Clin Orthop Relat Res (2016) 474:69-77
DOI 10.1007/s11999-015-4393-8

Clinical Orthopaedics
and Related Research’

APublication of The Association of Bone and Joint Surgeons®

@ CrossMark

SYMPOSIUM: 2015 KNEE SOCIETY PROCEEDINGS

Does Tourniquet Use in TKA Affect Recovery of Lower Extremity
Strength and Function? A Randomized Trial

Douglas A. Dennis MD, Andrew J. Kittelson PT, DPT (PhD Candidate),
Charlie C. Yang MD, Todd M. Miner MD, Raymond H. Kim MD,

Jennifer E. Stevens-Lapsley PT, PhD

Published online: 23 June 2015
© The Association of Bone and Joint Surgeons® 2015

Abstract

Background Tourniquet use during total knee arthroplasty
(TKA) improves visibility and reduces intraoperative blood
loss. However, tourniquet use may also have a negative
impact on early recovery of muscle strength and lower
extremity function after TKA.

Questions/purposes The purpose of this study was (1) to
determine whether tourniquet use affects recovery of
quadriceps strength (primary outcome) during the first 3
postoperative months; and (2) to examine the effects of
tourniquet application on secondary outcomes: voluntary
quadriceps activation, hamstring strength, unilateral limb
balance as well as the effect on operative time and blood
loss.
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Methods Twenty-eight patients (mean age 62 + 6 years;
16 men) undergoing same-day bilateral TKA (56 lower
extremities) were enrolled in a prospective, randomized
study. Subjects were randomized to receive a tourniquet-
assisted knee arthroplasty on one lower extremity while the
contralateral limb underwent knee arthroplasty without
extended tourniquet use. In the former group, the tourniquet
was inflated just before the incision was made and released
after cementation; in the latter group, a tourniquet was not
used (10 of 28 [36%]) or inflated only during component
cementation (18 of 28 [64%]). The choice of no tourniquet or
use just during cementation was based on surgeon choice,
because some surgeons felt a tourniquet during cementation
was necessary to achieve a dry surgical field to maximize
cement fixation. A median parapatellar approach and the
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identical posterior-stabilized TKA design were used by all
four fellowship-trained knee surgeons involved. Isometric
quadriceps strength, hamstring strength, voluntary quadri-
ceps activation, and unilateral balance were assessed
preoperatively, 3 weeks, and 3 months after bilateral knee
arthroplasty. Other factors, including pain, range of motion,
and lower extremity girth, were assessed for descriptive
purposes at each of these time points as well as on the second
postoperative day.

Results Quadriceps strength was slightly lower in the
tourniquet group compared with the no-tourniquet group
(group difference = 11.27 Nm [95% confidence interval
{CI}, 2.33-20.20]; p = 0.01), and these differences per-
sisted at 3 months after surgery (group difference = 9.48
Nm [95% CI, 0.43-18.54]; p = 0.03). Hamstring strength
did not differ between groups at any time point nor did
measures of quadriceps voluntary activation or measures of
unilateral balance ability. There was less estimated intra-
operative blood loss in the tourniquet group (84 £ 26 mL)
than in the no-tourniquet group (156 £ 63 mL) (group dif-
ference = —74 mL [95% CI, —100 to —49]; p < 0.001).
However, there was no difference in total blood loss between
the groups (group difference = —136 mL [95% CI, —318to
45];p = 0.13).

Conclusions Patients who underwent TKA using a
tourniquet had diminished quadriceps strength during the
first 3 months after TKA, the clinical significance of which
is unclear. Future studies may be warranted to examine the
effects of tourniquet use on long-term strength and func-
tional outcomes.

Level of Evidence Level I, therapeutic study.

Introduction

Application of a tourniquet during TKA has been fre-
quently used to improve visualization of the operative field,
decrease intraoperative blood loss [11, 14, 17, 22, 27, 60,
65], and improve the quality of cementation by providing a
relatively bloodless operative field [21]. A 2010 analysis of
current practice patterns of members of the American
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Association of Hip and Knee Surgeons found 95% of
patients without vascular disease who underwent TKA had
their procedures performed under tourniquet control [7].

