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Abstract

Purpose Determination of the effect of tourniquet use
in total knee arthroplasty (TKA) on thigh and quadriceps
muscle volume using magnetic resonance imaging (MRI).
Methods A total of 148 knees of 74 patients (mean age
66.5 £ 4.8 years; female/male, 62/12) with bilateral pri-
mary varus gonarthrosis underwent unilateral TKA with
a tourniquet (Group A, n = 35) or without a tourniquet
(Group B, n = 39). The total thigh volume and connec-
tive, bone, and muscle tissue volumes were stereologi-
cally measured on preoperative and postoperative MRI.
The Knee Society Score (KSS) and Western Ontario and
McMaster Universities Osteoarthritis Index (WOMAC)
score were calculated to evaluate functional outcomes.
Results  After TKA, the knees of patients in Group A
exhibited a significant decrease in all tissue measure-
ments, except bone tissue volume; however, the knees of
patients in Group B exhibited no significant difference in
tissue measurements. Although no difference was found
between the operated and contralateral non-operated thighs
(4076.9 and 4073.4 cm’, respectively) in Group B postop-
eratively at 1 month (p > 0.05), the operated thighs had lost
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20 % of its volume in Group A postoperatively at 1 month
(p < 0.001). A significant difference was found in all tissue
measurements, except the connective and bone tissue vol-
umes of the thigh between the operated and contralateral
non-operated knees in Group A. No significant difference
was identified between the operated and contralateral non-
operated knees in Group B. The total WOMAC score was
significantly higher, and the total KSS was significantly
lower in Group A than in Group B during the postoperative
follow-up period of 1-6 months (p < 0.001 for all) but not
12 months (n.s.).

Conclusion Tourniquet use in TKA decreases the thigh
and quadriceps muscle volumes and postoperatively delays
the recovery of knee function. Therefore, caution should be
exercised for tourniquet use during TKA in daily clinical
practice and using alternative methods for tourniquet appli-
cation in preventing intraoperative blood loss.

Level of evidence 111.

Keywords Total knee replacement - Total knee
arthroplasty - Tourniquet use - Quadriceps muscle -
Atrophy - Quantitative analysis - Magnetic resonance
imaging

Introduction

Intraoperative tourniquet use is a common method to decrease
blood loss and obtain a bloodless surgical area during total
knee arthroplasty (TKA), an operation associated with sig-
nificant blood loss because of extensive soft tissue and bone
damage [13, 23]. However, the benefits and risks of tourniquet
use are contradictory. Although tourniquet use can shorten the
operation time, allow a better visualization of the surgical area,
control intraoperative blood loss, and increase the tibial cement
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Table 1 Basic characteristics of each study group

TKA with tourniquet TKA without tourniquet Total p value
(Group A) (Group B)
Number of patients 35 39 74 -
Number of knees 70 78 148 -
Age (years) 67.4 £ 4.3 (55-74) 65.8 £ 5.1 (58-78) 66.5 £ 4.8 (55-78) n.s.
Sex (female/male) 30/5 32/7 62/12 n.s.
Site of TKA
Right 16 17 -
Left 19 22 -

TKA total knee arthroplasty, n.s. not significant

mantle thickness, recent studies have shown that the overall
blood loss does not change with tourniquet use because occult
bleeding (also known as hidden blood loss) can continue for
several hours after the operation [20, 23]. Furthermore, tourni-
quet use is a well-known risk factor for thromboembolism after
TKA [23, 29, 33]. Other potential complications of tourniquet
use include postoperative thigh pain, wound pain because of
reactive hyperperfusion after tourniquet deflation [23], vascu-
lar injury [28], and nerve palsy [18]; furthermore, in rare cases,
tourniquet use includes acute pulmonary oedema, cardiac
arrest [6, 17], and thigh fat necrosis [24].

