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Abstract

Purpose Tourniquets are routinely used in high tibial osteotomy (HTO). However, research on the necessity of tourniquets
during HTO is lacking. This study was designed to investigate the necessity of tourniquets in HTO.

Methods This was a prospective study that included patients who underwent HTO at the same hospital. The patients were
randomised into Group A (non-tourniquet, n=45) and Group B (tourniquet, n=45). Same surgical techniques and haemo-
static methods were used in the two groups.

Results All patients were followed up for more than three months. There was no difference in operation time, and no intra-
operative vascular or nerve damage occurred in either group. The hospital stay was shorter in group A than in group B
(p <0.05). There was no difference in post-operative blood loss, haemoglobin or haematocrit (p > 0.05). The post-operative
visual analogue scale (VAS) pain scores and calf swelling were lower in group A (p <0.05), and the early knee range of
motion was higher in group A (p <0.05). The use of morphine and the incidence of thigh complications were also lower in
group A (p <0.05). There was no difference in the VAS and knee function between the two groups at three months post-
operatively (p > 0.05).

Conclusion Tourniquet use during HTO does not reduce post-operative blood loss, operation time or intra-operative com-
plications, but not using a tourniquet shortens the hospital stay and reduces the post-operative usage of morphine and
tourniquet-related complications, which promotes early recovery of knee function.
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Introduction

High tibial osteotomy (HTO) is an effective surgical treat-
ment for knee osteoarthritis with varus deformity [1-3]. For
HTO, peri-operative blood loss is inevitable due to expo-
sure of the osteotomy surface and may exceed 800 ml [4-7].
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Therefore, most surgeons routinely use a tourniquet during
HTO to reduce intra-operative blood loss and improve the
visibility of the surgical field.

Similarly, in the past, joint surgeons applied a tourniquet
during total knee arthroplasty (TKA). They believed that
the use of a tourniquet reduced intra-operative blood loss
and operation time [8, 9]. However, the widespread use of
a tourniquet during TKA has become controversial and can
cause some issues, such as limb swelling, pain and delayed
wound healing [10, 11]. As the management of periopera-
tive blood loss continues to improve, a growing body of
evidence shows that not using a tourniquet is superior to
using a tourniquet in terms of overall TKA outcome [14-16].
A tourniquet is still routinely used during HTO, and few
studies have been conducted to investigate the benefits and
necessity of the tourniquet during HTO [15]. Previous stud-
ies have shown that tranexamic acid (TXA) reduces post-
operative blood loss in patients undergoing HTO [4, 7, 16].
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Gelatine sponges can absorb blood that is several times their
own weight, and the blood then solidifies in the sponge, thus
achieving haemostasis. Gelatine sponges also help to control
blood loss during HTO [17].

This study was designed to evaluate the effect of the use
of a tourniquet during HTO on post-operative blood loss,
the complication rate and early functional recovery of the
affected limb. The hypothesis is that the use of a tourniquet
during HTO is unnecessary because it does not reduce post-
operative blood loss but aggravates post-operative swelling
and pain and impedes early functional recovery.

Materials and methods
Patients

This prospective, randomised controlled study was approved
by the local institutional review board (KYLL-2019042) and
registered at ClinicalTrials.gov (NCT-04992533). All partic-
ipants signed informed consent before the surgery. Patients
undergoing HTO at the same hospital between November
2019 and May 2021 were judged against the following
inclusion criteria: (1) knee medial compartment osteoar-
thritis and (2) unilateral HTO. The exclusion criteria were
as follows: (1) other knee surgery within six months prior to
HTO; (2) pre-operative anaemia (Hb < 100 g/1); (3) severe
cardiovascular, hepatic, renal or haematopoietic diseases;

Fig. 1 A CONSORT flow
diagram shows the protocol of
this study

[ Enrollment ]

(4) pre-operative coagulation abnormalities and (5) allergy
to any of the study materials, including TXA. A computer-
generated random number list prepared by an investigator
with no clinical involvement in the trial was used to ran-
domly divide patients into two groups, and an independent
doctor performed the simple balanced randomisation (1:1)
using sequentially sealed envelopes that contained a paper
on which was written Group A or Group B. In group A, a
tourniquet was used only during pre-operative arthroscopic
exploration. In group B, a tourniquet was used during arthro-
scopic exploration and osteotomy. Group assignment was
blinded to the floor staff, physical therapy staff and any of
the other physician extenders involved in patient care. Group
assignment was also blinded to the research staff performing
the assessments.

