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a b s t r a c t

Purpose: The use of tourniquet in orthopedic surgery facilitates operation by establishing a bloodless
surgical field. However, many complications following the use of tourniquets have been reported.
Tourniquet pain is the most common complication. This study aimed to find the actual incidence of pain
associated with tourniquet use in orthopedic surgery and the various factors.
Methods: It is a prospective observational study conducted on 132 consecutive cases. Patients aged 18-70
years with musculoskeletal problems of the forearm and leg requiring surgery were included in the
study. Patients with open injuries or contraindications such as diabetes mellitus, compromised circu-
latory states, neurological deficit, compartment syndrome and unable to give informed consent were
excluded. The parameters assessed included duration of tourniquet use, tourniquet pressure, type of
anesthesia, any interval release of the tourniquet and reapplication after a reperfusion period, whether
upper or lower limb surgery, severity of tourniquet pain, timing of tourniquet release and complications.
Chi-square and non-parametric Mann-Whitney U test were used for data analysis.
Results: In upper limb surgeries, if duration of surgery was less than 60 min, 14 (51.8%) cases experienced
tourniquet pain and 13 (48.1%) had no pain, and if duration of surgery was more than 60 min, 24 (60.0%)
had pain and 16 (40.0%) experienced no pain. In lower limb surgeries if duration of surgery was less than
60 min, 2 (7.7%) experienced pain and 24 (92.3%) had no pain, and if duration of surgery was more than
60 min, 14 (35.8%) experienced pain and 25 (64.8%) had no pain. Degree of tourniquet pain increases with
the duration of surgery. Statistically, there was significant association between tourniquet inflation time
and tourniquet pain in both upper and lower limbs (p ¼ 0.034 and 0.024, respectively)
Conclusion: Incidence of tourniquet pain was in direct proportion to the duration of tourniquet use and
was higher in cases with regional anesthesia. Other risk factors assessed including tourniquet pressure,
upper or lower limb surgery, tourniquet release time and interval had no significant contribution to the
incidence or severity of tourniquet pain.
© 2021 Chinese Medical Association. Production and hosting by Elsevier B.V. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

The word tourniquet coined by Jean Louis Petit, is derived from
the French word “tourner” which means “to turn”. The use of
tourniquet in limb surgery facilitates operation by reliably estab-
lishing a bloodless surgical field with a high level of safety.1

The U.S. Food and Drug Administration has classified pneumatic
tourniquet as class-I medical devices and the complications
following its use has been reduced by improvements in technology
along with appropriate precautions. However, a variety of cases
suffered vascular or neurological damage following the use of
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tourniquets have been reported.1,2,3 Complications arising from
tourniquet use can be systemic, which include cardiovascular ef-
fects, metabolic effects, thermal effects, drug kinetics and reper-
fusion syndrome or local which include tourniquet pain, cutaneous
effects, direct vascular injury, neurological complications, tissue
ischemia, edema and micro-vascular congestion. Tourniquet pain is
described as a poorly localized, dull, tight, aching sensation at the
site of tourniquet application. Tourniquet pain is a cause of concern
for both anesthesiologists and orthopedic surgeons. The clinical
syndrome of tourniquet pain consists of several components and is
not just due to the pain and pressure under the tourniquet.2,3

The purpose of this study was to find the actual incidence of
pain associated with tourniquet use in limb surgeries and the
various factors contributing to them.
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Methods

Study design and settings

It is a prospective observational study undertaken following an
approval from Institutional Ethics Committee, with a convenient
sampling of 132 consecutive cases operated in the department of
orthopedic surgery with pneumatic tourniquet for the need of a
bloodless surgical field from November 2017 to October 2019, a
period over 2 years. The study was performed in accordance with
the Helsinki Declaration of 1964 and its later amendments.

Inclusion and exclusion

Patients aged 18-70 years with musculoskeletal problems of the
upper or lower extremities requiring surgery were included in the
study. All these patients were explained pre-operatively regarding
the use of tourniquet and its associated possible complications. An
informed consent was taken after that.

Patients with open injuries or contraindications such as diabetes
mellitus, compromised circulatory states (such as peripheral
vascular disease, sickle cell disease, etc.), neurological deficit,
compartment syndrome or unable to give an informed consent
were excluded.

Study population

A total of 132 cases operated with pneumatic tourniquet for the
need of a bloodless surgical field over a period of 2 years were
included in this study. Majority of the patients fell in the age group
of 31-40 years (n ¼ 39, 29.5%) followed by the age group of 41-50
years (n ¼ 36, 27.3%). Out of 132 patients, 50 (37.9%) were women
and 82 (62.1%) were men. There were 67 cases involved upper
extremity and 65 involved lower extremity. Both groups of patients
(upper and lower extremity) had similar gender proportions and
age distribution.

