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Abstract 

Background  In minor hand surgery, tourniquet is typically inflated to 250 mmHg. The pressure may be too high 
and cause unnecessary adverse effects. Limb occlusion pressure plus safety margin or recommended tourniquet 
pressure (RTP), has been reported as optimal pressure to provide bloodless field in limb surgeries. This study aimed 
to compare the RTP with the standard tourniquet pressure of 250 mmHg in minor hand surgery.

Methods  A double-blinded randomized control trial was conducted from July to December 2019 and June 2020 
to May 2021. Patients were randomly assigned into two groups: RTP and 250 mmHg with 3:1 ratio allocation. The out-
comes were measurement of cuff pressure reduction, time to develop of tourniquet pain and discomfort, pain score, 
discomfort score, motionless and bloodless of operative field determined by the surgeon’s satisfaction.

Results  A total of 112 patients were included, 84 were in RTP and 28 were in 250 mmHg group. Mean of tourniquet 
pressure was significantly lower in the RTP group (228.3 ± 17.2 mmHg) (P < 0.001). Even though, time to develop pain 
was not significantly different, the RTP group reported significantly less pain and discomfort, according to the pain 
score (P = 0.02) and discomfort score (P = 0.017). The RTP group provided better motionless field, while both groups 
equally created a bloodless field.

Conclusion  The RTP significantly reduced tourniquet related pain and discomfort during minor hand surgeries. It 
provided better motionless operative field and adequate bloodless field. Therefore, the RTP should be considered 
as optimal tourniquet pressure for minor hand surgeries.

Trial registration  TCTR20210519001 (retrospectively registered).

Level of evidence  I.
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Introduction
For limb surgeries, tourniquets are used to create a 
bloodless surgical field. Although the standard tour-
niquet pressure is commonly used, it may apply an 
amount of pressure that is higher than necessary and 
may cause some adverse effects [1]. The most common 
adverse effect is tourniquet pain and discomfort, which is 
reported in up to 60% of patients after surgery [2].
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Tourniquet pain is a common complaint for patients in 
minor hand surgery, many anesthesia techniques, tour-
niquet position and even if necessity of tourniquet used 
have been proposed for alleviate this problem.

The Wide-awake Local Anesthesia No Tourniquet 
(WALANT) technique has become increasingly popu-
lar in hand surgery. The benefit of this technique is the 
ability to assess the active movement during the opera-
tion such as flexor tendon repair or fracture fixation [3]. 
Although, the WALANT has effective local anesthe-
sia technique in hand surgery, however, the approach is 
difficult for surgeon who has inexperienced including 
method of injection.

Another useful tourniquet technique is intravenous 
regional anesthesia or Bier block regional technique 
which could be performed for most upper extremity sur-
gery, there switching of the tourniquet from the distal 
cuff to the proximal cuff that eliminates tourniquet pain 
after 20 min. The advantage of this technique is the pro-
cedure time can proceed for up to 90 min, thus there is 
more suitable for major operation. However, there is a 
challenging technique and require waiting time for pain 
subside compared with the minor surgery and some 
complication was reported of anesthetic toxicity after 
tourniquet released [4].

Limb occlusion pressure (LOP) is the minimum pres-
sure that can stop blood flow between the proximal and 
distal parts of the limb, which varies for each person. The 
LOP plus a safety margin, adding to prevent blood pres-
sure fluctuation, can be used as the optimal tourniquet 
pressure or recommended tourniquet pressure (RTP) [1, 
5, 6].

Currently, a Doppler stethoscope is the gold standard 
to obtain the LOP [1, 7]. LOP is basically determined by 
manually increasing the tourniquet pressure until the 
distal arterial pulse disappears. However, this method 
is time-consuming and requires operator skill [5, 8]. To 
overcome these challenges, automatic LOP measurement 
calculation has been developed. This method measures 
LOP by automatically adjusting cuff pressure while moni-
toring distal arterial pulse using a sensor clipped to the 
finger. The measurement takes approximately 30 s and is 
user friendly [1, 5].

