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Abstract

Background: The purpose of this study is to evaluate the use 
of the tourniquet and its effect on post-operative pain in the 
paediatric population following lower leg procedures.

Methods: A retrospective study of paediatric patients (under 
the age of 18) undergoing inpatient orthopaedic procedure 
below the knee performed at a single academic institution 
between 1st December 2013 and 31st January 2019 was 
conducted. Primary outcome measures of total opioid con-
sumption during hospital stay and pre-operative nerve block 
utilization were retrieved from the electronic medical record 
(EMR). Secondary outcome measures of blood loss, tourni-
quet time, procedure time and length of hospital stay were 
also retrieved. Student’s t-tests were used to assess statistical 
significance between two sample means.

Results: The final analysis included 204 paediatric proce-
dures, 118 of which used a tourniquet and 86 of which did 
not. Paediatric patients with a tourniquet had significantly 
more opioid consumption post-operatively in the form of 
weight-based morphine equivalents/length of stay (p = 0.01) 
compared to those who had no tourniquet. This held true for 
males (p = 0.049) and females (p = 0.04) respectively. We did 
not see an increase in wound complications or return trips to 
the operating room in the tourniquet cohort. All procedures 
included an osseous component except one procedure in the 
non-tourniquet group.

Conclusion: Minimizing opioid consumption may be achieved 
by avoiding tourniquet use in paediatric patients with low-
er leg procedures. In non-anaemic paediatric patients, it is 
reasonably risk-free to perform these surgeries without the 
use of tourniquet to decrease opioid dependence in the post- 
operative period.
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Introduction

The use of tourniquets in orthopaedic surgery is com-
mon practice. Their use in total knee arthroplasty (TKA),1-4 
hand surgery,5-8 and adult foot and ankle surgery9-12 has 
been studied in terms of blood loss, post-operative pain 
and wound complications. While tourniquet use has 
been studied in other fields within orthopaedics, there is 
a paucity of data regarding their use in the paediatric pop-
ulation, particularly as it pertains to paediatric foot and 
ankle surgery. The purpose of this study was to evaluate 
the use of tourniquets in the paediatric orthopaedic pop-
ulation undergoing foot and ankle procedures. Our aim 
was to evaluate the impact of tourniquet use on operative 
time, blood loss and pain in the immediate post-operative 
period, as well as to identify any potential complications.

Materials and methods
Study sample

A retrospective study of 204 paediatric patients (under the 
age of 18 years) undergoing inpatient orthopaedic pro-
cedures below the knee performed at a single academic 
institution between 1st December 2013 and 31st Janu-
ary 2019 was conducted with institutional review board 
approval. Inclusion criteria included unilateral tibia, ankle, 
midfoot, hindfoot and forefoot procedures. The proce-
dures included open reduction internal fixation, intra-
medullary nailing, arthrodesis, osteotomy and tendon 
transfers. Exclusion criteria included adult patients (over 
the age of 18 years), bilateral procedures, tumour cases 
and outpatient procedures. 

Measurements

Patient age in years, sex, height, weight, body mass index 
(BMI), comorbidities including Spinal Muscular Atrophy, 
adolescent idiopathic scoliosis, spina bifida, Down syn-
drome and cerebral palsy were recorded. Other variables 
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including procedure type, attending surgeon, pre-oper-
ative nerve block use (yes/no and type), length of hospi-
tal stay in days, narcotic use, procedure time in minutes, 
tourniquet use (yes/no), tourniquet time in minutes, 
post-operative blood loss determined by total drainage 
in mL, need for blood transfusion (yes/no and amount 
transfused in mL), most recent follow-up date and need 
for re-surgery (yes/no, reason and date) were retrieved 
form the electronic medical record (EMR). Complications 
were defined as post-operative bleeding, wound compli-
cations, infection, non-union, use of wrong implant or 
incorrect implant positioning. 