Most of the previous studies on the efficacy and safety
of tourniquets have focused on blood loss and thrombo-
embolism, whereas only a few have evaluated the effect of
tourniquets on the physical function [14, 15]. Tourniquet
use causes electromyographical changes in the quadriceps
muscles and increases the plasma myoglobin levels [10,
22], suggesting that tourniquets can induce muscle damage.
However, the effect of tourniquets on muscle volume and
patients’ postoperative functionality has not been studied
to date. Further studies on the effect of tourniquets on the
physical function are currently being undertaken to clarify
the benefits of tourniquet use [15].

In the present study, it was aimed to determine the effect
of tourniquet use in TKA on thigh and quadriceps muscle
volume using magnetic resonance imaging (MRI), which
has not been reported to date. MRI was used to estimate
muscle volume, a technique considered to be the gold
standard [16]. The functional outcomes of patients who
underwent TKA with and without tourniquet use were also
compared. Our hypothesis was that tourniquet use during
TKA has negative effects on the functional outcomes by
decreasing thigh and quadriceps muscle volumes.

Materials and Methods

In total, 174 knees of 87 patients with stage 4 bilat-
eral primary varus gonarthrosis according to the
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Kellgren-Lawrence radiological classification scale for
tibiofemoral joint degeneration [12] underwent unilateral
TKA with or without tourniquet use from 2012 to 2014
and were included in this retrospective case—control study.
Thirteen patients were excluded from this study because of
the following reasons: muscle strength of less than 5/5 (1
patient), body mass index of >35 kg/m? (1 patient), history
of hip surgery (1 patient), contralateral control knee sur-
gery in the previous year (9 patients), and contraindication
for MRI (1 patient). Therefore, 148 knees of 74 patients
were analysed.

The patients were divided into two groups: Group A
comprised 35 patients who underwent TKA with tourni-
quet use, and Group B comprised 39 patients who under-
went TKA without tourniquet use (Table 1). The decision
of tourniquet use was taken by the surgeon.

The study was approved by the institutional ethics
committee of Medipol University, which operates under
the national and international standards (no, 68; date,
12/02/2015), and conducted in accordance with the latest
version of the Declaration of Helsinki.

Surgical technique

All operations were performed by two surgeons (O.G.
and S.M.) with a 7-year experience each. The decision of
tourniquet use during TKA was solely based on each sur-
geon’s clinical and personal experiences. In practice, one
of the two surgeons (O.G.) always used a tourniquet during
arthroplasty surgery, whereas the other (S.M.) never used.
Their decision was not affected by any patient-related fac-
tor. The standard TKA to retain the posterior cruciate liga-
ment was performed through parapatellar entrance with a
fixed-bearing prosthesis using cement (Vanguard; Biomet,
Warsaw, IN, USA) under spinal-epidural plus general
anaesthesia. In Group A, after the leg had been exsangui-
nated, a tourniquet was kept inflated throughout the opera-
tion at twice the arterial blood pressure and released after
suture application.
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Fig. 1 Calculation of the total
volume of the right thigh on
single axial T2-weighted MRI.
The yellow line shows the thigh
circumference

From the first day after surgery, the patients were
allowed to walk using two walking sticks for a period of
1 month and using one stick thereafter. The standard post-
operative rehabilitation program was applied to all patients.
Continuous passive motion was performed in flexion post-
operatively for 15 days, depending on the patients’ toler-
ance level. Isometric quadriceps exercises were continued
postoperatively for 3 months. The patients were evaluated
postoperatively at 1, 3, 6, and 12 months.