Some reports have found numerous disadvantages
associated with tourniquet use, including reduced early
knee flexion [11, 14, 60, 62, 65], increased perioperative
pain [11, 14, 27, 56, 57], increased postoperative limb
swelling [11, 21, 47], more frequent wound complications
[9, 12, 40, 41], an increase in cardiac and cerebral
microemboli [16, 20, 42-44, 55], an increased incidence of
deep venous thrombosis [8, 57, 65], an increased risk of
arterial thrombosis in subjects with preoperative vascular
disease [22, 26, 48], a risk of peripheral nerve injury [29,
39], and skin irritation from tourniquet application [13].

Limited research has been conducted to evaluate the
effects of tourniquet use on postoperative rehabilitation and
early functional strength recovery after TKA. The purpose
of the current randomized controlled trial is to determine
whether tourniquet use during TKA affects (1) the recovery
of quadriceps strength; and (2) other factors including
voluntary quadriceps activation, hamstring strength, and
unilateral limb balance.

Patients and Methods

This prospective randomized controlled study was con-
ducted by a team of researchers at Colorado Joint
Replacement and the Department of Physical Medicine and
Rehabilitation at the University of Colorado School of
Medicine and approved by the institutional review board
and ethics committee at Porter Adventist Hospital. The
Colorado Multiple Institutional Review Board, which
oversees human subjects’ research at the University of
Colorado Anschutz Medical Campus, also reviewed the
study protocol and ceded to the institutional review board
at Porter Adventist Hospital. Patients undergoing same-day
bilateral TKA were recruited and tested between October
2012 and August 2014.

Patients were eligible for inclusion if they elected to
undergo simultaneous bilateral TKA for knee osteoarthritis
and were deemed appropriate surgical candidates for such a
procedure. Exclusions included medical risk factors that
precluded a bilateral TKA surgical operation and unstable
orthopaedic or neuromuscular conditions (including hip
pain) that could differentially influence lower extremity
recovery and performance after TKA. Potential between-
group confounders such as baseline demographics or other
systemic factors (such as medical comorbidities) were
accounted for by the within-subject design, wherein each
patient’s limbs were randomized to receive one of two
procedures: (1) TKA performed with use of a tourniquet; or
(2) TKA during which a tourniquet was not used or was
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inflated only for component cementation (no-tourniquet
group).

Fifty patients were screened for inclusion in this ran-
domized controlled trial. Thirty-two patients (64 knees)
agreed to participate, whereas 18 refused to participate in
the study. During the period of this analysis, 118 same-day
bilateral knee TKAs were performed at our center. Two
patients participated in preoperative strength and functional
assessments but subsequently underwent unilateral TKA
and were withdrawn from the study. One additional patient
required a total synovectomy as a result of proliferative
synovitis (unanticipated before surgery) during TKA of the
tourniquet limb. Because of the strong potential for
between-limb surgical differences to confound postopera-
tive comparisons in strength and functional outcomes, this
patient was withdrawn before followup evaluation. Finally,
one participant did not return phone calls or emails after
surgery and was lost to followup. All other patients
(N = 28; 16 male, 12 female) were included in the anal-
ysis. The average age of the study population was
62 £ 6 years, and the average body mass index was
29 + 4 kg/m”.

Randomization was computer-generated, in permuted
blocks of two or four, by a research assistant (KS) who was
not involved in patient care and did not perform any of the
study assessments. Surgeons were informed of limb
assignment for each patient 24 hours before the operative
procedure. During the operation, patients underwent the
initial TKA on the right lower extremity, regardless of
group assignment, so that a potential order effect could be
accounted for in the analysis. Fourteen patients had the
right lower extremity randomized to the no-tourniquet
group (left lower extremity randomized to undergo the
tourniquet procedure), whereas the other 14 patients had
the left lower extremity randomized to the no-tourniquet
group. Leg dominance was not assessed. Patients, physical
therapists, nurses, and research assistants involved in study
assessments were blinded to group assignment.

All TKAs were performed by surgeons of Colorado
Joint Replacement according to a standard protocol. Spinal
anesthesia plus a single local anesthetic injection femoral
nerve block for each limb was used for all patients.
Appropriate perioperative parenteral antibiotics were
administered in all patients for infection prophylaxis. For
limbs assigned to the tourniquet group, a pneumatic
tourniquet placed high on the thigh was inflated to
250 mmHg before the skin incision. The tourniquet was
released on completion of cementation of femoral, tibial,
and patellar components. For limbs in the no-tourniquet
group, a tourniquet was not used (10 of 28 [36%]) or
inflated only during component cementation because some
participating surgeons felt a tourniquet was necessary to