Outcome measures included blood loss, tourniquet 
time, procedure time, peri-operative nerve block utiliza-
tion, length of hospital stay (LOS) and total opioid con-
sumption during hospital stay. Opioid consumption 
was defined as opioids administered beginning from 
the patient’s operative day throughout their hospital 
stay. For those with a LOS of zero, a denominator of one 
was used, for those with a stay of one night was divided 
by two (for two days in the hospital). Procedure length 
was calculated using incision time and incision closing 
time. Tourniquet time was calculated using inflation and 
deflation time. Narcotics consumed were recorded and 
converted into weight-based morphine milligram equiva-
lents (WBME) using previously published methodology.13 

Most recent follow-up was defined as the date of last fol-
low-up clinic visit with an orthopaedic provider in regard 
to the recorded procedure. Procedure descriptions were 
recorded and then categorized as osseous versus non, 
trauma versus non and location was documented. 

Data points were extracted from the EMR without alter-
ation and with blinding using study numbers. Patients 
were assigned study numbers after data extraction for 
blinding of statistical analysis. 

Statistical analysis 

Student’s t-tests were used to assess statistical signifi-
cance between two sample means. Levene’s tests were 
conducted to determine if the two groups had equal vari-
ance. Welch’s t-tests with unequal variances were used to 
analyse two sample means with unequal variance. Lastly, 
Chi-square (χ2) test with Fisher exact tests were used to 
compare categorical variables. Results were considered 
significant when p values were less than 0.05. 

Results
Demographics and operative results

In total, 204 patients were screened and included in the 
study, 118 in the tourniquet group and 86 in non (Fig. 1). 

Fig. 1 Flowchart of study subject.

Fig. 2 Procedure type in tourniquet and non-tourniquet groups. Procedures were categorized as osseous if there was any osseous 
component.
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Both groups are well matched in regard to age, BMI and 
procedure type (Fig. 2) and location (Fig. 3). In all, 97% and 
90% of procedures were osseous in nature in tourniquet 
and non-tourniquet group, respectively. Mean age at time 
of procedure was 13 years, 14 years in the tourniquet group 
and 12.9 years in non-tourniquet (p = 0.59). Similarly, 
median BMI in kg/m2 was not statistically different (22.8 in 
tourniquet group versus 22.4 in non, p = 0.66) (Tables 1 to 
3). Procedure time was significantly higher in no tourniquet 
cases in both males (p = 0.002) and females (p = 0.005). 
Mean blood loss was significantly higher in non-tourniquet 
groups in males and females (p < 0.0007), although in both 
groups the mean difference in blood loss was less than 110 
mL. Mean length of stay (LOS) was not statistically signifi-

cant between tourniquet and no tourniquet groups (1.43 
days versus 1.95 days, p = 0.1). There were two patients 
who required blood transfusions with a tourniquet (2%) 
and six without the use of tourniquet (7%) (Table 4).

There were more males in both the tourniquet (64%) 
and non-tourniquet groups (64%). Subsequently, males 
and females were analysed separately and together 
(Tables 2 and 3). 

Post-operative pain and length of stay 

Administered post-operative morphine milligram equiv-
alents was calculated using a previously published 
method.14 Morphine milligram equivalents was then 

Fig. 3 Procedure location in tourniquet and no tourniquet groups.

Table 1 Summary of results 

  Total

  Tourniquet No tourniquet Statistic p value*

N 118 86
Mean age (range) 13.14 (0.13–17.5) 12.90 (5–17) t = 0.54 0.59
Mean BMI (range) 22.8 (12–39) 22.4 (14–39) t = 0.45 0.66
Mean length of stay (range, days) 1.43 (0–19) 1.95 (0–12) t = 1.68 0.1
Mean morphine equivalents (range) 105.53 (0–1233.9) 56.52 (0–1148.5) t = 1.03 0.3
Mean weight-based morphine (range) 1.45 (0–11.40) 0.95 (0–9.94) t = 1.37 0.17
Mean WBME/LOS (range) 0.44 (0–1.61) 0.24 (0–0.98) t = 2.6 0.01
Mean procedure time (range, min.) 124.8 (23–318) 210.5 (19–565) t = 4.14 0.00002
Mean tourniquet time (range, mL) 75.91 (7–195) N/A N/A N/A
Mean EBL (range, mL) 24.10 (0–350) 117.85(0–800) t = 5.27 0.00000008
Blood transfusions 2/118 (0.02) 6/86 (0.07) X2 = 3.68 0.054