MRI and evaluation

MRI was performed preoperatively and postoperatively at
1, 3, 6, and 12 months by two surgeons who performed the
operations (O.G. and S.M.). To ensure the accuracy of image
fusion, both surgeons performed the measurements on all
axial MR images between the hip joint and femur supracon-
dylar region. All imaging studies were conducted on a 1.5-
Tesla MRI device (Sigma HDXT; General Electric, Chicago,
IL, USA). T2-weighted MRI scans were obtained in the axial
and sagittal planes covering the hip joint and supracondylar
region of the femur, and the hip and knee joints were fully
extended. The area was continuously scanned at an axial slice
thickness of 8 mm with 2-mm spaces, a matrix of 320 x 224,
and Nex = 2. Images were stored in a picture archiving and
communication system (PACS; General Electric, Chicago, IL,
US) and viewed on a RadiAnt DICOM Viewer for Windows
(Medixant, Poznan, Poland). Serial images of the thigh were
exported for volume analysis. For each thigh, another software
package (ImagelJ 1.45 s; NIH, Bethesda, MD, USA) was used
to measure the sectional areas of the examined structures on
MRI. Cavalieri’s principle of the stereological technique was
used for this process. The sectional areas of total thigh, bone,
soft tissue, and quadriceps muscles were individually meas-
ured. The tissue to be measured was marked leaving no space
in the outer surface margin. In accordance with the shape of
tissue in the sectional area, the volume within the outer surface
was measured by combining the marked points. The structures
were multiplied by the section thickness, and the final volume
was obtained in cm® with one decimal point of accuracy. All

Fig. 2 Calculation of right femoral bone and muscle tissue volumes
on single axial T2-weighted MRI

volume calculations were performed on MS Excel worksheets
(2007; Microsoft, Redmond, WA, USA), where the results
were automatically obtained by entering the section thickness
and area of the structure into the worksheet.

Regions of interest were delineated in ImageJ to assess
the total section surface areas of the thigh (Fig. 1), bone
(Fig. 2), and soft tissue (fat, muscle, and connective tissue)
(Fig. 3). The section surface area of the region of interest
was automatically calculated using the software. These val-
ues were then used for the estimation of the volume for all
structures in cm’. For standardization, the volume of the
region between the trochanter minor in the proximal femur
and supracondylar aspect of the distal femur was calcu-
lated. Furthermore, the muscle volumes of the vastus later-
alis, vastus medialis, rectus femoris, and vastus intermedius

(Fig. 4) were stereologically estimated in cm?.

Study parameters
The total thigh volume; volumes of the connective, bone,

and muscle tissues of both thighs; and muscle volumes of
the vastus medialis, vastus lateralis, rectus femoris, and
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Fig. 3 Calculation of right
thigh soft tissue (fat and con-
nective tissue) volume on single
axial T2-weighted MRI. The
outer yellow line indicates the
thigh circumference. The area
between the two yellow lines
indicates the non-bone soft
tissue

Fig. 4 Calculation of the muscle volume of the right vastus lateralis
(VL), vastus medialis (VM), rectus femoris (RF), and vastus interme-
dius on single axial T2-weighted MRI

vastus intermedius were stereologically measured on pre-
operative and postoperative MRI. Moreover, the preopera-
tive and postoperative Knee Society Score (KSS) and West-
ern Ontario and McMaster Universities Osteoarthritis Index
(WOMAC) score [2], which are the routine scoring sys-
tems used preoperatively and postoperatively in all patients
who underwent TKA in our clinic, were used to evaluate
the patients’ functional outcomes.

Statistical analysis

Study data were summarized using descriptive statistics,
i.e. mean, standard deviation, and range for continuous
variables and frequency and percentage for categorical
variables. The change over time and the difference between
the operated and contralateral knees were analysed using
the preoperative and follow-up tissue volume and KSS/
WOMAC scores of both groups.
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Repeated-measures analysis of variance was used to
test the difference between more than two dependent and
normally distributed variables. A paired-samples ¢ test was
applied for the post hoc analysis of significant results.

The difference between two and more than two depend-
ent and non-normally distributed variables was analysed
using the Wilcoxon signed-rank test and the Friedman
test, respectively. The Wilcoxon signed-rank test was used
as a post hoc test following the Friedman test. The inter-
observer variability for interpreting the MR images was
determined by comparing the 95 % confidence intervals
of every parameter calculated by each of the two surgeons.
The power of the study was calculated by post hoc power
analysis on the total WOMAC score results at postopera-
tive first month and found to be 98.3 % through an online
power calculator program (http://clincal.com/).