minimize blood at the bone-cement interface and maximize
fixation (18 of 28 [64%]). All TKAs, regardless of group
assignment, were performed using a medial parapatellar
approach and a gap balancing technique with substitution
of the posterior cruciate ligament. The same implant design
was implanted into both knees of each individual subject.
Hemostasis was achieved by electrocautery. Before wound
closure, all knees received an intraarticular (synovium,
periosteum, posterior capsule, and arthrotomy site) injec-
tion of a cocktail containing ropivicaine, epinephrine,
clonidine, and ketorolac to enhance postoperative analge-
sia. Intraarticular drains were used in all TKAs and were
removed on the morning of the first postoperative day.
Operative and tourniquet times were recorded for all pro-
cedures. Intraoperative blood loss was estimated from
suction drainage volume and lap sponges. Postoperative
blood loss was recorded by the inpatient nursing staff from
that collected in the suction drain reservoirs.

Anticoagulation regimens, postoperative pain manage-
ment, and other systemically delivered therapies, which
were deemed unlikely to have a differential effect on right
versus left knees, were administered according to the
preferences of individual surgeons. Inpatient physiotherapy
was delivered according to hospital protocols, and all
patients participated in a similar outpatient physiotherapy
program three times weekly for a minimum of six weeks.

Study assessments for primary and secondary outcomes
(except for operative measures) were performed at the
University of Colorado Anschutz Medical Campus preop-
eratively and at 3 weeks and 3 months after the bilateral
TKAs. Isometric torque for quadriceps and hamstring
muscles was also measured during the hospital stay using
different instrumentation. Assessments of other outcomes
(pain, swelling, range of motion) were performed at these
time points as well as during the hospital stay on the second
postoperative day.

For the main study endpoints (preoperative, 3 weeks,
3 months), isometric quadriceps muscle torque (primary
outcome) and hamstring torque (secondary outcome) were
measured during a maximum voluntary isometric contrac-
tion (MVIC) using a HUMAC NORM (CSMi, Stoughton,
MA, USA) electromechanical dynamometer. Data were
collected with a Biopac Data Acquisition System at a
sampling frequency of 2000 Hz (Biodex Medical Systems,
Inc, Shirley, NY, USA). Quadriceps and hamstring strength
assessments were performed twice and the maximum vol-
untary torque value was recorded. If maximal torque
differed by more than 5%, a third trial was performed.
Quadriceps activation testing was performed using the
doublet interpolation test, as previously described [5, 6,
32]. A value of 100% represents full voluntary muscle
activation, and anything less than 100% represents a deficit
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in muscle activation (incomplete motor unit recruitment or
decreased motor unit discharge rates). The hamstrings were
not tested for voluntary activation. The unilateral balance
test, a common test of static balance [30], was chosen as a
surrogate measure of unilateral knee function.

To measure strength in the inpatient setting, a force
transducer device (Lebow Products, Troy, MI, USA),
which had been validated in pilot testing against an elec-
tromechanical dynamometer, was used to measure the
force of MVIC of the hamstring and quadriceps muscles.
This device was chosen to maximize the accuracy of
strength assessments in the early postoperative period,
when electromechanical dynamometry was not accessible.
The methodology of this testing is further described in an
electronic appendix (Appendix 1 [Supplemental materials
are available with the online version of CORR™ .D.

Other measures that were assessed for descriptive pur-
poses included an assessment of knee active range of
motion (AROM), measured in the supine position using a
long-arm goniometer as previously described [38]. When
measuring active knee extension, the heel was placed on a
4-inch block and the participant was instructed to actively
extend the knee. Negative values of extension represented
hyperextension. For active knee flexion, the participant was
instructed to actively flex the knee as far as possible
keeping the heel on the supporting surface. Calf girth
(20 cm proximal to the medial malleolus), knee girth
(suprapatellar), and thigh girth (10 cm proximal to the
superior border of the patella) were recorded to assess
lower extremity edema. Finally, pain was measured using
an 11-point verbal numeric pain rating scale. Patients were
asked to rate the pain in each knee on a scale of 0 to 10
with O representing no pain and 10 representing the worst
pain imaginable.