From previous studies, RTP can sufficiently main-
tain the quality of bloodless field during operations with 
lower pressure than standard tourniquet pressure [1, 5, 
6]. However, most of them focus on lower extremity sur-
geries. We hypothesized that the RTP can be applied to 
minor hand surgeries to provided bloodless surgical field. 
With limited data on upper extremity, the primary aim of 
this study was to compare RTP with standard tourniquet 
pressure in minor hand surgery, in terms of tourniquet 
pain/ discomfort. Our secondary aims were to evaluate 

pressure reduction, surgeon satisfaction, quality of 
bloodless surgical field and complications associated with 
tourniquet pressure.

Methods
A double-blinded randomized control trial was con-
ducted at Ramathibodi Hospital from July  to December 
2019  and June 2020 to May 2021. Patients older than 
20  years of age, with an RTP less than 250  mmHg, and 
who were diagnosed with de Quervain’s disease, trigger 
finger, carpal tunnel syndrome or carpal ganglion cyst 
(dorsal) were included. Patients with bleeding diathesis 
and contraindications for tourniquets (peripheral vascu-
lar disease, deep vein thrombosis, severe trauma, infec-
tion and peripheral neuropathy) [9] were excluded. All 
participants gave their informed consent before being 
included in the study.

The demographic parameters of the patients, including 
sex, age, body weight, height, arm circumference (mid-
point between shoulder and elbow joint), systolic blood 
pressure, LOP and RTP, were collected. Underlying dis-
eases such as hypertension, diabetes and dyslipidemia 
were also recorded. The type of minor hand operation 
was also classified.

Sample size determination was based on mean differ-
ences of visual analog scale (VAS) compared between 
LOP and standard tourniquet. Adding 20 percent of loss 
to follow up resulting in 116 patients to be included [10]. 
The patients were randomly divided 3:1 into the RTP 
group: the control group (standard 250  mmHg). More 
participants in the RTP group were required for out-
comes, safety and detect adverse events [11] and also 
provide same statistical power for the smaller cost and 
wound be successfully implemented in practice. While 
using of the standard treatment was already well-docu-
mented. A randomization was conducted by STATA into 
blocks of four and the assignments were concealed in 
sealed envelopes. The ethics committee of our institute 
approved the study.

The LOP was measured for all the patients using 
automatic LOP measurement equipment (Zimmer 
A.T.S. 4000, Zimmer Surgical, Inc., Ohio, USA) (Fig. 1). 
The RTP was defined as LOP plus a safety margin of 
50  mmHg for LOP measurements that ranged from 90 
to 130  mmHg, 75  mmHg for LOP measurements that 
ranged from 131 to 190 mmHg and 100 mmHg for LOP 
over 190  mmHg. LOP plus safety margin more than 
250 mm Hg was excluded because it was higher than that 
of the control group and not generally used in upper limb 
[6, 12]. This RTP was automatically calculated and dis-
played by the equipment.

Tourniquet application guidelines were made to con-
trol the confounding factors that produced incapable 
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results. The size of the tourniquet was determined by 
width of the cuff is more than half of arm diameter. Skin 
under the cuff was protected by 2 layers of 4-inch webril 
bandage. The cuff was applied on the upper arm which 
is widest part of the limb to allow as much tissue as pos-
sible to lie between the cuff and any nerves or vascular 
structures susceptible to damage. LOP pulse sensor was 
attached to the patient’s finger on the limb that the tour-
niquet has been applied. The corresponding LOP button 
on the equipment was started for LOP determination. 
The equipment calculated and displayed the LOP and 
RTP on the monitor screen approximately within 30  s 
then pulse sensor was detached from the patient’s finger.

After the operative field was prepared with a sterile 
technique, 1% lidocaine without adrenaline was infil-
trated over the incision site before tourniquet inflation, 
2 ml for trigger finger and de Quervain’s release and 5 ml 
for carpal tunnel release and dorsal carpal ganglion exci-
sion. Limb was elevated and 3-inch elastic bandage was 
exsanguinated from fingers to proximal forearm. Tour-
niquet pressure was applied to the patient by assigned 
staff who opened the envelope. RTP was applied to the 
patients in the RTP group, and 250  mmHg was applied 
to the patients in the control group. The surgeons, well-
trained Orthopaedic resident, was not informed about 
the amount of pressure applied to the patient.