The statistical level of significance was set as p < 0.05.
Analysis was performed using the MedCalc Statistical
Software (version 12.7.7; MedCalc Software bvba, Ostend,
Belgium).

Results

The study groups were considered to be similar in terms of
age and sex (Table 1). The operated site was the left thigh
in 19 of 35 patients from Group A and in 22 of 39 patients
from Group B.

Tissue measurements

MRI tissue volume measurements for thighs on the oper-
ated and contralateral non-operated sides are summarized
in Tables 2 and 3 and Fig. 5. Although no difference was
found between the operated and contralateral non-operated
thigh volumes in Group B postoperatively at 1 month, the
operated side lost 20 % of its volume (p < 0.001) in Group
A postoperatively at 1 month. However, the muscle tissue
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Table 2 Descriptive statistics of preoperative and postoperative tissue measurements in operated and contralateral non-operated knees of each

study group
Preoperative Postoperative 1st Postoperative 3rd Postoperative 6th Postoperative 12th
month month month month
Thigh
Group A
Operated knee 4012.8 £ 319.3 3230.3 £ 269.1 3756.5 £ 291.0 3930.4 £ 327.1 4031.5 £ 319.9*
Contralateral non- 4021.3 £ 3344 4019.0 £ 3344 4021.1 + 333.6 4022.6 + 337.1 4023.5 & 336.4"
operated knee
Group B
Operated knee 4077.4 £ 343.0 4076.9 £ 339.9 4074.8 + 337.7 4074.8 + 356.9 4079.7 £ 341.6
Contralateral non- 4073.4 £ 347.1 4073.4 £ 348.2 4070.8 + 347.7 4072.3 + 347.7 4074.7 £ 3494
operated knee
Connective tissue
Group A
Operated knee 2369.0 £ 195.3 20759 + 181.8 23444+ 187.6 2353.8 £ 194.1 2379.1 £ 194.9°
Contralateral non- 2379.2 + 203.1 2378.4 +203.9 2377.9 + 202.7 2379.0 +£203.3 2380.3 +203.2
operated knee
Group B
Operated knee 2382.0 +243.0 2384.8 +243.5 2383.0 +242.5 2379.5 +258.7 2386.8 +241.9
Contralateral non- 2379.0 + 246.2 2380.6 + 246.7 2378.5 £245.9 2378.7 +£244.8 2379.9 + 246.1
operated knee
Bone tissue
Group A
Operated knee 104.9 £ 5.7 105.0 £5.7 105.0 £5.7 104.9 £5.8 104.9 £ 5.6
Contralateral non- 1049 £5.7 105.1 £5.8 104.7 £5.8 105.0 £5.8 104.9 £ 5.7
operated knee
Group B
Operated knee 102.3 £ 7.8 102.6 7.4 102.5+7.7 102.6 7.7 102.6 = 7.6
Contralateral non- 102.5£7.0 102.6 £ 6.5 102.9 £ 6.8 102.5 £ 6.6 102.8 £ 6.8
operated knee
Muscle tissue
Group A
Operated knee 1538.9 £ 153.2 1049.3 £ 129.5 1307.1 £135.6 1471.7 £ 165.8 1547.5 £ 152.3°
Contralateral non- 1537.2 £ 157.9 1535.5 £ 157.6 1538.5 £ 158.0 1538.6 + 160.2 1538.3 £ 159.8¢

operated knee
Group B
1593.4 £ 1489
1591.9 £ 150.2

1589.5 + 146.5
1590.2 £ 151.3

Operated knee

Contralateral non-
operated knee

1589.3 £ 143.6
1589.4 £ 151.9

1592.8 + 148.2
1591.2 £ 150.2

1590.3 £149.9
15922 £152.1

Data are given as mean = standard deviation in cm®. Statistically significant measurements are marked as bold and italic

4 p < 0.001 for the change with time. ® p = 0.004 for the overall difference between operated versus contralateral non-operated knees.
¢ p <0.001 for the overall difference between operated versus contralateral non-operated knees

volume of the operated knees increased with time in Group
A postoperatively after 3 months (p < 0.001), reaching the
muscle volume of the contralateral non-operated side at
12 months.

