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Abstract
Background  Tourniquets are commonly used in today’s orthopaedic surgical practice, but little evidence is available regard-
ing the links between the use of a tourniquet and the amount of post-operative pain and other complications. The aim of the 
study was to conduct a systematic review and meta-analysis comparing tourniquet versus non-tourniquet use during fracture 
surgery of the lower limb in adult patients.
Method  A search was performed using the keyword “tourniquet” in EmBase and as a MeSH term in PubMed, and no limita-
tions (including language) were applied. Available studies were screened using the Covidence software, and demographic 
as well as outcome data were extracted from the final studies. Critical appraisal was performed according to Cochrane Risk 
of Bias guidelines. Pooled data were assessed for heterogeneity using Chi-squared and I2 tests.
Results  Five studies were included, and no statistically significant difference was found in the amount of pain and post-
operative complications between tourniquet and non-tourniquet groups. Length of in-hospital stay was longer in the tourniquet 
groups. An overall high risk of bias was found in the included studies.
Conclusion  Although the validity and statistical strength of our results are not strong enough to suggest a change in practice 
in tourniquet use, the operating surgeon should still carefully consider his or her decision to use a tourniquet in lower limb 
fracture surgery, as there are indeed complications associated with it and no current evidence to support its continued use.
Level of evidence  Level I, systematic review of randomized controlled trials.
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Introduction

Tourniquets have commonly been used in fracture surgery 
to provide a bloodless field and therefore improve visu-
alization, shorten operation time and decrease blood loss 
[1]. Unfortunately, the very use of a tourniquet may lead to 
complications such as blistering, skin necrosis and nerve 

complications such as paresis, rhabdomyolysis, compart-
ment syndrome and deep vein thrombosis [2–5]. In today’s 
orthopaedic surgical practice, the decision to operate with 
or without a tourniquet is more often than not dependent on 
the operating surgeon’s personal preference. The question is 
therefore whether a tourniquet is a necessary tool in ortho-
paedic fracture surgery or not.

In 2010, Smith and Hing [6] conducted a systematic 
review with meta-analysis comparing tourniquet use to 
non-tourniquet use in foot and ankle surgery, demonstrating 
less post-operative pain in the non-tourniquet group as well 
as less swelling up to 6 weeks after surgery and a shorter 
length of stay. However, because of a low methodological 
quality of evidence, they ultimately concluded that further 
research was needed in order to determine whether a change 
in practice in tourniquet use was appropriate. In addition, 
no meta-analyses were performed, due to a low number of 
included studies.
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When choosing to do surgery on lower limb fractures 
with or without a tourniquet, surgeons must be aware of the 
potential harms and benefits.

Our aim was therefore to conduct a systematic review and 
meta-analysis comparing tourniquet with non-tourniquet use 
during fracture surgery of the lower limb in adult patients in 
terms of pain and complications.

Methods

Protocol and registration

The study is reported according to the Preferred Reporting 
Items for Systematic Reviews and Meta-analysis (PRISMA) 
statements [7]. The protocol was registered in the Interna-
tional Prospective Register of Systematic Reviews (PROS-
PERO) database (ID: 80608) before data extraction was 
performed.

Eligibility criteria

Randomized controlled trials (RCTs) comparing tourniquet 
with non-tourniquet surgeries on fractures of the lower limb 
with pain or complications as outcome were included. Other 
study designs were excluded if two or more RCTs existed, 
thereby avoiding extending the scope of this systematic 
review. Studies with elective procedures or non-fracture 
surgery were excluded as well as the paediatric population.

Information sources

Two review authors searched the PubMed and EmBase data-
bases for all results until the 1 September 2017, in coop-
eration with a library search technician. The reference lists 
of included studies and Clinicaltrials.gov were scanned for 
additional eligible studies.

Search

A simple but exhaustive search was performed using the 
keyword “tourniquet” in EmBase and as a MeSH term in 
PubMed. No limitations (including language) were applied.

Study selection

The search results were uploaded to the web-based screen-
ing software at Covidence.org. Two review authors indepen-
dently reviewed all 7473 preliminary results and screened 
according to title, abstract and finally full text, utilizing the 
aforementioned inclusion and exclusion criteria. Any dis-
crepancies for each step were resolved before proceeding 
to the next step.

