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Tourniquets are indispensable equipment in orthopedics 
used to obtain a bloodless operative field in extremity 
surgery and thus a safe and clear exposure of anatomi-
cal structures with reduced technical complexity in a 
shortened operation time.[1-4] Although widely practiced, 
complications with tourniquet use occur; including skin 
irritations, chemical burns, neurological and muscular 
injury, systemic metabolic effects, thromboembolism 

and pulmonary embolism, intraoperative breakthrough 
bleeding, compartment syndrome, postoperative swell-
ing, and pain.[1,3,5-12]

Complications can generally be avoided by mini-
mizing the cuff pressure (CP) and tourniquet inflation 
time (TIT).[6] However, the literature does not define 
an absolute standard of CP level,[13] resulting in a variety 
of recommendations[1-5,14-22] and the use of experience-

Objective: The aim of this study was to investigate and interpret the trends in tourniquet use and the 
accuracy of knowledge among Turkish orthopedic physicians through face-to-face survey.
Methods: Turkish orthopedic physicians actively practicing operative orthopedics were questioned in 
a 12 question face-to-face survey. Personal information of physicians, preferred cuff pressure (CP) and 
tourniquet inflation time (TIT) and the source of the information for these preferences were ques-
tioned. Answers gathered were analyzed statistically.
Results: The survey was completed by 211 orthopedic physicians. Mean preferred CP and TIT was 
247.1 mmHg and 108.6 minutes, respectively, in the upper limb (UL) and 345.02 mmHg and 122.4 
minutes, respectively, in the lower limb (LL). A statistically significant correlation was found between 
the amount of pressure preferred in the LL and the years of practice; longer the years in practice, higher 
the amount of pressure preferred (r=0.144, p=0.04). Tourniquets were used for a maximum period of 
120 minutes for the UL by 95.7% of participants and for the LL by 84.8%.
Conclusion: The amount of CP used by the orthopedic physicians surveyed is inconsistent with the lit-
erature with frequent use of CP higher than those scientifically recommended. The outcomes of the sur-
vey should be cautionary for orthopedic physicians to review the current utilization and replace personal 
teachings and experience-based methods with evidence-based best practices for tourniquet application.
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based individual preferences.[23] This multiplicity in rec-
ommendations and the lack of definite guidelines often 
cause confusion in determining CP and TIT, and indi-
vidual preferences can lead to dangerous and unfortu-
nate consequences. 

The objectives of this study were to investigate the 
existing understanding of tourniquet use and the ac-
curacy of the knowledge leading to these trends among 
Turkish orthopedic physicians through a face-to-face 
survey and to interpret the outcomes in light of the cur-
rent literature.

Materials and methods
A face-to-face survey consisting of 12 questions (Table 
1) was carried out to Turkish orthopaedic physicians 
in Istanbul who were actively participating in operative 
orthopaedics and regularly use tourniquets in surgery. 
All surveys were carried out by either the senior author 
(MY) or by co-authors (SS, SE) under the supervision of 
the senior author. The face-to-face survey was designed 

to ensure the participants reflected on their current un-
derstanding of the issue as if it were a regular operating 
day and to obtain the highest percent of responses per 
physicians surveyed.[24]

Physicians’ personal information (academic title, 
years in practice, the setting of practice) and existing 
comprehension of tourniquet use and the source of the 
literature information for these preferences were ques-
tioned. For further evaluation, participants were divided 
into two groups with presumably different priorities to 
investigate any dissimilarity in tourniquet utilization: 
orthopedic residents (Group 1) and orthopedic sur-
geons (Group 2).

Based on the literature,[14,17,19,20,25] CPs of 200 mmHg 
for the upper limb (UL) and 250 mmHg for the lower 
limb (LL) were selected as the cut-off values as the maxi-
mum amount of pressure that can be applied. These val-
ues were used to evaluate the consistency of the physicians’ 
preferences with the recommendations in the literature.

For questions 3, 11, and 12, participants were al-

Table 1.	 Survey questions.

