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ourniquets provide a bloodless field in limb operations and their introduction in orthopaedic operative

technique has been considered as a landmark. A new tourniquet device, a silicone ring tourniquet (SRT)

(HemaClear or S-MART, OHK Medical Devices, Haifa, Israel), was introduced into clinical practice a few

years ago. A few clinical studies as well as comparative studies in volunteers have reported its use in a rela-

tively small number of cases.

The aim of this prospective study is to report the clinical use of this device in a large number of patients,

including all possible applications of a tourniquet. The SRT was used in 536 cases including 337 male and 119

female patients with a mean age of 43.7 years (range 6 to 87 years). The average tourniquet time was 58.5

The Silicone Ring Tourniquet 
in Orthopaedic Operations 

of the Extremities

- 1 -

#454 Ververidis FINAL

Orthopaedic Surgery
SURGICAL TECHNOLOGY INTERNATIONAL XXIII

ABSTRACT

GEORGIOS I. DROSOS, MD, PHD
ASSISTANT PROFESSOR OF ORTHOPAEDICS
DEPARTMENT OF ORTHOPAEDIC SURGERY

MEDICAL SCHOOL, DEMOCRITUS UNIVERSITY OF THRACE
UNIVERSITY GENERAL HOSPITAL OF ALEXANDROUPOLIS

ALEXANDROUPOLIS, GREECE

ATHANASIOS VERVERIDIS, MD, PHD
ASSISTANT PROFESSOR OF ORTHOPAEDICS
DEPARTMENT OF ORTHOPAEDIC SURGERY

MEDICAL SCHOOL, DEMOCRITUS UNIVERSITY OF THRACE
UNIVERSITY GENERAL HOSPITAL OF ALEXANDROUPOLIS

ALEXANDROUPOLIS, GREECE

RODION MAVROPOULOS, MD
TRAINEE IN ORTHOPAEDICS

DEPARTMENT OF ORTHOPAEDIC SURGERY
MEDICAL SCHOOL, DEMOCRITUS UNIVERSITY OF THRACE
UNIVERSITY GENERAL HOSPITAL OF ALEXANDROUPOLIS

ALEXANDROUPOLIS, GREECE

GEORGIOS VASTARDIS, MD
ORTHOPAEDIC SURGEON

RESEARCH AND CLINICAL FELLOWSHIP ON SPINE
LOYOLA UNIVERSITY STRITCH SCHOOL OF MEDICINE

LOYOLA UNIVERSITY MEDICAL CENTER
MAYWOOD, ILLINOIS

MUSCULOSKELETAL BIOMECHANICS LABORATORY
DEPARTMENT OF VETERANS AFFAIRS

EDWARD HINES JR. VETERANS AFFAIRS HOSPITAL
HINES, ILLINOIS. 

KONSTANTINOS I. TSIOROS, MD
ORTHOPAEDIC SURGEON
ATHENS NAVAL HOSPITAL

ATHENS, GREECE

KONSTANTINOS KAZAKOS, MD, PHD
ASSOCIATE PROFESSOR OF ORTHOPAEDICS
DEPARTMENT OF ORTHOPAEDIC SURGERY

MEDICAL SCHOOL, DEMOCRITUS UNIVERSITY OF THRACE
UNIVERSITY GENERAL HOSPITAL OF ALEXANDROUPOLIS

ALEXANDROUPOLIS, GREECE



- 2 -

A tourniquet is a constricting or
compressing device used to control
venous and arterial circulation to an
extremity for a period of time. This
device provides a bloodless field in
limb operations and its introduction in
orthopaedic operative technique has
been considered a landmark.1 The

bloodless field provided by a tourni-
quet: (a) enables easier surgical inter-
ventions on the extremities, (b) in
delicate operations of the hand is
essential for accurate dissection and to
avoid damaging small vital structures,
and (c) theoretically, provides a better
cement-bone interface in a cemented
arthroplasty.2–4

Pneumatic tourniquet (PT) is the
most commonly used tourniquet since

its introduction by Harvey Cushing in
19041; its use has become almost rou-
tine as it  is  considered the safest
device.5 The Esmarch tourniquet is
considered less safe than a pneumatic
tourniquet, but is still in use by some
surgeons mainly in podiatric surgery.6,7

Nevertheless, pneumatic tourniquet
use is associated with potential risks of
complications as well as clinically rele-
vant sequels,5 and although serious
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INTRODUCTION 

Figure 1. Above knee application of a silicone ring tourniquet.

minutes (range 6 to 180 minutes). It was applied in 362 (67.5%) elective and in 174 (32.5%) trauma cases

including fractures (n:109, 62.6%) and soft-tissue injuries (n:65, 37.4%). The most frequent application site

was the femur (n:255, 47.6%), followed by the forearm (n:154, 28.7%), humerus (n:65, 12.1%), and calf (n:62,

11.6%).