*Students T test
BMI, body mass index; EBL, estimated blood loss; LOS, length of stay; WBME, weight-based morphine milligram equivalent

Table 2 Male specific results

  Male

  Tourniquet No tourniquet Statistic p value*

N 74 55
Mean age (range, years) 13.22 (1–18) 13.49 (6–17) t = 0.53 0.6
Mean BMI (range) 22.4 (12–37) 23.7 (14–39) t = 1.14 0.26
Mean length of stay (range, days) 1.4 (0–14) 2.04 (0–9) t = 1.54 0.13
Mean morphine equivalents (range) 77.4 (0.24–1233.9) 73.68 (0–1148.5) t = 0.14 0.89
Mean weight-based morphine (range) 1.14 (0.01-9.36) 1.05 (0–9.94) t = 0.29 0.78
Mean WBME/LOS (range) 0.38 (0.002–1.61) 0.24 (0–0.83) t = 2.0 0.049
Mean procedure time (range, min.) 126.1 (35–392) 205.88 (125–565) t = 3.29 0.002
Mean tourniquet time (range, min.) 71.96 (7–195) N/A N/A N/A
Mean EBL (range, mL) 29.36 (0–350) 114.85 (0–800) t = 3.77 0.0004

*Students T test
BMI, body mass index; EBL, estimated blood loss; LOS, length of stay; WBME, weight-based morphine milligram equivalent
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divided by weight (kg) to derive WBME (mg/kg). Lastly, 
this value was divided by LOS to calculate WBME/LOS. 
This value was statistically significant in males alone (p = 
0.049), females alone (p = 0.04) and in total (p = 0.01) 
(Fig. 4). Additionally, there were 22 (19%) pre-operative 
regional pain blocks in the tourniquet group and seven 
(8%) in the non-tourniquet group (Fig. 5). Of the 29 blocks, 
22 were popliteal blocks, one caudal, two saphenous and 
two femoral. At the most recent follow-up (315 days in 
tourniquet, 316 days in no tourniquet),  complications 

were reported in three of the tourniquet patients (3%) and 
one in the non-tourniquet (1%) (Table 4). Two patients in 
the tourniquet group returned to the operating room due 
to infection (surface osteomyelitis and pin tract infection). 
One returned for post-operative bleeding. In the non-tour-
niquet group, one patient returned for drainage of an 
abscess. In trauma cases, patients in the tourniquet group 
had significantly more WBME/LOS (p = 0.032) (Table 5). 
This held true for foot and ankle osseous procedures ana-
lysed alone (p = 0.046) (Table 6), and in patients aged 

Table 3 Female specific results

  Female

  Tourniquet No tourniquet Statistic p value*

N 44 31
Mean age (range, years) 13.0 (0.13–17) 11.82 (4–16) t = 1.57 0.12
Mean BMI (range) 23.5 (15–39) 20.1 (14–34) t = 2.34 0.02
Mean length of stay (range, days) 1.5 (0–19) 1.81 (0–12) t = 1.73 0.09
Mean morphine equivalents (range) 169.04 (0–1130.8) 27.16 (0–137.5) t = 1.75 0.09
Mean weight-based morphine (range) 2.20 (0–11.40) 0.70 (0–4.81) t= =.67 0.1
Mean WBME/LOS (range) 0.59 (0.33–0.71) 0.21 (0–0.98) t = 2.1 0.04
Mean procedure time (range, min.) 122.8 (23–518) 218.2 (19–537) t = 2.29 0.005
Mean tourniquet time (range, min.) 82.83 (22–180) N/A N/A N/A
Mean EBL (range, mL) 14.83 (0–200) 123.10 (0–600) t =.74 0.0007