During the perioperative period, the total tourniquet 
time was noted. The patient was instructed to inform 
staff when pain or discomfort (tightness or tense) 
occurred at the tourniquet site. Time of pain or discom-
fort began (time to developed pain) were documented. 
Pain and discomfort were assessed using VAS separately 
(0–100; 0 = no pain/discomfort, 100 = worst possible 
pain/discomfort).

Tourniquet was deflated after wound closure and band-
age. The surgeon was asked to complete a questionnaire 
to evaluate the quality and their satisfaction with the 
surgical field during the operation. The quality of the 

bloodless and motionless fields was scored as 1 = poor, 
2 = fair, 3 = satisfied, and 4 = very satisfied. A poor field 
was defined as blood or motion occurring and making 
the operation impossible; a fair field was defined as blood 
or motion occurring but not significantly disturbing 
the operation; a satisfactory field was defined as blood 
or motion occurring with no disturbance to the opera-
tion; and a very satisfactory field had no blood or motion 
occurring. All adverse effects at the tourniquet site after 
the operation such as coldness, numbness and skin red-
ness were also noted in the questionnaire. One week after 
the operation, pain, discomfort and adverse events were 
also monitored.

Statistical analysis
All statistical analyses were analyses based on intention 
to treat analysis using STATA version 16.1 (Stata Corp. 
Texas, USA). Baseline characteristics and outcomes of 
interest were described based on the mean, median, 
standard deviation (SD) and percentage. Continuous 
variables between the two groups were compared, and 
the differences were analyzed with either unpaired t-test 
or Fisher’s exact test. For non-normally distributed vari-
ables, Mann–Whitney U test was used. P value < 0.05 was 
considered significant.

Results
One hundred and twelve patients were included in this 
study: 84 patients in the RTP group and 28 patients in 
the control group (Fig.  2), two patients in each group 
had 2 operations in the same time. Considering the base-
line characteristics, there were no significant differences 
between the two groups (Table 1).

For the outcomes of interest shown in Table  2, aver-
age tourniquet pressure applied to patients in the RTP 
group was 228.3 ± 17.2  mmHg compared to standard 

Fig. 1  Automatic LOP measurement equipment (ZIMMER A.T.S. 4000)
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250 mmHg in the control group. The difference between 
these two pressures was significant (P < 0.001).

The time to develop pain and discomfort was 8 min in 
the RTP group and 10  min in the standard 250  mmHg 
group. Although pain and discomfort occurred slightly 
quicker in the RTP group, the difference was not signifi-
cant. Patients developed pain only 43% in the RTP group, 
while 61% of controls reported pain (Table 2).

The RTP group reported significantly less pain and dis-
comfort than the standard 250 mmHg group. The mean 
levels of pain and discomfort (VAS score) in the RTP 
group were 17.08 and 17.29, respectively, while those in 

the standard 250  mmHg group were 32.50 and 33.57, 
respectively (P = 0.02 and 0.017, respectively) (Table 2).

Based on the surgeon’s satisfaction evaluation, the 
motionless field score in the RTP group was higher than 
that in the standard 250  mmHg group (3.95 and 3.81, 
respectively) with equal of the median between the 
two groups which was marginal significant difference 
(P = 0.049). However, there was no significant difference 
in the bloodless field between the two groups (P = 0.92). 
This study showed no conversion of the patients that had 
to move from RTP to the standard 250 mmHg group due 
to bleeding problem during surgery.

Fig. 2  CONSORT flow diagram showed the randomization process. RTP recommended tourniquet pressure
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Adverse effects at the tourniquet site were reported 
as coldness, numbness and skin redness immediately 
after the operation and at the one-week follow-up. How-
ever, there was no significant difference between the two 
groups (P = 0.8).