During this period, a total of 106 patients met the inclu-
sion criteria, and 90 patients were eventually included in the
study. Three months after the operation, there was no loss to
follow-up in either group (see Fig. 1 for details).

Operation

All operations were performed by the same doctor, and all
surgical procedures consisted of medial open wedge high
tibial osteotomy (OWHTO). Before HTO, all patients
underwent arthroscopic exploration to determine the
need for partial meniscectomy. After general anaesthe-
sia, an inflatable tourniquet was placed at the root of the
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thigh. The tourniquet system used was the Stryker Col-
our Cuff Dual Port inflated to 45 kPa. After prolifera-
tive synovia and meniscus tears were removed as needed,
the tourniquet was then released in group A, while the
tourniquet was kept in place in group B with the pres-
sure maintained. OWHTO was performed according to
the pre-operative plan, and biplane osteotomy was used.
Artificial bone material beta-tricalcium phosphate (Olym-
pus Terumo Biomaterials, Tokyo, Japan) was implanted
at the osteotomy, and a TomoFix locking plate (DePuy
Synthes, Zuchwil, Switzerland) was installed and fixed in
place. One piece of an absorbable gelatine sponge (Xian-
gen, Jiangxi, China) was placed around the osteotomy.
Before the incision was sutured, the tourniquet in group
B patients was loosened.

Tranexamic acid protocol

In both groups, 30 min before surgery, 20 mg/kg TXA (Kan-
gEnbei Biopharmaceutical, Zhejiang, China) was dissolved
in 100 ml of normal saline and administered intravenously.
After the incision was closed, 2 g of TXA was dissolved in
30 ml of saline and injected into the osteotomy site. Three
hours post-operatively, 2 g of TXA dissolved in 100 ml of
natural saline was administered intravenously. The drain-
age tube was clamped for two hours after surgery and then
opened.

Post-operative treatment

After the operation, all patients received the same pain
management, including regular oral celecoxib (Ruihui,
Dalian, China) and intravenous flurbiprofen axetil (Taide,
Beijing, China). Morphine hydrochloride (Northeast Phar-
maceutical Group, Shenyang, China) was given if there
was still unbearable pain. The indications for patient dis-
charge were as follows: (1) straight leg raise maintained
for 30 s; (2) 90° knee flexion achievable and (3) no anae-
mia, fever, nausea, poor wound healing or other such
complications.

Outcome measures

Intra-operative complications, opening angle, arthroscopic
exploration time, tourniquet usage time, operation time
and hospital stay were recorded. Total estimated blood loss
was calculated by a formula described in previous studies
[5, 18]. The drainage volume, haemoglobin and haema-
tocrit on post-operative day three were assessed. Alloge-
neic blood was transfused if haemoglobin was < 80 g/L.
The blood transfusion volume and the number of transfu-
sions were recorded. Moreover, the number of patients
who required morphine hydrochloride was also recorded.

The knee range of motion (ROM), post-activity visual
analogue scale (VAS) score for pain and maximum calf
circumference were recorded on post-operative days one,
three and five. Thigh complications (thigh pain, numbness
and blisters), incision complications (incision infection,
haematoma and delayed healing) and thrombotic compli-
cations were recorded. At post-operative month three, the
VAS score and the Hospital for Special Surgery (HSS)
knee score were obtained and recorded. All evaluations
were conducted and reviewed by the same investigator
who had received relevant training and was unaware of
the allocation. Data analysts were also unaware of the
allocation.