*Students T test
BMI, body mass index; EBL, estimated blood loss ; LOS, length of stay; WBME, weight-based morphine milligram equivalent

Table 4  Surgical complications 

Complications

Tourniquet No tourniquet

n = 118 n = 86
Infection/wound complications 2% (2/118) 1% (1/86)
Bleeding 1% (1/118) 0% (0/86)
Total 3% (3/118) 1% (1/86)

Fig. 4 Weight-based morphine equivalents/length of stay.
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Fig. 5 Peri-operative block usage in tourniquet and no tourniquet 
groups.

Table 5 Trauma versus non-trauma procedures

Trauma:

LOS Morphine equiv. WBME/LOS Blocks

Tourniquet
(n = 57)

1.5 109.06 0.51 17.5%

No tourniquet
(n = 33)

1.8 79.35 0.25 0%

p value* 0.684 0.309 0.032**

Non-trauma:

LOS Morphine equiv. WBME/LOS Blocks

Tourniquet
(n = 61)

1.4 91.71 0.31 19.7%

No tourniquet
(n = 53)

2.4 48.02 0.25 13.2%

p value* 0.037** 0.230 0.140

*Students T test
**denotes statistical significance
LOS, length of stay; WBME, weight-based morphine milligram equivalent

Table 6 Foot and ankle boney procedures

LOS Morphine equiv. ME/LOS Blocks

Tourniquet
(n = 84)

0.8 40.92 0.35
23.8%

No tourniquet
(n = 33)

1.1 32.60 0.21
12.1%

p value* 0.251 0.208 0.046**

*Students T test
**denotes statistical significance
LOS, length of stay; ME, morphine equivalents

Table 7 Summary of results by age

Age 0 to 1 n LOS ME WBME WBME/LOS

Tourniquet 3 0.33 0.90 0.06 0.04
No tourniquet 0 NA NA NA NA
p value* NA NA NA NA
1 to 5
Tourniquet 2 0.50 7.98 0.53 0.26
No tourniquet 1 2.00 8.98 0.73 0.24
p value* NA NA NA NA
5 to 12
Tourniquet 28 9.92 0.79 14.38 0.62
No tourniquet 23 1.97 31.20 0.81 0.21
p value* 0.01** 0.06 0.26 0.20
12 to 18
Tourniquet 85 1.94 172.96 2.13 0.56
No tourniquet 60 2.11 67.33 0.99 0.26
p value* 0.39 0.03** 0.03** 0.005**

*Students T test
**denotes statistical significance
LOS, length of stay, ME,morphine equivalents; WBME, weight-based 
morphine milligram equivalent

studies in the adult arthroplasty literature, where less pain 
and a better early range of motion was found in cases 
performed without the use of a tourniquet.1-3 Our results 
also agree with similar findings in the adult foot and ankle 
literature as well where post-operative pain was more dif-
ficult to control following ankle fracture fixation in those 
patients whom underwent surgery with the use of a tour-
niquet .11 A sub-group analysis of the females in our cohort 
demonstrated a three-fold increase in the mean WBME 
consumed in the tourniquet group, agreeing with a recent 
study that demonstrated females with a tourniquet post-
TKA reported significantly more pain and required more 
opioids within the first 24 hours after surgery than females 
without tourniquet use.14 However, this finding only 
trended towards significance in our study. Tourniquet-re-
lated pain is a common early post-operative complaint 
likely due to a combination of neuromuscular injury, isch-
emic effects in the nerve or muscle, disturbances in nerve 
conduction and slowly resolving axonal compression syn-
drome as a result of tourniquet use.3,16-20