Discussion
Tourniquet pressure reduction using the LOP technique 
has been applied in previous studies [1, 5, 6]. However, 
the scope of these studies was specific to lower limb sur-
geries. Some studies have attempted to minimize tour-
niquet pressure in upper limb surgery [10, 13, 14], but 
studies that reduce pressure using the LOP technique in 
minor hand surgery are limited.

The present study showed that, in minor hand surgery, 
using LOP to determine RTP as the tourniquet pressure 
can significantly decrease cuff pressure from the standard 
250 mmHg. Although the difference was only 22 mmHg, 
however, the lower pressure in the RTP group resulted in 
significantly less pain and discomfort. The average of RTP 
in our study was slightly higher than the previous stud-
ies that reported an average of arterial occlusion pres-
sure of 200 mmHg because there was not added a safety 
margin, which is a remain controversial [15, 16]. On the 
other hand, some study used a safety margin by adjust-
ing the systolic blood pressure of the patients during sur-
gery [17]. However, we recommended to added a safety 

margin for hemodynamic fluctuation of the patients dur-
ing operation.

In our study, using the LOP technique to determine 
RTP, which optimizes cuff pressure, the bloodless surgi-
cal field was maintained as same as standard 250 mmHg 
during the operation, which was comparable to previous 
studies [1, 5, 6].

Although the average of tourniquet time in RTP group 
was higher than standard group, 16  min in the RTP 
group and 14.5 min in the standard group, however, there 
was no significant difference. An average of the tourni-
quet time in this study it seems to be slightly higher than 
usual for minor hand surgery because a surgeon who per-
formed the procedures was an Orthopaedic resident that 
would be represent a general orthopedic surgeon.

Creating a motionless field was found in the RTP 
group, which has not been reported in previous studies. 
This means that the optimal tourniquet pressure provides 
no difference in creating a bloodless field and provides 
comparable overall quality of the surgical field. There-
fore, the results of our study showed that determining the 
optimal tourniquet pressure using RTP in the upper limb 
is practical and satisfactory.

We performed the multiple regression analysis in 
order to adjust the confounding factors (age, BMI 
and SBP) and also predict RTP from LOP. The for-
mula was based on the recommended RTP prediction 

Table 1  Baseline characteristics

RTP recommended tourniquet pressure, BMI body mass index, SD standard deviation

Variables RTP group
(N = 84)

Control group
(N = 28)

P value

Demographic parameters

Age (years), mean (SD) 56 (11.7) 55 (9.2) 0.66

Female (%) 64 (77.1) 23 (85.7) 0.43

BMI (kg/m2), mean (SD) 24.5 (3.9) 24.7 (4.7) 0.88

Arm circumference (cm), mean (SD) 28 (3.6) 27.6 (3.7) 0.60

Systolic blood pressure (mmHg), mean (SD) 139.6 (18.9) 141.9 (17.3) 0.56

Diastolic blood pressure (mmHg), mean (SD) 74.8 (9.3) 76.8 (10.7) 0.39

Limb occlusion pressure (mmHg), mean (SD) 155.4 (13.7) 156.5 (13.8) 0.71

RTP (mmHg), mean (SD) 228.3 (17.2) 230.9 (16.8) 0.48

Underlying disease

Hypertension (%) 15 (18.1) 8 (28.6) 0.28

Diabetes mellitus (%) 12 (14.5) 5 (17.9) 0.76

Hypercholesterolemia (%) 17 (20.5) 4 (14.3) 0.58

Other underlying disease (%) 17 (20.5) 4 (14.3) 0.58

Type of operation

de Quervain’s disease (%) 10 (12) 2 (7.2) 0.73

Trigger finger (%) 43 (51.2) 19 (67.9) 0.19

Carpal tunnel syndrome (%) 26 (30.9) 9 (32.1) 1.00

Ganglion cyst (%) 2 (2.4) 0 0.30
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(Predicted RTP = Predicted LOP + Safety Margin). 
For predicted LOP = 63.41 + (0.31*age) + (0.65*BMI) 
+ (0.42*SBP). Safety Margin was determined by plus 
50 mmHg for LOP 90–130 mmHg, plus 75 mmHg for 
LOP 131–190  mmHg and plus 100  mmHg for LOP 
above 190 mmHg. This correlation is considered as the 
optional method to determine RTP when there is no 
LOP measurement equipment available.