To our knowledge, there is no agreed-upon minimal
clinically important difference (MCID) in quadriceps
strength outcomes for patients undergoing TKA. Therefore,
we chose to base our estimate of sample size on our desire
to detect a small to medium effect (Cohen’s d < 0.4) on
quadriceps strength at our primary endpoint (3 weeks after
surgery). Based on our previous work [51, 53], we assumed
a standard deviation in quadriceps strength of 29.8 Nm at
3 weeks after surgery and estimated that 25 patients (50
knees) would be required to achieve 90% power to detect a
small to medium effect (approximately 12 Nm) at this time
point. Sample size estimates were performed using Statis-
tical Analysis Software (SAS Institute Inc, Cary, NC,
USA). To recruit a sample of 50 knees through 3 weeks
after surgery, a total of 32 patients were enrolled with 28
patients (56 knees) completing testing at 3 weeks and 26
patients (52 knees) completing testing at 3 months.

Our study was underpowered to assess complications,
which were indeed uncommon and summarized as follows:

@ Springer

one non-fatal pulmonary embolism (origin unknown), one
asymptomatic deep vein thrombosis in a limb assigned to
the no-tourniquet group, and one traumatic wound dehis-
cence for a limb assigned to the tourniquet group that was
managed surgically and that precluded 3-month strength
testing.

The primary outcome measure, a difference in isometric
quadriceps muscle torque between tourniquet and no-
tourniquet groups at 3 weeks postoperatively, was evaluated
using maximum likelihood estimation of a multivariate,
repeated-measures model. This analysis was chosen to allow
us to control for the order of surgery. The model computed
the difference between limbs at each time point, providing a
paired comparison that is analogous to a repeated-measures
analysis of variance. This method also avoids case-wise
deletion of missing data with the maximum likelihood esti-
mate calculated under the assumption that missing data are
missing at random [61]. Group differences in operative time,
tourniquet time, and blood loss were evaluated with paired t-
tests. SAS Version 9.3 was used for all statistical analyses. A
two-sided alpha level of 0.05 was designated for statistical
significance.

Results

Although no differences were found at baseline, by
3 weeks after TKA, quadriceps strength was lower in the
tourniquet group compared with the no-tourniquet group
(group difference = 11.27 Nm [95% confidence interval
{CI}, 2.33-20.20]; p = 0.01; Table 1), and these differ-
ences persisted at 3 months after surgery (group
difference = 9.48 Nm [95% CI, 0.43-18.54]; p = 0.03).
On the second postoperative day, we found no differences
in quadriceps strength. Hamstring strength did not differ
between groups at any time point nor did measures of
quadriceps voluntary activation or measures of unilateral
balance ability (Fig. 1).

There was less estimated intraoperative blood loss in the
tourniquet group than in the no-tourniquet group (group
difference = —74 mL [95% CI, —100 to —49]; p < 0.001;
Table 2). However, group differences in total blood loss did
not reach statistical significance (group difference =
—136 mL [95% CI, —318 to 45]; p = 0.13). Operative time
did not differ between limbs assigned to the tourniquet
procedure (62 + 11 minutes) and limbs assigned to the no-
tourniquet procedure (65 £ 10 minutes). As expected, the
average tourniquet time in the tourniquet group was greater
than the no-tourniquet group (group difference = 42 min-
utes [95% CI, 37-47]; p < 0.001).

Descriptive statistics for other outcomes (pain, lower
extremity girth, and AROM) are reported (Table 3). Visual
inspection of group means suggests against a clinically
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Table 1. Mean values (SDs) and group differences (95% confidence intervals) for primary (quadriceps strength) and secondary outcome measures at all study interval assessments

3 months

3 weeks

Postoperative day 2

Preoperative

Variable

NoTQT-TQT
(95% CI)

TQT

No TQT

NoTQT-TQT
(95% CI)

No TQT TQT

NoTQT-TQT

No TQT TQT

NoTQT-TQT
(95% CI)

TQT

No TQT

(95% CI)

9.48" (0.43-

136.74 127.66

11.27* (2.33—

89.43 78.21

18.31 5.53 (-3.26 to

—1.70 (—10.69 to 23.84

153.18

151.88

Quadriceps

18.54)
—0.94 (—7.83 to

(43.75)
84.84

(47.75)
84.34

20.20)
0.44 (—6.34 to

(34.53)
60.30

(42.45)

14.33)
~1.05 (=595 to 61.13

(12.91)

22.89

(23.67)

21.83

7.29)
0.92 (—5.78 to

(55.15)
87.48

(59.16)

Hamstring strength 88.33

strength (Nm)

5.95)
—1.12 (-5.76 to

(34.75)

(36.01)
88.35

87.02

7.22)
297 (—1.57 to

(28.62)