The operated side in patients from Group A exhibited
a significant postoperative decrease in all tissue measure-
ments, except bone tissue volume (Tables 2, 3, Fig. 5). On
the other hand, the operated or contralateral non-operated

side in Group B exhibited no statistically significant differ-
ence in all tissue measurements (Tables 2, 3).

A significant difference was noted in all tissue measure-
ments, except connective and bone tissue volumes, of the thigh
between the operated and contralateral non-operated knees in
Group A (Table 3). However, no significant difference was
noted in all tissue measurements between the operated and
contralateral non-operated knees in Group B (Table 3).
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Table 3 Descriptive statistics of preoperative and postoperative muscle tissue measurements in operated and contralateral non-operated knees in

each study group

Preoperative Postoperative Postoperative Postoperative Postoperative
1st month 3rd month 6th month 12th month
Total quadriceps
Group A
Operated knee 696.7 + 88.5 415.8 £72.1 547.8 £ 83.1 630.5 £ 91.8 690.8 + 81.6"
Contralateral non-oper-  697.3 & 88.5 695.4 + 86.3 697.0 + 83.9 697.5 £ 87.1 696.1 & 89.6
ated knee
Group B
Operated knee 696.4 + 88.1 695.0 + 88.4 691.9 + 86.1 696.3 + 87.6 696.1 + 87.7
Contralateral non-oper-  697.1 4 88.1 695.5 + 88.3 697.1 + 87.6 696.9 £ 87.7 696.7 + 88.1
ated knee
Vastus lateralis
Group A
Operated knee 245.2 £ 35.5 149.5 £ 24.8 195.8 £28.9 225.6 294 242.4 £ 29.1°
Contralateral non-oper-  244.1 4 34.3 2435+ 335 245.0 £ 32.7 245.1 £ 345 244.7 + 34.7°
ated knee
Group B
Operated knee 2429+ 309 2423 +31.2 2429 +30.6 243.0 £30.8 243.1 +30.9
Contralateral non-oper-  243.2 £ 31.0 2423 +£31.2 243.4 £ 30.6 243.3 +30.8 243.2 £30.9
ated knee
Vastus medialis
Group A
Operated knee 136.2 + 17.7 85.6 £ 14.5 1143 £ 18.5 1309 £+ 23.8 134.7 £ 17.6"
Contralateral non-oper-  137.5 £ 17.8 1372+ 17.6 137.8 £ 17.7 137.7+£ 179 137.9 + 17.6*
ated knee
Group B
Operated knee 137.6 + 18.8 137.3 £ 189 137.7 £ 18.8 137.8 +18.8 137.8 £ 18.8
Contralateral non-oper-  137.8 £ 18.7 137.5 £ 19.0 137.9 £ 18.8 137.9 £ 18.7 137.9 +18.8
ated knee
Vastus intermedius
Group A
Operated knee 193.8 +£24.7 85.6 £ 14.5 147.4 £ 22.9 171.1 + 28.4 192.5 +£24.9°
Contralateral non-oper-  195.1 £ 254 1372+ 17.6 194.7 £23.8 195.1 £23.9 193.8 & 26.9°
ated knee
Operated knee 195.8 £25.7 195.6 £25.7 1955 £1255 1955 £25.6 195.5 £25.5
Contralateral non-oper-  195.9 + 25.7 195.8 £25.6 195.7 £ 25.6 195.7 £25.7 195.6 £ 25.6
ated knee
Rectus femoris
Group A
Operated knee 121.5 £ 12.0 67.7 £ 12.9 90.3 £13.7 102.9 £ 11.5 121.1 £+ 12.6*
Contralateral non-oper-  120.7 £ 12.3 1203 £ 11.9 1195+ 112 1195+ 122 119.6 & 12.3%
ated knee
Group B
Operated knee 120.1 £ 13.8 119.8 £ 13.9 1199 £ 13.7 1199 +13.8 119.8 £ 13.6
Contralateral non-oper-  120.2 & 13.8 119.9 +£13.8 120.1 £13.8 119.9 +13.8 1199 +£13.9

ated knee

Data are given as mean = standard deviation in cm®. Statistically significant measurements are marked as bold and italic