Because the device is sterile it was possible to use it in operations in which the pneumatic tourniquet cannot

be used, such as open reduction and internal fixation of humeral shaft and femoral supracondylar fractures.

In 14 patients (2.6%), the tourniquet failed intraoperatively, and the cause was an unexpected raised blood

pressure. The SRT - with a pre-set pressure according to the size and the tension model - is easy to apply. It is

sterile, and occupies a narrow area of the limb. Its application combines three functions at the same time:

exsanguination, tourniquet, and stockinet application. Although it cannot entirely replace the classic

pneumatic tourniquet, it is a safe and useful device in orthopaedic operations because of its advantages.

Figure 2. Above knee application of a silicone ring tourniquet in elective cases.
(1) Total knee replacement, (2) knee arthroscopy, (3) ACL reconstruction with
hamstrings graft, (4) ACL reconstruction with patellar tendon graft.
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complications of the use of a tourni-
quet are rare, there is a definite mor-
bidity.8 Because of the known risks,
much effor t has been directed at
assessing the safe time and pressure for
their use.9

Apart from the well-known con-
traindications and measures to avoid,
regular checks and tests are required
even for modern pneumatic tourniquet
device complications.5 One important
issue is whether the selected tourni-
quet pressure actually is applied by the
device at the tourniquet application
site during the whole procedure.

A new tourniquet device (HemaClear
or S-MART, OHK Medical Devices,
Haifa, Israel) was introduced into clini-
cal practice a few years ago.10–14 This
device consists of a si l icone r ing
wrapped within an elastic sleeve
(stockinet) and two straps attached to
pull handles, and is designed for exsan-
guination and occlusion of the blood
flow to the limb. The entire device is
sterile and comes in different sizes and
different tension models, and the pres-
sure that is applied to the limb is pre-
set. There are four different sizes: (a) a
small size for pediatric use; (b) a medi-
um size for the upper limb (circumfer-
ence of the limb at the occlusion site
24–40 cm); (c) a large size for the leg
(circumference of the limb at the
occlusion site 30–55 cm); and (d) an
extra-large size for the leg (circumfer-
ence of the limb at the occlusion site
50–90 cm and systolic blood pressure
<160 mmHg). There are also three
tension models (systolic blood pressure
<130 mmHg, <160 mmHg, <190
mmHg) for the medium and large
sizes, and the appropriate model is
selected for each patient according to

the systolic blood pressure measured in
the operating room before the place-
ment of the device.14 The device is
removed by cutting the ring, which
cannot be re-attached.

This device has been compared with
the pneumatic tourniquet in healthy
volunteers,15–17 and in two clinical
studies of patients who underwent
upper-extremity operations.11,14

A relatively small number of cases
have been included in both the clinical
as well as the volunteers’ studies. Nev-
ertheless, no complications have been
reported in any of these studies, but a
failure of the device was reported in
some cases in one study.11 Further-
more, apart from the study in chil-
dren, the other clinical studies are
referred to the upper limb applica-
tions.

The aim of this prospective study is
to report the clinical use of this device
in a large number of patients, including
all possible applications of a tourniquet.

PATIENTS AND METHODS

The SRT was used routinely in all
upper and lower limb operations
including elective and trauma cases in
the department of orthopaedic surgery
in two hospitals: the Athens Naval Hos-
pital and the University General Hospi-
tal of Alexandroupolis. Our
contraindications were the same as for
every tourniquet device and included
patients with (a) peripheral vascular dis-
ease or having an underlying prosthetic
vascular graft, (b) sickle cell disease, (c)
open fractures, and (d) intramedullary
nailing.

The appropriated SRT model was
used, according to the systolic blood
pressure measured in the operating
room directly before the placement of
the device. Any failure of the tourniquet
intraoperatively was recorded. 

Patients’ demographics, diagnosis
and type of operation, site of tourniquet
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Figure 3. Open reduction and internal fixation of a patellar fracture using a
femoral silicone ring tourniquet.