Methodology

All patients meeting the inclusion criteria underwent thorough
pre-operative evaluation. General condition of the patient and
associated medical conditions were assessed and fitness for
appropriate anesthesia was taken. Pre-operative blood pressure in
supine position was noted.

Pneumatic tourniquet system was used for all the patients in
this study. Cylindrical non-tapered standard cuff for upper limb and
lower limb were used. Adequate padding was applied over the
extremity. Appropriate tourniquet cuff was applied with adequate
padding and the limb was exsanguinated by elevating to 90� for
2 min. Tourniquet pressure was set by adding 75e125 mmHg above
systolic pressure for upper limb and 150e200mmHg above systolic
pressure for lower limb. However, in normotensive patients an
arbitrary of 250 mmHg for upper limb and 350 mmHg for lower
limb were set.

The parameters assessed included duration of tourniquet use,
tourniquet pressure, type of anesthesia, any interval release of
tourniquet and reapplication after a reperfusion period, whether
upper or lower limb surgery, severity of tourniquet pain, timing of
tourniquet release and other complications including blood loss.

Tourniquet pain was assessed using 11-point numerical rating
scale, the visual analogue scale and 4-point categorical verbal rat-
ing scale. Pain was assessed at 6 h, 24 h and 5 days following the
surgery. Pain ratings were given by the patients and entered by the
same observer.
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Statistical analysis

Data analysis was performed using proportions, Chi-square test
and non-parametric Mann-Whitney U test. A statistical package
SPSS Version 17.0 was used for data analysis. A p < 0.05 was
considered as statistically significant.

Results

Type of anesthesia and tourniquet pain

The type of anesthesia administered to the patient was
analyzed. In the upper extremity, general anesthesia was admin-
istered for 21 patients, brachial block for a total of 37 (11 were also
given tourniquet block) and local anesthesia for 9 (tourniquet block
for 4). All the 65 patients of lower extremity in this study were
given spinal anesthesia or a combination of epidural and spinal
anesthesia. The incidence of pain was higher in patients with
regional anesthesia. Detailed data are shown in Fig. 1.

Duration of inflation and limb surgeries relationship for tourniquet
pain

Tourniquet inflation ranged from 17 min to 140 min for the
upper extremity with the mean duration of 70.14 min, standard
deviation of 36.64 and a median of 70min. For the lower extremity,
the range was 25e140 min, standard deviation of 27.45 min and a
median of 70 min.

Tourniquet pain was assessed separately for upper extremity
and lower extremity surgeries. Each group was divided further into
two sub-groups based on the duration of surgery (more than
60 min and less than 60 min).

In upper extremity group, patients whose duration of surgery
was less than 60 min (n ¼ 27), 48.1% (n ¼ 13) experienced mild
tourniquet pain, 3.7% (n¼ 1) experiencedmoderate tourniquet pain
and 48.1% (n ¼ 13) experienced no pain at all. In patients whose
duration of surgery was more than 60 min (n ¼ 40), 35.0% (n ¼ 14)
experienced mild tourniquet pain, 25.0% (n ¼ 10) experienced
moderate tourniquet pain and 40.0% (n ¼ 16) experienced no pain
at all (Table 1).

In lower extremity group, patients whose duration of surgery
was less than 60 min (n ¼ 26), 7.7% experienced mild tourniquet
pain, none of them experienced moderate tourniquet pain and
92.3% experienced no pain at all. In patients whose duration of
surgery was more than 60 min (n¼ 39), 33.3% (n¼ 13) experienced
mild tourniquet pain, 2.6% (n ¼ 1) experienced moderate tourni-
quet pain and 64.1% (n ¼ 25) experienced no pain at all (Table 2).
There were no neurological or vascular complications noted in this
study.

Blood loss following tourniquet deflation was calculated and
average loss was around 60mL. Therewas no statistical significance
(p ¼ 0.026) in postoperative blood loss and timing of tourniquet
deflation.

The mean pressure in the upper extremity was 230.67 mmHg
and in the lower extremity the mean pressure was 331.38 mmHg.
Mean tourniquet inflation duration 70.14 min for the upper ex-
tremity and 70 min for the lower extremity.

Discussion

Tourniquet has become an essential part of orthopedic surgeries
involving the extremities for the sake of a bloodless surgical field.
Tourniquet pain is possibly associatedwith complications following
tourniquet use. Overall, complications following the use of tour-
niquets are less frequent if applied under supervision of



Fig. 1. Frequency of patients with tourniquet pain based on type of anaesthesia.