1-	 What is your academic title in the hospital? (orthopedic resident; orthopedic surgeon)

2-	 How long have you been actively practicing operative orthopedics? (in months)

3-	 Where do you perform surgery (more than one answer can be given)? (training and research hospital; university hospital; private hospital; 	

	 state hospital; private out-patient office)

4-	 Who applies and inflates the cuff to your patients? (myself; junior colleague; orthopedic theater personnel; nurse; anesthetist; other)

5-	 Do you prefer using an underlying skin protection material underneath the cuff? (no; elastic stockinette; cotton cast padding; other)

6-	 How do you exsanguinate the limb prior to tourniquet inflation? (do not exsanguinate; elevation only; elastic bandage; Esmarch bandage)

7-	 What type of tourniquet do you most commonly prefer? (electronic; non-electronic)

	 You are planning to use tourniquet for an orthopedic limb surgery in a patient who is normotensive, neither morbidly obese nor cachectic 	

	 and 	has no medical history of sickle cell anemia, deep vein thrombosis, peripheral vascular disease, severe infection, bypass surgery or 	

	 malignancy in the related extremity. According to this scenario;

8-	 In the upper limb, what pressure setting do you most commonly use for your patients and what do you prefer as the maximum tourni-	

	 quet inflation time? (for pressure; in mmHg, for time; in hours)

9-	 In the lower limb, what pressure setting do you most commonly use for your patients and what do you prefer as the maximum tourni-	

	 quet inflation time? (for pressure; in mmHg, for time; in hours)

10-	 What is the basis of the information supporting your cuff pressure and tourniquet inflation time preferences as previously answered in 	

	 questions 8 and 9? (there’s a literature in support of my answer and I am able to cite it; I am sure literature exists that supports my an-	

	 swer but I can’t cite it; I apply these preferences in accordance with my senior colleague’s instructions; these preferences have been 

	 determined by the chief of the department and the preferences have been routinely used in surgical practices in the same manner; per-	

	 sonal experience)

11-	 Have you experienced any intraoperative or postoperative tourniquet related complications (more than one answer can be given)? (no; 	

	 intraoperative breakthrough bleeding; skin injury [blister, contusion, abrasion, chemical burns]; nerve injury; muscle injury; other)

12-	 Which circumstances should be considered as priority in the decision of cuff pressure (more than one answer can be given)? (a standard 	

	 cuff pressure can be used for every patient; cuff pressure must be decided according to the age of the patient, circumference and other 	

	 conditions of the extremity; cuff pressure must be decided according to the blood pressure; applying a pressure of “systolic blood pres-	

	 sure + 100 mmHg” would be adequate; applying a pressure of “systolic blood pressure x 2” would be adequate; other)



lowed to select more than one answer which may result 
in a total percentage greater than 100.

Results were analyzed using SPSS v.11.5.0 software 
(SPSS Inc., Chicago, IL, USA). Statistical analyses were 
performed using the Pearson chi-square test, the t-test 

and Pearson’s correlation test. Significance level was set 
at p<0.05.

Results
The study included 211 orthopedic physicians who com-
pleted the survey. Mean years in practice was 97.6±91.6 
(range: 3 to 480; median: 62) months. There were 97 
(46%) orthopedic residents in Group 1 and 114 (54%) 
orthopedic surgeons in Group 2. Mean years in practice 
was 30.2±16.4 (range: 3 to 65; median: 27) months in 
Group 1 and 154.9±90.3 (range: 60 to 480; median: 
132) months in Group 2 (t-test; p=0.0001). Detailed 
survey results on personal information of the physicians 
and current practices are shown in Table 2 and 3.

The majority of the participants used electronic tour-
niquet utilization (96 participants [99%] in Group 1 and 
113 [99%] in Group 2) with a cotton cast padding under 
the cuff (94 participants [96.9%] in Group 1 and 113 
[99%] in Group 2) and exsanguinated the limb via an 
Esmarch bandage (83 participants [85.6%] in Group 1 
and 90 [78.9%] in Group 2) prior to tourniquet inflation.