Statistical analysis

Sample size calculations were performed using the PASS
2011 (NCSS, LLC, Kaysville, UT) software. In a study by Li
et al. [17], the post-operative VAS score was 5.47 on the day
after surgery. To detect a 1.5-score difference in the primary
outcomes, with a power of 0.90 and a significance level of
0.05, 18 patients per arm were needed. With the dropout
rate assumed to be 20%, at least 23 patients per arm need to
be included in the study. The SPSS 23.0 (SPSS, Chicago,
IL, USA) software was used. The measurement data are
expressed as the mean + standard deviation, the count data
are represented by the number of cases and the measurement
data were subjected to the Levene variance equivalence test.
The independent samples ¢ test was used to compare the
measurement data between groups, and the chi-squared test
was used to compare the rates between groups. p <0.05 was
considered statistically significant.

Table 1 Baseline characteristics

Group A Group B p value

Number (knees) 45 45

Age (years) 59.68 +8.34 58.80+8.33 0.619
Side (left/right) 22/23 24/21 0.675
Gender (male/female)  20/25 16/29 0.392
BMI (kg/m2) 24.81+3.32 25.37+2.84 0.392
Pre-op Hb (g/L) 141.50+14.82 140.80+14.81 0.824
Pre-op Hct (%) 41.71+£4.55 41.96+5.01 0.802
Pre-op Calf girth (cm) 35.12+2.52 34.99+2.00 0.791
Pre-op ROM (°) 109.06+8.19 111.11+10.40 0.301
Pre-op VAS score 4.89+0.98 4.98+1.09 0.663
Pre-op HSS score 66.92+5.06 68.39+6.28 0.225

BMI body mass index, Preop preoperative, Hb haemoglobin, Hct
haematocrit, ROM range of motion, VAS visual analogue scale, HSS
Hospital for Special Surgery
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Results

Baseline characteristics were not significantly different
(p>0.05) between the two groups. See Table 1 for details.

Post-operative general assessments

No significant between-group difference was observed in
the arthroscopic exploration time. The tourniquet usage time
was 26.18 +6.10 minutes in group A and 98.07 + 14.36 min-
utes in group B (p <0.05). However, no significant between-
group difference was observed in the operation time
(p>0.05). There was no difference in total blood loss, drain-
age volume, haemoglobin or haematocrit on the third day
after the operation (p >0.05). No transfusion events or intra-
operative vascular or nerve damage occurred in either group.

Table 2 Post-operative outcomes

Group A Group B p
Arthroscopy time(min) 26.18+6.10 26.81+£5.79 0.614
Operation time (min) 112.69+17.01 109.07+16.36 0.306
Length of incision (cm) 4.93+0.31 4.97+0.27 0.500
Angle of extension (°) 10.88 +£0.95 10.52+1.73 0.226
Hospital stay (days) 7.36+1.67 8.48+1.79 0.003*
Post-operative Hb level 121.80+9.31  120.01+11.55 0.420
(g/M)
Post-operative Het (%) 33.88+3.30 33.41+3.17 0.500

129.47+39.14 129.72+35.12 0.974
287.59+62.57 278.35+76.76 0.533

Volume of drainage (ml)
Total blood loss (ml)

Additional morphine cases 7 16 0.031°*
(n)
Post-operative calf girth (cm)
1 day 35.52+2.92 36.40+3.31 0.187
3 days 35.88+1.91 36.80+2.19 0.037*
5 days 35.81+1.68 36.69+2.09 0.030*
3 months 35.01+2.59 35.23+2.58 0.684
Postoperative ROM (°)
1 day 94.20+7.71 89.35+6.98 0.002*
3 days 103.95+8.37  98.54+7.00 0.001*
5 days 109.56+7.41 105.99+8.30 0.034*
3 months 127.32+£5.67 126.36+5.25 0.407
Post-operative VAS score
1 day 5.07+1.28 5.82+1.20 0.006*
3 days 4.09+1.24 492+1.22 0.002*
5 days 2.35+0.87 3.11+0.93 0.001*
3 months 0.89+0.51 0.92+0.35 0.407
Post-operative HSS score  87.85+6.92 87.74+5.28 0.982

Hb haemoglobin, Hct haematocrit, ROM range of motion, VAS visual
analogue scale, HSS Hospital for Special Surgery. *Statistical signifi-
cance (p<0.05)

@ Springer

Table 3 Peri-operative complications

Group A Group B D
Thigh complications 2 8 0.045%
DVT 2 2 1.000
PE 0 0 1.000
Neurovascular events 0 0 1.000
Lateral hinge fracture 1 0 0.317
Wound complications 2 6 0.141
Blood transfusion 0 0 1.000
Readmission 1 0 0.317

DVT deep vein thrombosis, PE pulmonary embolism. *Statistical sig-
nificance (p <0.05)

The hospital stay was shorter in group A than in group B
(»<0.05). See Tables 2 and 3 for details.

