"""" vday om0  1187s087*
CPlasmaviscosity (mpas)
"""" t*dy  a0st019 201021

14 day 2.01+0.18 1.9140.18**
Fibrinogen concentration (mpas)
"""" ttdy 210 215067
"""" vy 23;s0s 230076

* Refers to significant difference (P<0.05) of with-in group comparisons with the values detected on the 1t day # refers to significant
difference (P<0.05) of between group comparisons with the values detected on the same day.

Table 5. The incidence of DVT during the experiment.

Total number of

Patients with symptomatic

Patients with asymptomatic

DVT DVT
Case group (n=96) 0 (0.0%) 1 (1.0%) 1 (1.0%)
——————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————— 0.034
Control group (n=97) 0 (0.0%) 8 (8.2%) 8 (8.2%)

DVT - deep vein thrombosis.

Table 6. The incidence of DVT during the follow-up.

Patients with symptomatic

Patients with asymptomatic Total number of
DVT ')

Case group (n=96) 1 (1.0%) 4 (4.2%) 5 (5.3%)

Control group (n=97) 10 (10.3%) 15 (15.5%)

DVT - deep vein thrombosis.

rheology indexes along with DVT incidence after orthopedic
surgery, aiming to explore the preventive effect of active an-
kle movement on the development of DVT.

The normal operation of the lower-extremity venous sys-
tem relies on the venous valves and a complex system of im-
pulse-aspiration pumps [18]. CMP, the most important pump
in the lower limb, is the motive force to return blood to the
heart; an inefficient CMP may lead to chronic venous insuf-
ficiency [19,20]. Whole-body flexibility and coordination can
be improved using the knowledge that the CMP depends on

ankle joint mobility and competency of veins, and that active
movement has better results in the prevention of DVT than
passive movement [21]. Therefore, we believe that active an-
kle movement can activate the CMP and thus promote vein
circulation in the lower limbs and prevent formation of post-
operative DVT in patients undergoing lower-extremity ortho-
pedic surgery. In our case-control study we observed signif-
icantly higher MVO and MVC and markedly improved blood
rheology in the cases on the 14" day than in the controls.
Thus, it is safe to conclude that active ankle movement com-
bined intervention has better efficacy than routine nursing
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Figure 1. Observable limb swelling of patients with symptomatic DVT (A) and color Doppler ultrasonography for diagnosing

symptomatic DVT (B).

in promoting venous return in the lower limbs and avoiding
vein stasis. Concordantly, Sochart and Hardinge also suggest-
ed that ankle joint movement is an effective way to prevent
post-operative DVT due to its ability to increase venous return
in the lower limbs [22]. A reasonable explanation for this re-
sult is that during ankle joint movements, the calf muscle con-
tracts and compresses the intramuscular and deep veins, rais-
ing venous pressure and propelling blood from the lower limb
toward the heart [23]. Following the raised venous pressure,
MVO and MVC is increased and the blood velocity increases.
In this regard, active ankle movement could be considered as
an effective way to prevent development of DVT.

The recorded incidence of DVT during the experiment and fol-
low-up show that the case group had significantly fewer pa-
tients with asymptomatic DVT and patients with symptomatic
DVT than the control group, suggesting that the active ankle
movement combined intervention has better efficacy in re-
ducing the incidence of post-operative DVT compared to rou-
tine nursing. Consistent with our results, Palamone et al. re-
ported that foot and ankle exercises have a promising role in

reducing DVT incidence in neurological surgery intensive care
patients when these exercises are diligently adhered to [24].
Sa-Ngasoongsong et al. also recommended active ankle mo-
tion to prevent DVT during post-surgery recovery [25].

Conclusions

We provided evidence that active ankle movement can pro-
duce higher MVC and MVO and faster blood velocity, possibly
through the activation of the CMP, and it promotes venous
return and vein circulation. We believe that the active ankle
movement combined intervention is effective in preventing
the formation of lower-extremity DVT after orthopedic sur-
gery, accelerating postoperative recovery and improving pa-
tient satisfaction. However, further research with larger sam-
ple sizes is needed to confirm our results.
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