Tourniquet position for upper limb surgery have been 
debated between using arm and forearm tourniquet. 
The previous studies showed no significant difference in 
patient pain, physiological response, tourniquet time, 
bloodless field or length of operation. However, the arm 
tourniquet was less obstruction [18] while the forearm 
tourniquet was subjectively more comfortable [19].

The strengths of this study were that it was a double-
blinded randomized controlled trial, with balanced 
prognostic factors, well-controlled confounders and 
adequate sample size. However, there are couple limita-
tions including subjectivity of the surgical field evalu-
ation outcome and many surgeons responsible for the 

operation. Moreover, to measure the LOP the auto-
matic equipment is required.

Conclusion
In minor hand surgery, using LOP with safety margin 
to determine RTP as the tourniquet pressure can sig-
nificantly reduce pain and discomfort, while providing 
enough pressure to create a high-quality surgical field. 
With limitation of requiring automatic equipment, the 
RTP still be a useful option to provide the optimal tour-
niquet pressure for minor hand surgeries.
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Table 2  Outcomes of interests

*Significant P value from either unpaired t test or Mann–Whitney U test or Fisher’s exact test < 0.05

Outcomes RTP group
(N = 84)

Control group
(N = 28)

P value

Tourniquet pressure (mmHg), mean (SD) 228.3 (17.2) 250 (0) < 0.01*

During operation

Surgeon’s satisfaction score 0–4

 Bloodless field, median (range) 4 (2–4) 4 (3–4) 0.92

 Motionless, mean/median (range) 3.9/4 (2–4) 3.8/4 (2–4) 0.049*

Abnormalities, times (%) 3 (3.6) 0 0.57

Tourniquet time (min), median (range) 16 (8–40) 14.5 (8–36) 0.97

Time to pain/discomfort (min), median (range) 8 (1–37) 10.0 (4–29) 0.17

Pain score during operation, mean/median (range) 17.08/0 (0–100) 32.50/15 (0–100) 0.02*

Discomfort during operation, mean/median (range) 17.29/0 (0–100) 33.57/25 (0–100) 0.02*

After operation

Adverse effects after operation

 Nerve damage (%) 4 (4.8) 1 (3.6) 1.0

 Tourniquet syndrome (%) 0 0 –

 Compartment syndrome (%) 0 0 –

 Soft tissue injury (%) 26 (31.3) 10 (35.7) 0.82

1 week after operation

Pain score at 1 week, median (range) 0 (0–0) 0 (0–0) –

Discomfort at 1 week, median (range) 0 (0–0) 0 (0–0) –

Adverse effects at 1 week after operation

 Nerve damage (%) 0 0 –

 Tourniquet syndrome (%) 0 0 –

 Compartment syndrome (%) 0 0 –

 Soft tissue injury (%) 0 0 –



Page 7 of 7Kanchanathepsak et al. Journal of Orthopaedic Surgery and Research          (2023) 18:539 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

and editing. TT contributed to Supervision, writing-review and editing. CA 
contributed to Data analysis, writing—review and editing, approved the final 
manuscript.

Funding
This study was funded by Faculty of Medicine Ramathibodi hospital, Mahidol 
University.

Declarations

Ethics approval and consent to participate
This study was approved by the ethics committee of Ramathibodi Hospital, 
Mahidol University (Protocol number ID 09-61-12). We confirm that all meth-
ods were carried out in accordance with relevant guidelines and regulations.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 17 February 2023   Accepted: 11 July 2023

References
	1.	 McEwen JA, Inkpen K, Younger A. Thigh tourniquet safety. Surg Technol. 

2002;34(7):8–19.
	2.	 Sharma JP, Salhotra R. Tourniquets in orthopaedic surgery. Indian J 

Orthop. 2012;46(4):377–83.
	3.	 Lalonde D, Eaton C, Amadio PC, Jupiter JB. Wide-awake hand and wrist 

surgery: a new horizon in outpatient surgery. In: AAOS instructional 
course lectures. 2015. pp. 249–259.