Recovery of knee function

The VAS score was significantly lower in group A on post-
operative days one, three and five (p <0.05). Correspond-
ingly, only seven patients in group A required morphine,
while 16 patients in group B required morphine (p <0.05).
Knee ROM was better in group A on post-operative days one,
three and five (p <0.05). Calf circumference was smaller in
group A on post-operative days three and five (p <0.05). At
post-operative month three, no significant between-group
difference was observed in calf circumference, knee ROM,
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Fig.2 Changes in visual analogue scale scores during the peri-opera-
tive period. The visual analogue scale scores of group A were lower
than those of group B in the early post-operative period (p <0.05).
Group A =patients without tourniquets, group B =patients with tour-
niquets
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Fig. 3 Changes in range of motion during the peri-operative period.
The range of motion of group A was significantly better than that of
group B (p<0.05). Group A=patients without tourniquets, group
B =patients with tourniquets
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Fig.4 Changes in calf circumference during the peri-operative
period. The calf circumference in both groups reached a peak on the
third day after surgery. The calf circumference of group A was sig-
nificantly less than that of group B on post-operative days 3 and 5
(p<0.05). Group A =patients without tourniquets, group B =patients
with tourniquets

VAS score or HSS score (p >0.05). See Table 2 and Figs. 2,
3, 4 for details.

Post-operative complications
The incidence of thigh complications in group A was lower

than that in group B (p <0.05). Two patients in each group
developed deep vein thrombosis (DVT; intramuscular

venous thrombosis based on lower limb vascular ultra-
sound), and no pulmonary embolisms occurred in this
study (p > 0.05). No significant between-group difference
was observed in incision complications (p > 0.05). In group
A, one patient had delayed wound healing, and one patient
had incision oozing and delayed healing due to suture hyper-
sensitivity. In group B, six patients had incision complica-
tions, including four cases of delayed healing and two cases
of subcutaneous haematoma. Group A patients with suture
hypersensitivity were readmitted on day 20 after the opera-
tion to resuture the incision. See Table 3 for details.

Discussion

In this study, the most important finding is that tourniquet
use during HTO did not reduce post-operative blood loss,
operation time or hospital stay and that not using a tourni-
quet promotes early recovery of knee function and reduces
tourniquet-related complications. While some researchers
have investigated the effect of tourniquets on the incidence of
DVT after HTO [15], this study is one of the few prospective,
randomised, controlled studies on the effect of tourniquets
on blood loss, knee function and complications after HTO.