3.85) (31.30)
80.93 78.33

(11.22)

(12.72)

7.62)
—0.49 (—5.26 to

(31.39)
81.44

(34.76)

81.47

(Nm)

Quadriceps

3.53)
4.75 (=232 to

(10.55)

47.77

(8.66)
52.26

7.50)
547 (—1.58 to

(12.51)
37.27

(10.42)

40.97

4.29)
1.30 (—5.86 to

(15.38)
46.82

14.47)

48.43

activation (%)

UBT (seconds)

(1878)  11.82)

(15.68)

12.52)

(22.90)

(21.89)

8.45)

(17.53)

(19.85)

tourniquet group; CI = confidence interval; UBT = unilateral

* Significant group difference (p = 0.01); Tsignificant group difference (p = 0.03); NoTQT = no-tourniquet group; TQT =

balance test.

meaningful difference between tourniquet and no-tourni-
quet approaches.

Discussion

A recent practice survey demonstrated a predominance of
knee arthroplasties are performed using a tourniquet [7].
Advantages of tourniquet use include improved visualiza-
tion, reduced intraoperative blood loss, and enhancement
of cement fixation [11, 14, 17, 21, 22, 27, 45, 54]. Reported
adverse effects of tourniquet use include reduced early
knee flexion [11, 14, 60, 62, 65], increased perioperative
pain [11, 14, 27, 56], postoperative limb swelling [11, 21,
47], wound complications [9, 12, 40, 41], and creation of
cardiac and cerebral microemboli [16, 20, 42-44, 55].
Additionally, some have reported an increased incidence of
deep venous thrombosis [8, 57, 65], arterial thrombosis in
subjects with preoperative vascular disease [26, 48, 49],
and peripheral nerve injury [28, 39]. This study was
designed to determine if tourniquet use during TKA
affected postoperative functional recovery, particularly the
return of quadriceps strength, as well as secondary mea-
sures such as hamstring strength, quadriceps activation,
unilateral balance, and the amount of perioperative blood
loss. A bilateral TKA study model with both operative
procedures performed at the same surgical setting was
chosen to minimize between-group confounding variables.
Each patient served as their own control; the rehabilitation
program was identical and simultaneous for each TKA, and
each TKA was equally affected by potential systemic
adverse medical events.

Our results showed greater quadriceps strength when a
tourniquet was not used, at both 3 weeks (approximately
14% greater) and 3 months (approximately 7% greater)
after surgery. The authors hypothesize the reduction in
quadriceps strength is multifactorial and likely related to
muscle damage from tourniquet-induced ischemia or
direct compressive injury. In those patients who experi-
ence increased pain from tourniquet use, the increased
pain may result in some degree of quadriceps inhibition.
Abdel-Salam and Eyres [1] assessed quadriceps strength
in a comparative study of patients undergoing TKA
performed with or without a tourniquet using the time
required for the patient to perform a straight leg raise
maneuver. Quicker ability to achieve this activity was
observed in subjects in whom a tourniquet was not used.
Ejaz et al. [14] studied a cohort of 70 patients under-
going TKA in whom only 35 were randomized to
receive a tourniquet. Patients treated without a tourniquet
demonstrated superior outcome in all Knee Injury and
Osteoarthritis Outcome Score subscores and better early
knee AROM out to 8 weeks postoperatively. Mittal et al.
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Fig. 1A-D Group means for no-tourniquet (NoTQT) and tourniquet
(TQT) limbs are displayed at each time point (mean = SEM at each
time point). Changes over time are shown for (A) maximum isometric
quadriceps torque, (B) maximum isometric hamstring torque,
(C) quadriceps voluntary activation, and (D) unilateral balance test.
*Difference between NoTQT and TQT groups is significant at the
p < 0.05 level. UBT = unilateral balance test.

Table 2. Perioperative measures

[33] in a similar comparative study found no differences
in Oxford knee scores at 10 weeks after TKA.