4 p <0.001 for the change with time. °® p < 0.001 for the overall difference between operated versus contralateral non-operated knees
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Tissue measurements in Group A (TKA with tourniquet)
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Fig. 5 Preoperative and postoperative tissue measurements in operated and contralateral non-operated knees of patients who underwent TKA
with a tourniquet (Group A). On the operated side, p < 0.001 for change with time for all tissues

WOMAC score and KSS

The total WOMAC score and subscores for pain, stiff-
ness, and physical function were significantly lower after
the operation in both Group A and Group B (p < 0.001
for all) (Table 4, Fig. 6). The decrease was significant
throughout the 12-month follow-up period (Table 4).
The total WOMAC score was significantly higher in
Group A than in Group B postoperatively at 1-6 months
(p < 0.001 for all) but not at 12 months (Table 4). The
physical function scores postoperatively at 1-6 months,
stiffness scores postoperatively at 3 months, and pain
scores postoperatively at 3 to 6 months were also signifi-
cantly different between the two groups (p < 0.001 for
all) (Table 4).

The KSS knee and functional scores were significantly
higher in the operated knees of both groups during the
12-month postoperative period than the preoperative period
(p < 0.001 for all) (Table 5, Fig. 7). The KSS for Group
A was significantly lower than that for Group B postopera-
tively at 1-6 months (Table 5). The 95 % confidence inter-
vals for the independent measurements of each parameter
were similar among the surgeons, indicating that there was
no significant interobserver variability. The measurements
derived from the images were also reproducible.

Discussion

The most important finding of the study was that tourniquet
use during TKA had a negative impact on the thigh muscles
and could postoperatively delay the functional recovery of
patients.

Because of the low quality of evidence among the large
number of clinical studies on the perioperative tourniquet
use in TKA, many meta-analysis studies have recently been
published. All these meta-analyses showed that the poten-
tial complications of tourniquet use in TKA outweigh its
benefits and that the long-term outcome of tourniquet use
is uncertain [1, 9, 23, 31, 33, 34]. These studies suggested
that although tourniquet use saves time, it increases throm-
boembolic complications and does not significantly reduce
blood loss [1, 9, 23, 31, 33, 34]. Li et al. [13] indicated
that tourniquet use may promote postoperative hidden
blood loss and prevent patients’ participation in early reha-
bilitation exercises. Ejaz et al. [4] showed that TKA with-
out tourniquet use results in better functional and clinical
outcomes, i.e. faster recovery and wider range of motion.
Recent studies have also suggested tourniquet use at a lower
pressure [19, 27] or for a limited time during the operation,
for example, during cementation [5, 25] or wound closure
[32, 34], to eliminate the risks associated with prolonged
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Table 4 Preoperative and postoperative Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) scores of operated knee of
study groups

WOMAC subscale Preoperative Postoperative Postoperative Postoperative Postoperative p value (Change
1st month 3rd month 6th month 12th month with time)
Pain
Group A (n = 35) 169+£1.9 10.60 £ .9 42+£09 23407 1.6+0.5 <0.001*
Group B (n = 39) 16.1 £1.8 99+13 21+0.6 1.6 0.5 1.6+0.5 <0.001*
p value (Groups A 0.047 0.037 <0.001 <0.001 n.s.
vs. B)
Stiffness
Group A (n = 35) 6.08 = 1.09 2.94+0.76 1.68 £ 0.63 0.60 £ 0.55 0.28 +0.45 <0.001*
Group B (n = 39) 5.82 +£1.04 2.69 +£0.83 0.69 £ 0.56 0.51 £0.55 0.38 £ 0.54 <0.001*
p value (Groups A n.s. n.s. <0.001 n.s. n.s.
vs. B)
Physical function
Group A (n = 35) 50.17 £ 4.99 39.14 +4.23 24.02 +£3.77 11.02 +2.50 8.97+1.22 <0.001*
Group B (n = 39) 48.92 £5.21 35.89 +2.81 11.92 +2.36 894 +£1.23 8.82 £ 1.16 <0.001%
p value (Groups A n.s. <0.001 <0.001 <0.001 n.s.
vs. B)
Total score
Group A (n = 35) 7322 £7.48 52.68 +5.05 2991 +4.52 13.88 £ 3.04 10.88 £ 1.40 <0.001*
Group B (n = 39) 70.84 £ 7.45 48.48 £ 3.56 14.74 £ 2.61 11.07 £ 1.61 10.74 £ 1.40 <0.001*
p value (Groups A n.s. <0.001 <0.001 <0.001 n.s.
vs. B)