The number of participants who applied and in-
flated the cuff himself/herself were significantly higher 
in Group 1 (59 participants [60.8%] vs 41 participants 
[36%]. Pearson’s chi-squared test; p=0.0001). This pro-
cess was requested from a junior colleague in Group 2 
in 35.1% of occasions and 5.2% in Group 1. This differ-
ence was statistically higher (Pearson’s chi-squared test; 
p=0.0001).

Table 2.	 Survey results; personal information of the physicians.

Q1	 What is your academic title in the hospital?

			   Number	 Percent

	Orthopedic resident	 Group 1	 97	 46%

	Orthopedic surgeon	 Group 2	 114	 54%

Q2	 How long have you been actively practicing operative orthopedics?

		  Mean±Standard Deviation	 Range; Median	 P value*

		  (months)	 (months)

	Group 1	 30.2±16.4	 3 to 65; 27	 0.0001

	Group 2	 154.9±90.3	 60 to 480; 132	

	Total	 97.6±91.6	 3 to 480; 62	

Q3	 Where do you perform surgery? (More than one answer can be given).

		  Number	 Percent

	Training and research hospital	 148	 70.1%

	University hospital	 45	 21.3%

	Private hospital	 23	 10.9%

	State hospital	 18	 8.5%

	Private outpatient office	 1	 0.5%

*T-test. Significant p values are indicated in bold.

Fig. 1.	 The correlation between the years in practice and preferred 
cuff pressure settings in lower limb was statistically significant 
(Pearson’s correlation test; r=0.144, p=0.04). [Color figure 
can be viewed in the online issue, which is available at www.
aott.org.tr]
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Table 3.	 Survey results; current practices.

Q4	 Who applies and inflates the cuff to your patients?
		  Group 1	 Group 2	
		  Number	 Number	 Total	 Percent
	Myself	 59	 41	 100	 47.4%

	Junior colleague	 5	 40	 45	 21.3%

	Orthopedic theater personnel	 32	 32	 64	 30.3%

	Nurse	 0	 0	 0	 0%

	Anesthetist	 1	 0	 1	 0.5%

	Other	 0	 1	 1	 0.5%

Q5	 Do you prefer using an underlying skin protection material underneath the cuff?
		  Group 1	 Group 2	
		  Number	 Number	 Total	 Percent
	No	 0	 1	 1	 0.5%

	Elastic stockinette	 2	 0	 2	 0.9%

	Cotton cast padding	 94	 113	 207	 98.1%

	Other	 1	 0	 1	 0.5%

Q6	 How do you exsanguinate the limb prior to tourniquet inflation?
		  Group 1	 Group 2	
		  Number	 Number	 Total	 Percent
	Do not exsanguinate	 0	 4	 4	 1.9%

	Elevation only	 7	 19	 26	 12.3%

	Elastic bandage	 7	 1	 8	 3.8%

	Esmarch bandage	 83	 90	 173	 82%

Q7	 What type of tourniquet do you most commonly prefer?
		  Group 1	 Group 2	
		  Number	 Number	 Total	 Percent
	Electronic	 96	 113	 209	 99.1%

	Non-electronic	 1	 1	 2	 0.9%

Q8	 In the upper limb, what pressure setting do you most commonly use for your patients and what do you prefer
	 as the maximum tourniquet inflation time?
	Cuff pressure	 Mean±Standard	 Range; Median	 P value*

		 Deviation (mmHg)	 (mmHg)

	Group 1	 250.21±32.156	 150 to 300; 250	 0.248

	Group 2	 244.44±37.946	 150 to 350; 250	

	Total	 247.14±35.386	 150 to 350; 250	

	Inflation time	 Mean±Standard	 Range; Median	 P value*

		 Deviation (hours)	 (hours)

	Group 1	 1.84±0.366	 1 to 3; 2	 0.313

	Group 2	 1.79±0.35	 0.75 to 2.5; 2	

	Total	 1.81±0.358	 0.75 to 3; 2	

Q9	 In the lower limb, what pressure setting do you most commonly use for your patients and what do you prefer
	 as the maximum tourniquet inflation time?
	Cuff pressure	 Mean±Standard	 Range; Median	 P value*