Data collection process

One review author manually designed a data extraction 
sheet depending on the individually available data from each 
included study and extracted the relevant data. A second 
author cross-checked the extracted data. Konrad et al. [8] 
were contacted for additional data since the data were only 
presented graphically, but unfortunately no response was 
received within our time frame.

Data items

Primary data extraction concerned only outcome measures 
relevant to our particular review, comparable measures of 
post-operative pain and post-operative complications. We 
defined post-operative complications as infections, deep vein 
thrombosis (DVT) and non-union.

Secondary data extraction concerned all available data on 
study-specific methods regarding (1) study characteristics 
(country of origin, study design, number of participants and 
length of follow-up), (2) characteristics of study participants 
(age, sex, fracture type and length of stay in hospital) and 
(3) operation characteristics (data on the use of a tourniquet 
and surgery duration.)

Risk of bias in individual studies

The risk of bias assessment in the included RCTs was per-
formed using the Cochrane Risk of Bias Tool [9]. Two col-
laborating review authors assessed the studies in unison, and 
the findings were checked by a third author.

Summary measures

Primary outcomes, pain and number of complications were 
reported across the studies and meta-analysed using For-
est plots. Weighted mean difference and 95% confidence 
intervals for each study were calculated. Pain was measured 
either by visual analogue scale or by the intervention effect 
and was expressed as a risk ratio for number of complica-
tions and mean difference for pain. A p value < 0.05 was 
considered statistically significant. Statistical analysis was 
performed using the software Revman 5.3.

Meta-analysis was performed by computing relative 
risks (RR) for one forest plot (Fig. 1) and data set, and 
mean difference for the other forest plot (Fig. 2) and data 
set. RR was chosen as the effect for complications due 
to the nature of the data, i.e. events in groups compared 
with one another. Correspondingly, mean difference was 
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used for the data set consisting of self-reported pain since 
it was reported on two different scales. The data set from 
Ömeroglu et al. [10] was converted from a 1–5 scale to a 
1–10 scale (visual analogue scale).

Synthesis of results

Pooled data were assessed for heterogeneity using Chi-
squared and I2 tests. Heterogeneity was defined as absent 
between 0 and 25%, low between 26 and 50%, moderate 
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Fig. 2   Analysis of complications associated with surgery
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between 51 and 75% and high between 75.1 and 100%. 
As there was no evidence of heterogeneity among stud-
ies (p > 0.1 and I2 < 50%), a fixed effect meta-analysis was 
performed.

Statement of human and animal rights

This article does not contain any studies with human partici-
pants or animals performed by any of the authors.

Results

Study selection

After removal of duplicates, 7473 studies were screened 
(Fig. 1). Eleven studies remained, of which three non-RCTs, 
two studies without a comparator group and one study focus-
ing on the upper limb were excluded. Five articles were 
included in the systematic review, but only four of these 
were included in the meta-analysis. Salam et al.’ study [11] 
was excluded from meta-analysis due to difficulty compar-
ing outcome data.

Study characteristics

Three studies included ankle fractures and two included 
tibial fractures. The length of follow-up varied greatly from 

2 days to 32 months. The included number of participants 
ranged from 32 to 138, and except for one study (Konrad 
et al. [8]), there was a surplus of males included. The mean 
age ranged from 40 to 52 (Table 1).

Risk of bias within studies

Due to the nature of these studies, blinding of the operat-
ing surgeon is almost impossible, and no studies specified 
further blinding of personnel or participants. In general, the 
included studies reported very little methodological avoid-
ance of risk of bias, and thus, many single assessments have 
been denominated as “Unclear” (Table 2).

Synthesis of results

In the analysis for complications associated with surgery 
(Fig. 2), the risk ratio [95% confidence interval] was 1.49 
[0.8, 2.77], yielding no difference (p < 0.21). The second 
analysis for 24 h post-operative pain (Fig. 3) demonstrated 
a mean difference of 0.8 [0.38, 1.23] in favour of non-tour-
niquet (p < 0.00002).