	4.	 Guay J. Adverse events associated with intravenous regional anes-
thesia (Bier block): a systemic review of complications. J Clin Anesth. 
2009;21(8):585–94.

	5.	 Younger AS, McEwen J, Inkpen K. Wide contoured thigh cuffs and auto-
mated limb occlusion measurement allow lower tourniquet pressures. 
Clin Orthop Relat Res. 2004;428:286–93.

	6.	 Olivecrona C, Ponzer S, Hamberg P, Blomfeldt R. Lower tourniquet cuff 
pressure reduces postoperative wound complications after total knee 
arthroplasty. J Bone Jt Surg Am. 2012;94(24):2216–21.

	7.	 Masri BA, Day B, Younger AS, Jeyasurya J. Technique for measuring limb 
occlusion pressure that facilitates personalized tourniquet systems: a 
Randomized trial. J Med Biol Eng. 2016;36(5):644–50.

	8.	 Kragh JF Jr, Littrel M, Jones JA, Walters TJ, Baer DG, Wade CE, Holcomb 
JB. Battle casualty survival with emergency tourniquet use to stop limb 
bleeding. J Emerg Med. 2011;41(6):590–7.

	9.	 Kumar K, Railton C, Tawfic Q. Tourniquet application during anes-
thesia: “what we need to know?” J Anaesthesiol Clin Pharmacol. 
2016;32(4):424–30.

	10.	 Adhikari GH, Nekkanti S, Ravikiran HG, Ravishankar R. A clinical study 
of the safe use of pneumatic tourniquet in orthopaedic surgery. Int J 
Orthop Sci. 2017;3:74–8.

	11.	 Sverdlov O, Ryeznik Y. Implementing unequal randomization in clinical tri-
als with heterogeneous treatment costs. Stat Med. 2019;38(16):2905–27.

	12.	 Zimmer Orthopaedic Surgical Products I. Operator & service manual, ZIM-
MER A.T.S. 3000, Ohio. In: Zimmer orthopaedic surgical products I, editor. 
2006.

	13.	 Oragui E, Parsons A, White T, Longo UG, Khan WS. Tourniquet use in upper 
limb surgery. HAND (NY). 2011;6(2):165–73.

	14.	 Sato J, Ishii Y, Noguchi H, Takeda M. Safety and efficacy of a new tourni-
quet system. BMC Surg. 2012;15(12):17.

	15.	 Othman S, Pistorio AL, Lopez S, Orengia A, Born MW. Optimizing 
tourniquet pressure in upper extremity surgery. J Hand Surg Asian Pac. 
2021;26(4):654–9.

	16.	 Sarfani S, Cantwell S, Shin AY, Kakar S. Challenging the dogma of tour-
niquet pressure requirements for upper extremity surgery. J Wrist Surg. 
2016;5:120–3.

	17.	 Tuncali B, Boya H, Kayhan Z, Arac S, Camurdan MAK. Clinical utilization 
of arterial occlusion pressure estimation method in lower limb surgery: 
effectiveness of tourniquet pressures. Acta Orthop Traumatol Turc. 
2016;50(2):171–7.

	18.	 Cousins GR, Gill SL, Tinning CG, Johnson SM, Rickhuss PK. Arm versus 
forearm tourniquet for carpal tunnel decompression—which is better? A 
randomized controlled trial. J Hand Surg Eur. 2015;40(9):961–5.

	19.	 Lefebvre R, Cohen L, Kay HF, Mostofi A, Ghiassi A, Stevanovic M. Forearm 
and arm tourniquet tolerance. J Am Acad Orthop Surg Glob Res Rev. 
2022;6(2):e21.00229.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Limb occlusion pressure versus standard tourniquet inflation pressure in minor hand surgery: a randomized controlled trial
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 
	Trial registration 
	Level of evidence 

	Introduction
	Methods
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgements
	References