		 Deviation (mmHg)	 (mmHg)

	Group 1	 338.37±32.416	 250 to 450; 350	 0.028
	Group 2	 350.88±45.748	 250 to 500; 350	

	Total	 345.02±40.457	 250 to 500; 350	

	Inflation time	 Mean±Standard	 Range; Median	 P value*

		 Deviation (hours)	 (hours)

	Group 1	 2.02±0.314	 1.5 to 3; 2	 0.477

	Group 2	 2.05±0.335	 1.5 to 3; 2	

	Total	 2.04±0.325	 1.5 to 3; 2	
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The most commonly preferred CP setting in the 
UL and the maximum TIT in both the UL and LL was 
similar in the two groups (t-test; p=0.248, p=0.313 and 
p=0.477, respectively) whereas Group 1 preferred sig-
nificantly lower CP settings in LL compared to Group 2 
(t-test; p=0.028) (Table 3).

Correlations of years in practice versus preferred 
CP settings and maximum TIT in the UL and LL were 
further investigated. The correlation between the years 
in practice and preferred CP settings in the LL was sta-
tistically significant (Pearson’s correlation test; r=0.144, 
p=0.04). As the years in practice increased, preferred CP 
in LL increased (Fig. 1) whereas the years in practice was 
not significantly correlated with preferred CP settings in 
UL, the maximum TIT in both UL, or LL (Pearson’s 
correlation test; r=-0.015, p=0.833; r=-0.121, p=0.079 
and r=-0.031, p=0.659, respectively).

In current practice, the percent of participants in 

Group 2 who preferred CP and TIT based on studies in 
the literature they could cite were higher than in Group 
1 (17 [17.5%] vs 41 [36%]. Pearson’s chi-squared test; 
p=0.0001). Conversely, senior colleague’s instructions 
were more significant in Group 1 than Group 2 (56 
[57.7%] vs 8 [7%]. Pearson’s chi-squared test; p=0.0001). 
CP and TIT preferences according to personal experi-
ences were significantly higher in Group 2 (none [0%] vs 
32 [28.1%]. Pearson’s chi-squared test; p=0.0001).

Out of 84 (39.8%) participants who stated that they 
chose CP based on the literature, only 22 (26.2%) in the 
UL and 4 (4.8%) in the LL preferred CP lower than 200 
and 250 mmHg, respectively. Out of 164 (77.7%) partic-
ipants who stated that they prefer CP over 200 mmHg 
in the UL, 62 (37.8%) claimed that their preferences 
were based on the literature and 43 (69.4%) out of these 
62 were certain that they could cite the literature which 
supported their utilization. Likewise, in the LL, out of 

Table 3. (continued)   Survey results; current practices.

Q10	 What is the basis of the information supporting your cuff pressure and tourniquet inflation time preferences

	 as previously answered in questions 8 and 9?

		  Group 1	 Group 2	

		  Number	 Number	 Total	 Percent

There’s a literature in support; able to cite it	 17	 41	 58	 27.5%

There’s a literature in support;  not able to cite it	 5	 21	 26	 12.3%

Determined by senior colleague		  56	 8	 64	 30.3%

Determined by the chief of the department	 19	 12	 31	 14.7%

Personal experience		  0	 32	 32	 15.2%

Q11	 Have you experienced any intraoperative or postoperative tourniquet related complications?

	 (More than one answer can be given).

		  Group 1	 Group 2	

		  Number	 Number	 Total	 Percent

	No	 31	 19	 50	 23.7%

	Intraoperative breakthrough bleeding	 40	 49	 89	 42.2%

	Skin injury	 19	 31	 50	 23.7%

	Nerve injury	 11	 49	 60	 28.4%

	Muscle injury	 0	 1	 1	 0.5%

	Other	 8	 4	 12	 5.7%

Q12	 Which circumstances should be considered as priority in the decision of cuff pressure?

	 (More than one answer can be given).