Konrad et al. [8] and Maffulli et al. [12] found longer 
lengths of post-operative stay in the tourniquet groups. 
In Konrad et al. [8], the difference was statistically sig-
nificant (p < 0.05). Konrad et al. [8] found no difference in 
the duration of surgery, while Saied and Zyaei [13] found 
a statistically significant longer duration of surgery in the 

Table 1   Study characteristics of the included studies

AO Arbeitsgemeintshaft für Osteosynthesefragen, SD standard deviation, M/F male/female

Study Country Fracture type Follow-up Tourniquet Non-tourniquet

n Mean age (SD) M/F % n Mean age (SD) M/F %

Konrad et al. [8] Germany AO 44-B/C 6 weeks 26 42.7 (9.3) 38/62 28 41.6 (8.7) 39/61
Mafulli et al. [12] Italy AO 44-A1/B1/C1 9–32 months 40 52 (6.4) 83/17 40 50 (7.9) 73/27
Ömeruğlo et al. [10] Turkey AO 44-A/B/C 1 and 2 days 16 40 (15) 63/37 16 37 (16) 75/25
Saied and Zyaei [13] Iran Simple extraarticular 

tibial fracture
1 day and 1 year 73 39.7 (12.6) 80/20 65 39.4 (12.5) 80/20

Salam et al. [11] UK Closed tibial fractures 3 weeks 30 N/A N/A 30 N/A N/A

Table 2   Risk of bias table

Study Random 
sequence genera-
tion

Allocation 
concealment

Blinding of partici-
pants and personnel

Blinding of out-
come assessment

Incomplete 
outcome data

Selective reporting

Konrad et al. [8] Unclear Unclear Unclear Low Low Unclear
Ömeruglu et al. [10] High Unclear Unclear Unclear Unclear Unclear
Saied and Zyaei [13] Low High Unclear Low Unclear Unclear
Salam et al. [11] Unclear Unclear Unclear Unclear Unclear Unclear
Mafulli et al. [12] Low Unclear Unclear Low Low Unclear
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non-tourniquet group (Table  3). Concerning deep vein 
thromboses (DVT), Konrad et al. [8] found one DVT in the 
tourniquet group and Maffulli et al. [12] found two DVTs 
in the tourniquet group. Neither had DVTs in the non-
tourniquet group, but the differences were not statistical 
significant.

Discussion

In regard to post-operative pain, the meta-analysis revealed 
a lower mean difference in the non-tourniquet group, with 
a VAS score of 0.8 less than in the tourniquet group. To 
be certain that this difference is clinically relevant, we first 
need to know the minimal detectable change (MDC), which 
reflects the smallest within-person change in a score that can 
be interpreted as real and statistically significant [14]. We 
found no studies estimating the MDC in fracture surgery, 
but two other studies demonstrated that the MDC for a VAS 
score ranging from 1 to 10 was approximately 2 points [15, 
16]. A 0.8 point difference is therefore not clinically rel-
evant. Moreover, the studies included in this analysis were 
heavily unbalanced and both were considered to have a high 
risk of bias overall.

In a retrospective observational study from 2015 by Kruse 
et al. [17], it was demonstrated that the amount of opioids 
used post-operatively increased proportionately with tour-
niquet time in surgery of calcaneal fractures. As second-
ary findings they reported an increase in peak pain score, 
and time in the post-anaesthetic care unit also increased 
with tourniquet time. The magnitude of the secondary 

findings was, however, small and possibly of limited clini-
cal significance.

In a non-fracture randomized controlled trial, Zhou et al. 
[18] demonstrated a better post-operative recovery when 
comparing tourniquet to non-tourniquet in total knee arthro-
plasty. They reported statistically significant results, showing 
less thigh pain in the first three weeks and a shorter length of 
stay in the group where non-tourniquet was used.

Kumar et al. [19] had similar findings in a randomized 
controlled trial of bilateral total knee replacement with and 
without tourniquet. A statistically significant difference in 
mean VAS score between the groups was found during the 
three initial post-operative days, in favour of the non-tour-
niquet group. This mean difference was approximately 1.8 
on the first day and smaller on the second and third days. 
According to the previously mentioned MDC of approxi-
mately 2 points, the difference might therefore be clinically 
relevant.