Table 1
Association between duration of surgery and degree of tourniquet pain in 67 pa-
tients with upper limb surgeries, n (%).

Duration of surgery Degree of pain

Mild Moderate No pain

<60 min (n ¼ 27) 13 (48.1) 1 (3.7) 13 (48.1)
>60 min (n ¼ 40) 14 (35.0) 10 (25.0) 16 (40.0)
Total 27 (40.3) 11 (16.4) 29 (43.3)

Fisher's exact test p ¼ 0.024 that is statistically significant.

Table 2
Association between duration of surgery and degree of tourniquet pain in 67 pa-
tients with lower limb surgeries, n (%).

Duration of surgery Degree of pain

Mild Moderate No pain

<60 min (n ¼ 26) 2 (7.7) 0 (0) 24 (92.3)
>60 min (n ¼ 26) 2 (7.7) 0 (0) 24 (92.3)
Total 13 (33.3) 1 (2.6) 25 (64.1)

Fisher's exact test p ¼ 0.034 that is statistically significant.
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experienced personnel with proper inflation pressures and dura-
tion of tourniquet use. Providing adequate analgesia by blocks,
regional techniques or local anesthetic drugs, opioids or analgesics
help in reducing the complications associated with tourniquet
use.3,4

Tourniquet cuff inflation has been a matter of debate over the
years. In our study the mean pressure in the upper extremity was
230.67 mmHg with the range 200-250 mmHg and in the lower
extremity the mean pressure was 331.38 mmHg with the range
260-360 mmHg. The range of pressures was similar to those in
previous studies.

Tourniquet inflation duration ranged 7-140 min for the upper
extremity with the mean being 70.14 min. For the lower extremity,
the range was 25-140 min.

Tourniquet pain is described as a poorly localized, dull, tight,
aching sensation at the site of tourniquet application. Incidence
varies from 53% to 67% in various studies.

Pain associated with tourniquet use was firstly studied in 1952
and a number of mechanisms have been explained for its cause.5e7

The exact etiology is unclear, but it is thought to be due to a cuta-
neous neural mechanism. The pain is thought to bemediated by the
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unmyelinated, slow conducting C fibers that are usually inhibited
by the A-delta fibers. The A-delta fibers are blocked by mechanical
compression after about 30 min, while the C fibers continue to
function. Tourniquet compression leads to release of prostaglandins
by the injured cells. These prostaglandins increase pain perception
by sensitizing and exciting pain receptors. Also, limb ischemia
causes central sensitization via N-methyl D-aspartate receptor
activation due to repeated nociceptive afferent input from the
affected limb.

Præstegaard et al.8 did a systematic review and meta analysis
regarding the tourniquet use in lower limb surgery and stated that
there was no statistically significant difference in the postoperative
complications and pain in tourniquet group and no tourniquet
group in lower limb fracture surgery.

In our study there was significant association between tourni-
quet inflation time and tourniquet pain in both upper and lower
limbs (p¼ 0.034 and 0.024, respectively). Also, recovery occurred
within a few minutes after deflation in most of the patients.8,9

There are other studies in the literature showing increased
incidence of pain and swelling following the use of tourniquet in
lower limb surgeries with increased postoperative opioid con-
sumption.9,10 Also the incidence and severity of pain was seen with
prolonged and increased pressure usage.11,12

In our study, for upper limb surgeries, if duration of surgery was
less than 60 min, 51.8% experienced tourniquet pain whereas if
duration of surgery was more than 60 min, 60% experienced tour-
niquet pain. In contrast to those with lower limb surgeries if
duration of surgery was less than 60 min, 7.7% experienced tour-
niquet pain and if duration of surgery was more than 60 min, 35.8%
experienced tourniquet pain. It seems to be contrasting results of
tourniquet release on postoperative blood loss and other compli-
cations. In our study, there was no statistical significance
(p ¼ 0.026) in postoperative blood loss and timing of tourniquet
deflation. Limitations of our study includes the smaller sample size
and less number of parameters studied.

The most common complication following tourniquet use noted
was tourniquet pain. Incidence and intensity of tourniquet painwas
directly proportional to the duration of tourniquet use. Thus
minimizing the duration of tourniquet use is recommended.

Another important finding observed in our study was frequency
and intensity of tourniquet pain were higher in cases in which
regional anesthesia was used. Hence tourniquet blocks and other
pain-relieving modalities are recommended wherever regional
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anesthesia is used. There were no neurological or vascular com-
plications seen.
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