		  Group 1	 Group 2	

		  Number	 Number	 Total	 Percent

A standard cuff pressure for every patient	 4	 8	 12	 5.7%

	According to the age of the patient, circumference and other conditions of the extremity	 38	 51	 89	 42.2%

According to the blood pressure		  51	 53	 104	 49.3%

	A pressure of “systolic blood pressure + 100 mmHg” would be adequate	 21	 27	 48	 22.7%

A pressure of “systolic blood pressure x 2” would be adequate	 3	 4	 7	 3.3%

Other		  0	 0	 0	 0%

*T-test. Significant p values are indicated in bold.
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202 (95.7%) participants who stated that they prefer CP 
over 250 mmHg, 81 (40.1%) claimed that their prefer-
ences were based on the studies in the literature, and 56 
out of the 81 (69.1%) were certain that they could cite 
the literature which supported their utilization.

Two hundred and two (95.7%) participants in the 
UL and 179 (84.8%) in the LL reported 2 hours as the 
maximum TIT, respectively.

Participants who did not experience any intraopera-
tive or postoperative tourniquet related complications 
was higher in Group 1 (31 [32%] vs 19 [16.7%] whereas 
complications of skin and nerve injuries were more fre-
quently reported in Group 2 compared to Group 1 (skin 
injury: 19 participants [19.6%] in Group 1, 31 partici-
pants [27.2%] in Group 2; nerve injury: 11 participants 
[11.3%] in Group 1, 49 participants [43%] in Group 2).

The vast majority of participants in both groups 
reported that the age of the patients, circumference 
and other conditions of the extremity (38 participants 
[39.2%] in Group 1, 51 participants [44.7%] in Group 
2) or the blood pressure (51 participants [52.6%] in 
Group 1, 53 participants [46.5%] in Group 2) should be 
considered as a priority in the decision of CP.

Discussion 
While some studies have reported that the use of tour-
niquets is not mandatory in specific areas of orthope-
dic surgery,[7,10,26-29] they continue to be used frequently 
used by orthopedic surgeons due to their benefits in 
maintaining a bloodless surgical field.[1-4,30] Complica-
tions[5,18,31] due to utilization are preventable if properly 
used according to widely accepted recommendations.
[30] As a part of safe tourniquet use, an electronic pneu-
matic tourniquet utilization,[2,31] wider,[1,2,4,5,10,12,15,18,31,32] 
contoured,[1,2,18,31] and curved[12,15] cuffs, or if obtain-
able, cuffs having individualized width, length and 
shape[3,5,15,18] with an underlying skin protection mate-
rial underneath such as soft padding[3-5,18,33] or elastic 
stockinette[2,18,34] have been frequently recommended 
by numerous studies. Exsanguination with elastic[18] or 
Esmarch bandages[2,18] followed by rapid cuff inflation[18] 
and maintaining the inflated cuff by a maximum time 
of 2 hours[1-5,34,35] with 10-minute reperfusion inter-
vals[3,12,31,35] after every 2 hours of cuff inflation are other 
most commonly used methods among the vast majority 
of studies on safe tourniquet use. In the present study, 
the participants’ responses regarding these issues were 
coherent with the literature.

The ideal maximal safe tourniquet CP remains con-
troversial. Using standard cuff inflation pressures,[1,5] 

which are usually higher than necessary,[1,14,19,23, 36] is one 
of the conventional tendencies of orthopedic surgeons. 
Other recommendations such as CP of twice the sys-
tolic blood pressure,[15,22] calculating CP according to an 
equation,[17,22,25] adding a safety margin to systolic blood 
pressure[1,5,15,20,37] or adding a safety margin to limb oc-
clusion pressure (LOP) (also known as arterial occlu-
sion pressure or Doppler occlusion pressure) have been 
more recently suggested.[1,2,12,14-16,18,31]