As expected, our results demonstrated differences in 
blood loss and operative time with tourniquet use, falling 
in line with several other studies.2,4,9 However they differ 
from findings in the context of ankle arthroscopy, where 
no difference was found in length of procedure, maxi-

Table 8 Summary of results by length of hospital stay

Tourniquet ME WBME WBME/LOS

LOS of 0 23.22 0.38 0.38
LOS of 1–2 41.22 0.89 0.39
LOS of > 2 440.88 5.24 0.81

No tourniquet ME WBME WBME/LOS
LOS of 0 5.37 0.08 0.08
LOS of 1–2 33.01 0.62 0.26
LOS of > 2 144.29 2.34 0.36

LOS, length of stay, ME, morphine equivalents; WBME, weight-based 
morphine milligram equivalent

between 12 and 18 years (p = 0.005) (Table 7). WBME/LOS 
was significantly greater in tourniquet patients with LOS 
of zero, one to two, and more than two (Table 8).

Discussion
The findings in this study demonstrate that lower extrem-
ity tourniquet use in the paediatric population is asso-
ciated with lower blood loss and lower operative time, 
but requires a higher daily opioid requirement during 
the inpatient stay. This is despite a higher percentage of 
patients with tourniquet also receiving peri-operative 
anaesthetic blocks. These findings agree with previous 
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mum intraoperative fluid pressure or visibility when com-
paring those undergoing the procedure with or without a 
tourniquet.10 Unlike previous studies in the adult literature 
where tourniquet use has been correlated with increased 
wound complications as well,12 we did not see an increase 
in wound problems or return trips to the operating room 
in the tourniquet cohort.

Weaknesses of the current study include its retrospec-
tive nature, varied heterogeneity of the surgical procedures 
and reliance on opioid use alone rather than validated 
pain scores to assess post-operative pain. Unfortunately, 
these scores were inconsistently recorded over the study 
period. As opposed to the high volume and often standard 
approach used in primary TKA, high volumes of identi-
cal procedures are rarely performed in most paediatric 
centres. Often the paediatric surgical practice is diverse, 
making single centre direct comparisons of identical pro-
cedures difficult. While this confounding factor cannot be 
completely overlooked, the fact that opioid use was still 
greater in those receiving regional anaesthesia suggests 
that the tourniquet and not potential differences in the 
procedures is the cause for the differences in morphine 
equivalents found. In the tourniquet group three children 
had cognitive delay (two autism, one cerebral palsy) and 
13 in the non-tourniquet group (four autism, nine cere-
bral palsy). With such a low number of children with neu-
rological delay (16 in total, only one trauma procedure in 
a child with autism), we did not think it would be benefi-
cial to analyse them separately. In these children, nursing 
staff assessed pain using the Faces pain scale and recorded 
pain scores every four hours. Parental input was utilized in 
these children for pain management. The authors feel that 
this study provides the justification for a more rigorous 
multicentre prospective comparison, which would allow 
for procedures to be matched, regional anaesthesia to be 
standardized and validated pain scores to be recorded in a 
standardized fashion. 

Given the recent opioid epidemic, decreasing opioid 
use in orthopaedic patients is paramount. In 2015, the 
American Academy of Orthopaedic Surgeons (AAOS) 
released a statement detailing strategies for safer and 
more effective pain management and treatment: ‘The 
AAOS believes that a comprehensive opioid program is 
necessary to decrease opioid use, misuse, and abuse in 
the United States. New, effective education programs 
for physicians, caregivers, and patients; improvements 
in physician monitoring of opioid prescription use; 
increased research funding for effective alternative pain 
management and coping strategies; and support for 
more effective opioid abuse treatment programs are 
needed.’ While the surgeon must balance many factors 
when performing a surgery, these data suggest that 
patients may have a lower opioid requirement if the use 
of a tourniquet can be safely avoided. However, as our 

data shows, this may increase the operative time, blood 
loss and risk of transfusion, thus it is up to each surgeon 
to assess the risks and benefits of tourniquet use in each 
of their patients. 
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