To our knowledge, there is no agreed-upon clinically
important difference in quadriceps strength for this popu-
lation. Nevertheless, quadriceps weakness is a hallmark of
TKA [4, 34, 52]. Although other measures of physical
function typically recover over the first 3 postoperative
months, quadriceps strength appears to take the better part
of a year to recover to preoperative levels (and may fail to
fully recover for many patients) [4, 34]. Early postopera-
tive deficits in quadriceps strength may be particularly
problematic because there is reason to believe that early
strength loss, occurring primarily through deficits in vol-
untary muscle activation [36], may actually exacerbate
long-term weakness [24]. In fact, there is a growing body
of research focused on improving TKA rehabilitation
specifically to limit early postoperative loss of quadriceps
strength [31, 53]. Moreover, for patients undergoing TKA,
quadriceps strength is one of the most robust predictors of
long-term function in tasks such as chair-rise and stair-
climbing ability [35, 64]. The strength differences we
observed are comparable in effect size to what has been
observed in studies of traditional versus minimally invasive
(or quadriceps-sparing) TKA [23, 51]. Future research
might consider combination approaches (eg, reduced
tourniquet use in combination with quadriceps-sparing
surgical techniques) to optimize strength recovery. Cur-
rently, the decision of whether to use a tourniquet should
be influenced by many potential risks and benefits that
must be individualized for each patient and also influenced
by surgeon confidence that they can perform a TKA with
the same precision without as with the use of a tourniquet.

Limitations of this report include that testing was con-
tinued to only 3 months postoperatively. The focus of this
report, however, was to investigate the effects of a
tourniquet on early TKA recovery. Second, the sample size
may not be large enough to determine statistical signifi-
cance for all variables tested such as quadriceps voluntary
activation, unilateral limb balance, and blood loss. Such
measures warrant inclusion in future research of tourniquet
effects on postoperative recovery, and the effect sizes
observed in this study could be used to inform sample size
estimates for future studies, if examination of statistical
significance in these outcomes is deemed clinically

Perioperative measures TQT NoTQT Difference (95% CI) p value
Tourniquet time (minutes) 50.63 (11.35) 8.93 (5.74) 41.7 (36.7-46.7) < 0.001
Operative time (minutes) 61.88 (10.77) 64.88 (9.48) —3.0 (—8.0to 2.0) 0.22
Intraoperative blood loss (mL) 83.92 (25.85) 155.77 (62.57) —74.1 (—99.6 to —48.5) < 0.001
Total blood loss (mL) 426.53 (197.50) 559.44 (331.11) —136.4 (—317.9 to 45.1) 0.13

Values in parentheses are SD; TQT = tourniquet group; NoTQT = no-tourniquet group; CI = confidence interval.
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Table 3. Mean values (SDs) for knee pain, AROM, and lower extremity girth measurements

Variable Preoperative Postoperative day 2 3 weeks 3 months
No TQT TQT No TQT TQT No TQT TQT No TQT TQT
Pain (NPRS) 6.08 (2.27) 6.17 (2.47) 476 (2.07) 5.20(1.98) 3.25 (1.94) 3.73 (2.13) 232 (2.07) 2.56 (2.14)
Flexion AROM (°) 124.41 121.74 77.72 73.48 107.64 104.79 122.69 120.88
(10.69) (11.89) (18.25) (19.10) (14.68) (14.97) (7.25) (8.19)
Extension AROM  3.15 (3.18) 3.00 (4.53) 4.64 (3.12) 4.60 (3.87) 5.43 (3.46) 6.04 (3.26) 2.46 (1.58) 3.00 (2.71)
©)
Calf girth (cm) 37.33 (3.81) 37.29 (3.68) 36.72 (4.33) 35.88 (3.61) 37.46 (6.56) 37.30 (6.15) 36.16 (3.87) 36.31 (3.68)
Knee girth (cm) 43.21 (4.40) 43.56 (4.45) 46.59 (4.15) 46.20 (8.50) 44.71 (4.78) 44.96 (4.15) 43.53 (4.29) 4391 (4.42)
Thigh girth (cm) 46.27 (6.49) 46.98 (5.70) 51.58 (9.10) 50.50 (6.06) 46.60 (5.42) 45.89 (5.01) 45.97 (6.14) 46.05 (5.57)

TQT = tourniquet group; No TQT = no-tourniquet group; NPRS = numeric pain rating scale; AROM = active range of motion.