Despite the possibly limited significance and magnitude 
of the findings in this study and the secondary findings in 
Kruse et al. [17], the findings still support the hypothesis 
that tourniquets increase post-operative pain and length of 
in-hospital stay. As mentioned before, this study also found 
a shorter length of stay in the non-tourniquet groups in two 
of the included studies. Hence, together with the current 
analysis, all three studies (Kruse et al. [17], Zhou et al. [18] 
and Kumar et al. [19]) point in the same direction in favour 
of non-tourniquet.

When considering the complications associated with sur-
gery, the overall effect in the analysis of this study favoured 
the treatment “non-tourniquet”, but this was not statistically 

Fig. 3   Analysis of post-operative pain within 24 h

Table 3   Duration of surgery and length of stay

SD Standard deviation. Length of stay in days. Duration of surgery in minutes

Study Tourniquet Non-tourniquet

Length of stay (SD) Duration of 
surgery (SD)

Deep vein 
thrombosis (n)

Length of stay (SD) Duration of 
surgery (SD)

Deep vein 
thrombosis 
(n)

Konrad et al. [8] 12.4 (9) 56 (–) 1 8.6 (4.4) 52 (–) 0
Mafulli et al. [12] 12 (5.1) 2 9 (4) 0
Saied and Zyaei [13] 49.5 (9.2) 55.2 (11)
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significant. Konrad et al.’ study [8] was also included in this 
analysis, which has fewer issues with risk of bias. Overall, 
the risk of bias is still quite high, again lowering the validity 
of the results.

Su et al. [20] demonstrated a higher incidence of wound 
complications in calcaneal fractures with higher tourni-
quet times in an observational study of 318 fractures. In 
a systematic review from 2014 on total knee arthroplasty 
(TKA), Zhang et al. found that the use of a tourniquet in 
TKA increased the risk of thrombotic events (DVT and 
pulmonary embolism) and non-thrombotic events (blister, 
infection, haematoma, nerve palsy, bruising, wound oozing 
and re-operation) [21].

Odinsson and Finsen [2] retrospectively investigated the 
neurological complications following tourniquet use in lower 
limb fracture surgery. Their findings suggest that tourniquet 
time is an important factor in regard to these post-operative 
complications, recommending that surgeons adhere to a 
maximum inflation time of 2 h to reduce the incidence of 
permanent nerve damage.

Not only tourniquet time, but also tourniquet cuff pres-
sure (TCP) can have an impact on post-operative complica-
tions. Olivecrona et al. [22] investigated the link between 
nerve damage and TCP in total knee arthroplasty (TKA) 
in a neurophysiological RCT in 2013 and found that a TCP 
of ~ 280 mmHg for up to 80 min was safe in regard to neu-
rological injury in patients undergoing TKA in a bloodless 
field. One patient with a higher TCP of 294 for 100 min 
showed signs of recent denervation demonstrated through 
electromyography and clinical signs of nerve injury.

Although patients in the tourniquet groups may have 
slightly shorter durations of surgery, they have a longer 
hospitalization time after the surgery. Hence, the use of a 
tourniquet cannot be rationalized from a cost-effectiveness 
perspective, as a few minutes saved in the operating room 
does not outweigh the increased cost of longer hospitaliza-
tion time, nor is it desirable from the patients’ point of view. 
The cumulative costs of using disposable tourniquets are not 
to be neglected either. Thus, for a surgeon to ethically justify 
the use of a tourniquet, which may cause complications in 
and of itself, there would have to be an advantage greater 
than the potential additional complications. The current lit-
erature does not seem to justify this.

A clear limitation of this review is the overall high risk 
of bias in all included studies. Furthermore, few studies are 
included in the two meta-analyses (two and three, respec-
tively) which is apparent in the heterogeneity score.

In perspective, the current studies are not adequately 
powered to address differences in low-frequency complica-
tions and future large cohort or registry studies are therefore 
warranted.

We conclude that although the validity and statistical 
strength of our results are not strong enough to suggest a 

change in practice in tourniquet use, the operating surgeon 
should still carefully consider his or her decision to use a 
tourniquet in lower limb fracture surgery, as there are indeed 
complications associated with it and no current evidence to 
support its continued use.
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