Figure 4. Forearm application of a silicone ring tourniquet. (1) Fixation of a dis-
tal radial fracture, (2) scaphoid fracture fixation, (3) carpal tunnel release. 

Figure 5. Humeral application of a silicone ring tourniquet.

PATIENTS AND METHODS
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application, and tourniquet time were
recorded. All patients were routinely
monitored postoperatively and were
reviewed the first postoperative day and
every day while staying in the hospital
and subsequently at two weeks postop-
eratively. Complications that may be
related to the tourniquet were record-

ed, and these included: (a) skin injuries
underneath the tourniquet, (b) post-
tourniquet syndrome, (c) nerve paraly-
sis that was followed by either complete
recovery (neurapraxia) or permanent
nerve damage (paralysis), and (d) any
other immediate intraoperative or post-
operative complication that may be

related to the tourniquet use. 
Surgeons were asked to make com-

ments regarding the ease of the applica-
tion of the device and the quality of the
exsanguination, particularly in hand
operations. 

RESULTS

The SRT was used in 536 cases
including 337 male and 119 female
patients with a mean age of 43.7 years
(range 6 to 87 years). The average
tourniquet time was 58.5 minutes
(range 6 to 180 minutes) (Table I).

The SRT was applied in 362 (67.5%)
elective operations and in 174 (32.5%)
trauma cases including fractures (n:109,
62.6%) and soft-tissue injuries (n:65,
37.4%). The most frequent application
site was the femur (n:255, 47.6%)
(Figs. 1–3), followed by the forearm
(n:154, 28.7%) (Fig. 4), humerus
(n:65, 12.1%) (Figs. 5 & 6), and calf
(n:62, 11.6%) (Fig. 7).

In the forearm applications in partic-
ular, a general anaesthesia was applied
in 50 patients (32.5%), a local anaesthe-
sia in 43 patients (27.9%), and a Bier’s
block in 61 patients (39.6%).

In cases with Bier’s block (either
humeral or forearm) (Figs. 8 & 9), if the

#454 Ververidis FINAL

The Silicone Ring Tourniquet in Orthopaedic Operations of the Extremities
DROSOS/VERVERIDIS/MAVROPOULOS/VASTARDIS/TSIOROS/KAZAKOS

Figure 6. Humeral application of a silicone ring tourniquet. (1) Internal fixation
of a humeral shaft fracture, (2) radial head replacement, (3) removal of ulnar
plate, (4) internal fixation of a radial fracture.

Figure 7. Open reduction and internal fixation of a lateral malleolar fracture
using a calf silicone ring tourniquet.

Table I 
Results of the Data Collection

RESULTS
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patient experiences discomfort at the
occlusion site, the silicone ring can be
rolled distally a few centimeters (over
the anaesthetized area) and the proce-
dure can be extended.

Because the device is sterile it was
possible to use it in operations where the
pneumatic tourniquet cannot be used
such as open reduction and internal fixa-
tion of humeral shaft and femoral supra-
condylar fractures (Fig. 6).

In 14 patients (2.6%) the tourniquet
failed intraoperatively, and the cause was
an unexpected raised blood pressure. 

Surgeons described the following
advantages of the devices: (a) the device
is applied easily by the surgeon and one
assistant; (b) three steps are done
together, exsanguination, tourniquet,
and stockinet application; (c) the exsan-
guination was excellent in all cases
(Fig. 10); (d) the device is sterile and
can be applied after skin preparation
and draping and also can be used in cer-
tain applications where the pneumatic
tourniquet cannot be used; and (e)
there is no need for regular check and
maintenance.

On the other hand, they noticed two
disadvantages: (a) there is a limitation
concerning the limb circumference of
the limb at occlusion site, and (b) the
applied pressure is pre-set and cannot
change unless the tourniquet is cut and
another model re-applied.

DISCUSSION

The traditional teaching and belief
among orthopaedic surgeons is that a
wide pneumatic cuff is safer compared
with a narrow cuff (and much safer
compared with a narrow elastic ring) as
far as the soft tissue damage and nerve
injury in particular are concerned. Our
initial concern was what would happen
if we kept a narrow elastic ring around
the limb for 1 or 2 hours. Eventually,
the results of this study showed that the
SRT is safe and practical and is in agree-
ment with previous clinical studies con-
cerning this device.10–14

It seems to be the first report of its
clinical use in all possible applications in
a significantly large number of cases
compared with the previous
reports.10–14

We found no complications related
to its use, while surgeons noticed sever-
al advantages. Actually, SRT can replace
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Figure 8. Bier's block using a humeral silicone ring tourniquet.