Considering such conflict, the use of patient age, 
limb circumference and other conditions of the extrem-
ity as factors in the selection of CP, as 42.2% of the par-
ticipants in the recent study did, seems reasonable. Em-
ploying a CP according to blood pressure or by adding 
a safety margin to systolic blood pressure (as practiced 
by 49.3% and 22.7% of the participants in the recent 
study, respectively) are no longer considered contempo-
rary methods due to the validity of LOP. Limb occlusion 
pressure, determined by Doppler ultrasound, pulse ox-
imeters or photoplethysmographs, is the minimum pres-
sure applied to occlude the arterial blood flow into the 
limb distal to the cuff.[2,12,31] Minimizing the CP value is 
possible when the tourniquet pressure is set on the basis 
of LOP,[2,12] thus reducing tourniquet-related complica-
tions.[31] It was a striking outcome of the current study 
that none of the participants reported using LOP for the 
determination of CP. Despite recommendations based 
on logical reasons in the literature, the utilization of 
LOP seems to be underrated by other societies’ orthope-
dic surgeons, similar to our participants.[6,23,36,38]

Overpressurization is one of the common problems 
encountered in similar surveys.[6,23,36] Maximum pres-
sure of 200 to 250 mmHg and 250 to 300 mmHg of 
CP for the UL and LL, respectively, have been frequently 
recommended.[1,14,17,19,20,25] In the current study, the par-
ticipants’ preferences were well above these recommen-
dations, particularly in the LL. Ignoring LOP might 
have led the participants to prefer a CP higher than nec-
essary. Meanwhile, the statistically significant positive 
correlation between the years in practice and preferred 
CP settings in the LL can be considered as a divergence 
from scientific facts or explained by the presence of more 
recently trained junior orthopedic physicians who fully 
understood the seriousness of the subject. This query 
will continue to be a matter of debate.

The lack of assimilation and knowing or misinterpre-
tation of the literature about the utilization of tourni-
quet might have been another reason for the overpres-
surization preferred by the participants of this study. 
The results in the evaluation of the consistency of the 
participants’ preferences with the frequent recommenda-
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tions in the literature clearly revealed the lack of knowl-
edge and misinterpretation of the literature. Only a small 
percentage of participants who reported that they select 
CP based on the literature in fact used pressures within 
the safe margins. A remarkable number of participants 
using higher pressures were certain that they could cite 
the literature which supported their utilization.

Suboptimal knowledge and lack of consensus on safe 
tourniquet use is nothing surprising and has been estab-
lished in previous surveys applied in other orthopedic so-
cieties.[6,19,23,30,36,38] Thus, in the presence of a recent study 
reporting that most surgeons learn how to use pneumatic 
tourniquets by instruction from their senior colleagues 
due to the absence of formal teaching in the curriculum 
on the utilization of tourniquets,[38] the level of knowl-
edge becomes much more important, especially for the 
45% of participants in our study who apply CP and time 
preferences in accordance with the senior colleague’s or 
the chief of the department’s instructions. Inheritance of 
inaccurate instructions may cause unfortunate outcomes 
for junior orthopedic residents in the future. Allowing 
orthopedic theater personnel to apply and to inflate the 
cuff to the patients as 30.3% of the participants in the 
current study did is inadmissible and should be alarm-
ing. The lack of understanding regarding exsanguinator 
and tourniquet use is also prevalent amongst operating 
theater personnel, as was revealed in a recent study.[30]

Certainly, while the value of personal experiences ac-
quired over the years cannot be ignored, they must be re-
newable and the preferences based on these experiences 
must be consistent with scientific facts. This study was 
designed to investigate the trends in tourniquet use and 
to evaluate the consistency with the literature among 
Turkish orthopedic physicians as well as to point out the 
misconceptions in utilization of tourniquets. Therefore, 
the results of the study cannot be used as a recommend-
ed guideline. However, the outcomes of this survey must 
warn the orthopedic society that the current utilization, 
especially optimum tourniquet pressure value, should be 
reviewed. We believe that the Turkish Society of Ortho-
pedics and Traumatology must take action to raise the 
awareness and to improve the knowledge of safe tour-
niquet use by reorganizing the formal orthopedic cur-
riculum. Sharp guidelines to minimize the cuff pressure 
and tourniquet time are essential to prevent tourniquet-
related complications for patient safety. Consequently, 
what we think we know may not be correct at all. Thus, 
evidence-based practices must take the place of personal 
teachings and experience-based practices in the course 
of tourniquet application.

Conflics of Interest: No conflicts declared.
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