Researchers are still debating whether the use of tourni-
quets reduces post-operative blood loss. Yi et al. [8] con-
ducted a meta-analysis of 859 patients and found that the
use of tourniquets significantly reduced operation times and
intra-operative blood loss but increased drainage and post-
operative blood loss in TKA patients. Matzioli et al. [19]
retrospectively analysed the clinical data of 574 patients and
found that the use of a tourniquet before closing the incision
during TKA significantly reduced peri-operative total blood
loss but had no effect on the post-operative transfusion rate.
With the standardised use of TXA in orthopaedic surgery,
an increasing number of researchers believe that the use of
a tourniquet during TKA is not necessary for reducing sur-
gical blood loss [12-14]. Previous studies have shown that
TXA reduces blood loss after HTO [4—7]. In this study, we
administered TXA intravenously and topically and found
no significant between-group difference in total blood loss,
drainage or post-operative haemoglobin or haematocrit, sug-
gesting that the use of a tourniquet during HTO does not
reduce blood loss. Another purpose of a tourniquet is to
increase the visibility of the surgical field to improve surgi-
cal safety and speed [8, 9]. However, this study found that
while the operation time was slightly longer in group A (no
tourniquet use during HTO), the difference did not reach
statistical significance. Moreover, no intra-operative vascular
or nerve damage occurred in this study, suggesting that not
using a tourniquet during HTO is safe and does not increase
the operation time or affect the visibility of the surgical field
or surgical safety.
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For post-operative function, Guler et al. followed up
patients for a month after TKA and found that in the tourni-
quet group, there was a 20% loss of quadriceps muscle mass
in the affected limb relative to the unaffected limb; this did
not occur in the non-tourniquet group [20]. Dennis et al.
found that in patients with bilateral TKA, muscle weakness
lasted three months after operation in the limb on which a
tourniquet was used but did not occur in the limb on which
a tourniquet was not used [21]. Moreover, the use of tour-
niquets leads to the release of a large quantity of cytokines,
thus aggravating post-operative pain and increasing incision
complications [13]. TXA, by contrast, reduces fibrinolytic
activity and surgical trauma due to blood loss. TXA also has
anti-inflammatory effects that help reduce adverse outcomes
due to the use of a tourniquet [22].

A growing body of evidence indicates that the use of
a tourniquet contributes to postoperative limb pain. This
study showed that the VAS score was lower on days one,
three and five in group A (no tourniquet use) than in group
B and that few patients in group A required morphine
hydrochloride, suggesting that not using a tourniquet dur-
ing HTO helps reduce pain during early recovery. Huang
et al. conducted a prospective randomised controlled trial
and found that not using a tourniquet reduced the VAS
score on early post-operative days [13]. The use of a tour-
niquet causes prolonged lower limb vascular ischaemia
and hypoxia, which stimulate the release of endothelial
plasminogen activator, resulting in massive fibrinolysis
and impeded thrombosis. Fibrinolysis continues even after
a tourniquet is released, and the high fibrinolytic state
may last for an extended period of time. Moreover, sud-
den venous perfusion of the lower limb greatly increases
post-operative blood loss and aggravates limb swelling [23].
This study showed that calf circumference was larger on
post-operative days three and five in group B than in group
A, with no significant between-group difference on post-
operative day one, a finding that may be related to the use of
a drainage tube on post-operative day one. Previous studies
have shown that a drainage tube significantly reduces limb
swelling after HTO; however, the prolonged use of a drain-
age tube increases the risk of deep infections and affects
post-operative functional exercise [17].

Tourniquet compression may cause damage to the vascu-
lar endothelium of the compressed area, block venous return
and cause blood stasis, thereby aggravating the hypercoagu-
lable state [24]. Hernandez et al. showed that the prolonged
use of a tourniquet for more than 120 minutes during TKA
increased the risk of proximal DVT [25]. Incision compli-
cations are common after HTO [26]. This study found that
the incidence of incision complications was higher in group
B than in group A; the difference did not reach statistical
significance, but we believe that this was due to the small

@ Springer

sample size in this study. In group A, a tourniquet was used
only during arthroscopic exploration and for a short period
of time. As a result, the incidence of tourniquet-related
thigh complications was significantly lower in group A.

This study has some limitations. First, the sample size was
small, with many comparative analyses, which increases the
chance of errors. Second, the surgeons were aware of the allo-
cation due to the nature of this study, which is a common issue
in orthopaedic studies. Third, some patients did not undergo
post-operative lower limb vascular ultrasound due to cost or
insurance coverage. The exam was performed only in patients
with suspected thrombosis, which may affect the results for
the actual incidence of thrombosis. Moreover, due to the
short follow-up period, we did not perform detailed analyses
of infections, delayed healing at the osteotomy site, long-term
knee function or survival.

Despite these limitations, the results from this study demon-
strate that not using a tourniquet during HTO does not increase
post-operative blood loss, operation time or intra-operative
complications. It reduces the hospital stay, post-operative mor-
phine use and tourniquet-related complications, which contrib-
ute to early knee recovery. Therefore, tourniquets should not
be routinely used during HTO.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00264-021-05246-4.
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