Figure 9. (1-4) Bier's block using a forearm silicone ring tourniquet and (5) removal of a ganglion cyst. 

DISCUSSION



- 6 -

the pneumatic tourniquet in most —
but not all — orthopaedic operations
where a bloodless field is required. A
pneumatic tourniquet is still required
in our theaters because there is a limi-
tation concerning the upper limb cir-
cumference at the occlusion site when
the HemaClear tourniquet is used. 

Pneumatic Tourniquets
Pneumatic tourniquets are essential

devices in or thopaedic theaters.
Although prospective randomized clini-
cal trials have shown no significant
long-term deleterious effects of using
pneumatic tourniquets in extremity
surgery,18,19 their use is still associated
with potentially serious morbidity20–22
and even mortality.23

Modern pneumatic tourniquets are
designed to minimize the incidence of
complications,5 but complications do
still occur, and a recent study showed
that the incidence of tourniquet com-
plications is still at least as high as that
estimated in the 1970s.24

Pneumatic tourniquets should be
kept in good condition by routinely
checking all valves and gauges by per-
forming (a) daily calibration checks, (b)
intraoperative monitoring of tourni-
quet function at frequently intervals,
and (c) rigorous monthly performance-

assurance tests.25
The tourniquet should be tested by

inflation and then completely deflated
before application, and before its appli-
cation the limb should be padded with
a soft dressing to prevent the wrinkles
and blisters that may occur when the
skin is pinched.5

Application should be performed
only by experienced personnel who are
knowledgeable about its use and poten-
tial complications.5

When exsanguination of the limb is
needed, this is applied by (a) tightly
wrapping an Esmarch bandage (soft
rubber compression bandage or a cot-
ton elastic bandage) around the limb
starting from its distal end, after which
a pneumatic cuff is inflated around the
proximal limb,3,5,26,27 or (b) elevating
the limb for 3 to 5 minutes,5 for 2 min-
utes,3 or for 30 seconds.9

SRT 

With SRT there is no need for main-
tenance; exsanguination and tourniquet
application are done together.

The device is also sterile. It can be
used in certain applications where the
pneumatic tourniquet cannot be used

— such as in cer tain humeral and
femoral fractures — and in every case a
device so close to the surgical site is
not contaminated. A significant conta-
mination with bacter ia commonly
implicated in surgical site infections has
been found in most tourniquets and
exsanguinators presently used in the
orthopedic theaters.28–30 The use of
sterile single-use disposable tourni-
quets where possible has been recom-
mended.30 The same authors believe
that the availability of an alternative
should now set the new standard of
care, and they also recommend adopt-
ing this as a current guideline for con-
trol of surgical site infection.30

In 43 cases, the SRT was used in
hand operations under local anaesthesia
and no additional medication was used.
In all but one previously reported
study, the SRT is at least as comfortable
if not more comfortable than the pneu-
matic tourniquet in hand operations
under local anaesthesia.10,14–17

The experience gained with previ-
ous studies14,15 and this study as well,
has shown that the application of SRT
produces an immediate discomfort or
pain at the site of the tourniquet appli-
cation. This gradually subsides to a
tolerable level within a few minutes.
We believe that it is important to
inform the patients about this initial
feeling. 

Finally, the SRT is disposable, so
there is a direct cost. On the other
hand, there is an indirect cost for pneu-
matic tourniquets as they require regu-
lar maintenance, repairs, and
replacements, as well as routine check-
ing and daily calibration. 

CONCLUSION

This new tourniquet device — a sil-
icone ring tourniquet with a pre-set
pressure according to the size and the
tension model — is easy to apply, is
sterile, and occupies a narrow area of
the limb. Its application combines three
functions at the same time: exsanguina-
tion, tourniquet, and stockinet applica-
tion. Although it cannot entirely
replace the classic pneumatic tourni-
quet, it is a safe and useful device in
orthopaedic operations because of its
advantages. The device is available in
the United States and in many Euro-
pean countries.
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Figure 10. Carpal tunnel release. Excellent exsanguination of the hand using a forearm silicone ring tourniquet.

STI

CONCLUSION

SRT
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