Data are given as mean =+ standard deviation
n.s. not significant

# p <0.001 for preop versus postop Ist, 3rd, 6th, and 12th months

% WOMAC Scores
Preop
70 M Postop 1st month
B Postop 3rd month
60 " H Postop 6th month
B Postop 12th month

o 50
o
O
n
c 40
©
]
b

30

20

10 +

0- L L
Pain Stiffness Physical Total score Pain Stiffness Physical Total score
function function
Group A (TKA with tourniquet) Group B (TKA without tourniquet)

Fig. 6 Preoperative and postoperative Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) scores for the operated
knees of patients who underwent TKA with (Group A) and without (Group B) a tourniquet

@ Springer



Knee Surg Sports Traumatol Arthrosc (2016) 24:2595-2605 2603
Table 5 Preoperative and postoperative Knee Society Score (KSS) of operated knee of study groups
KSS subscore Preoperative Postoperative Postoperative Postoperative Postoperative p value (Change
1st month 3rd month 6th month 12th month with time)

Knee score

Group A (n = 35) 3448 £291 57.45 +5.53 68.68 + 5.31 77.62 + 5.00 83.80 £5.23 <0.001*

Group B (n = 39) 34.35+2.76 61.00 + 4.84 80.12 £ 5.46 81.74 + 4.58 82.15 £ 4.04 <0.001*

p value (Groups A n.s. 0.017 <0.001 <0.001 n.s.
vs. B)

Functional score

Group A (n = 35) 29.85 + 10.60 47.14 £ 8.68 61.71 £7.27 73.71 £5.98 82.85 +7.10 <0.001%

Group B (n = 39) 31.92 +8.55 64.35 + 8.59 80.89 £+ 5.48 83.07 £5.45 82.82 £ 5.10 <0.001%

p value (Groups A n.s. <0.001 <0.001 <0.001 n.s.
vs. B)
Data are given as mean =+ standard deviation
n.s. not significant
# p <0.001 for preop versus postop Ist, 3rd, 6th, and 12th months
KSS Scores
90
Preop

Mean Score

Knee Score Functional Score

Group A (TKA with tourniquet)

1 ¥ Postop 1st month
. B postop 3rd month
B postop 6th month
1 i B Postop 12th month
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Fig. 7 Preoperative and postoperative Knee Society Score (KSS) of the operated knee in patients who underwent TKA with (Group A) and

without (Group B) a tourniquet

tourniquet use. In addition, instead of tourniquet use, other
measures that have been shown to be effective and safe in
reducing blood loss have been proposed, including the use
of tranexamic acid [3, 11]. However, all aspects of tourni-
quet use should be extensively evaluated to reach a final
conclusion on the benefits and risks of perioperative tour-
niquet use in TKA.

Tourniquets can cause tissue ischaemia and reperfusion,
but the outcome of ischaemia/reperfusion on the muscles

and soft tissues of the thigh remains incompletely under-
stood. Therefore, in this study, the effect of tourniquet use
on the volume of the entire thigh, the quadriceps femoris,
and other thigh muscles was investigated.