relevant. Previous work performed by the authors [51, 53]
suggested that 25 patients (50 knees) would be required to
achieve 90% power to detect a small to moderate effect of
tourniquet use on quadriceps strength at 3 weeks postop-
eratively, the primary variable of this report. Because leg
dominance was not formally assessed in this study, it is
conceivable that—by chance—the tourniquet could have
been applied to the nondominant leg a greater proportion of
the time, thus confounding outcomes in favor of the no-
tourniquet group. However, given that no group differences
were observed at baseline in primary or secondary out-
comes, we consider it likely that our randomization was
successful in accounting for between-limb differences.
Future work could consider incorporating assessments of
leg dominance or other measures of patient perception to
better characterize tourniquet effects in relation to patient-
reported factors. Third, the methods used to assess intra-
operative and postoperative blood loss may lack precision
as a result of factors such as blood loss on drapes, plugged
postoperative drainage systems, etc. Fourth, in the no-
tourniquet group, a tourniquet was used for cementation in
64% of patients with a mean tourniquet time of 9 minutes.
We are unsure if this limited time of tourniquet duration
could have affected our study results, and conceivably this
may have blunted the between-group differences. Lastly,
this report does not provide data or guidance on the use of a
tourniquet in same-day bilateral TKA. As a result of the
increased intraoperative blood loss encountered without
tourniquet use, it may be unwise to avoid tourniquet use in
both limbs of a bilateral TKA because it may result in
excessive intraoperative blood loss. The authors individu-
alize tourniquet use in bilateral TKA. Typically the first
TKA is performed without tourniquet use. If intraoperative
blood loss is greater than 150 cc, a tourniquet is considered
for the second TKA.

Increased intraoperative blood loss was observed when a
tourniquet was not used, but no statistical differences were
found in total (intraoperative + postoperative) blood loss

between the tourniquet and no-tourniquet groups. Review
of the literature shows the majority of studies confirm that
intraoperative blood loss is greater if a tourniquet is not
used [3, 11, 14, 17, 19, 22, 28, 29, 45, 49, 56, 58, 60, 65].
Reports analyzing total blood loss are conflicting with
some demonstrating no differences with or without
tourniquet use [1, 29, 49, 58], whereas others demonstrate
reduced [3, 54] or increased [28, 58] total blood loss if a
tourniquet is used. Some have evaluated the effect of
tourniquet use on hidden blood loss (residual blood within
the knee joint, extravasated blood into adjacent soft tissues
[15], or blood loss resulting from hemolysis [46]) and
observed it is higher if a tourniquet is used [28, 58]. It is
theorized that tourniquet-induced ischemia results in sus-
tained local reactive hyperemia lasting many hours after
tourniquet deflation. This causes increased hemorrhage into
adjacent traumatized tissue in the perioperative period [2,
25, 47]. Another proposed hypothesis is the increased fib-
rinolytic activity associated with tourniquet-induced
ischemia causes bleeding in adjacent soft tissues postop-
eratively [25, 37]. Our results with this relatively small
sample size do not support substantial additional hemor-
rhaging either with or without tourniquet use in that total
blood loss and postoperative edema were not different
between those patients whose procedures were performed
under tourniquet control and those whose were not.
Numerous reports have found lower levels of pain when
a tourniquet is not used [1, 11, 14, 27, 56]. Others have
observed pain is greater with higher tourniquet inflation
pressure [59, 63]. Although our examination of pain was
purely descriptive (we were underpowered for a thorough
statistical examination of group differences in all out-
comes), the group means we observed suggest against a
clinically meaningful effect of tourniquet use on postop-
erative pain levels. Determination of clinically relevant
changes in pain is contextual and probably depends on the
nature and risk of the procedure required to attain a given
improvement [10, 18]. However, the numeric pain scale is
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typically associated with an MCID of approximately 2
points [50], and the mean differences observed in pain
outcomes in our study were substantially smaller.

Small increments (2°-5°) of higher knee flexion mean
values, likely of no clinical significance, were observed
without tourniquet use at all testing intervals (preoperative
until 3 months postoperatively). Most comparative reviews
of tourniquet versus no-tourniquet use demonstrate superior
knee flexion, especially in the first month after TKA, when a
tourniquet was not used [11, 14, 60, 62, 65]. However, the
improved knee flexion is not always maintained at longer-
term followup evaluation [14, 60]. Group means for lower
extremity edema also indicate that any differences would be
unlikely to have clinical relevance. Other reports evaluating
this outcome measure have similarly found no difference
[56, 62] or less edema [11, 47] when a tourniquet is not used.

In this randomized trial, tourniquet use during TKA
negatively impacted quadriceps strength during the first 3
postoperative months. The results of this evaluation have
resulted in limited tourniquet use by the authors in primary
TKA. Future studies may be warranted to examine the
effects of tourniquet use on long-term strength and func-
tional outcomes.
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