Hocker et al. [8] obtained biopsies from the vastus
lateralis during TKA and found increased endoplasmic
reticulum stress in muscle tissue with tourniquet use. The
biopsies from the quadriceps femoris muscle in TKA with
tourniquet use indicated that tourniquet-induced ischaemia/
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reperfusion induces changes in glutathione metabolism,
signifying oxidative stress [30]. Liu et al. [14] compared
quadriceps function using electromyography following
TKA with and without tourniquet use in 20 patients with
osteoarthritis. They found that the tourniquet group had
significantly more pain and limited quadriceps function
than the non-tourniquet group postoperatively at 6 months.
Consistent with the previous studies, it was found that
the quadriceps and other thigh muscles were negatively
affected by the perioperative tourniquet use. In the group
with tourniquet use, in comparison with the non-operated
knees, the operated knees exhibited significantly lower
thigh and all-muscle volumes for the total quadriceps, vas-
tus lateralis, vastus medialis, vastus intermedius, and rectus
femoris. However, in patients who underwent TKA without
tourniquet use, no significant difference was observed in
tissue measurements between the operated and non-oper-
ated knees. It was considered that the negative effect of a
tourniquet on thigh muscle volume is caused by tourniquet-
induced tissue ischaemia and reperfusion, which initiates
a cascade of tissue reactions leading to oxidative stress, as
previously shown [8, 14, 21].

A tourniquet-induced decrease in thigh muscle volume
is not without clinical effects. The patients’ postoperative
WOMAC score and KSS were evaluated because these
are common indicators of pain and physical functional-
ity in operated knees. Our results indicated that regard-
less of tourniquet use, the functionality of operated knees
increased significantly with TKA from the first month after
the operation. However, the improvement in functional-
ity, which was evaluated by both the WOMAC score and
KSS, was greater in patients who underwent TKA with-
out tourniquet use than in those who underwent TKA with
tourniquet postoperatively up to 12 months. However, both
groups were found to have a similar level of functional-
ity at the 12-month follow-up. Our findings regarding late
functional recovery following TKA with tourniquet use
are in line with those of previous studies, which reported
that functional recovery following TKA is closely associ-
ated with the strength of the thigh muscles, particularly the
quadriceps femoris muscle [21]. In a meta-analysis of 13
randomized clinical trials involving 689 patients, the post-
operative knee range of motion in the tourniquet group was
less than that in the non-tourniquet group during the early
stages after surgery; therefore, tourniquet use may hinder
patients’ early postoperative rehabilitation exercises [33].

The present study primarily showed that tourniquet use
during TKA had negative effects on the knee functions and
patients’ quality of life, as shown by WOMAC score and
KSS; therefore, caution should be exercised for tourniquet
use during TKA in daily clinical practice.

The retrospective design and small sample size were the
main limitations of this study. Furthermore, the decision of
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tourniquet use was solely based on each surgeon’s clinical
and personal experiences, which represented a selection
bias. Furthermore, all surgeries were performed by two sur-
geons, which was another source of bias. Because the deci-
sion of tourniquet use was based on each surgeon’s prefer-
ence, not defined by any randomization, and sample size
would be small if only one surgeon’s patients were included,
two surgeons performed all surgeries. Another limitation
was that intraobserver reliability could not be assessed.
Despite these limitations, which prevented us from reach-
ing a definitive conclusion, this was the first study to show
an association between a decrease in thigh muscle volume
and tourniquets use in TKA. Our results were significantly
important because it is well known that the surgical factors
such as approach and tourniquet use affecting the function
and strength of the quadriceps femoris muscle should be
understood and eliminated by surgeons to obtain the best
TKA outcome [7, 26]. Further prospective studies with a
larger sample size are needed to reach a final conclusion
on the effect of tourniquet use in TKA on patients’ thigh
muscles and functionality and to suggest alternative clinical
measures to prevent intraoperative blood loss.

Conclusion

In conclusion, the thigh and quadriceps muscle volumes are
decreased, and recovery of knee functions is delayed post-
operatively by tourniquet use in TKA. Therefore, the use of
alternative methods for tourniquet use to prevent intraop-
erative blood loss is recommended.
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