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ABSTRACT:

Objective: To evaluate the analgesic effectiveness of two novel regional nerve blocks in 

children with developmental dysplasia of the hip (DDH) after open reduction surgeries. 

Design: Prospective, double-blinded, randomized controlled trial.

Setting: 2 tertiary teaching hospitals in China.

Participants: 90 children aged 2–10 years with DDH undergoing open reduction 

surgeries.

Interventions: Random assignment 1:1:1 to quadratus lumborum block (QLB) group, 

transversalis fascia plane block (TFPB) group and the control (no region nerve block) 

group.

Primary and secondary outcome measures: The primary outcome was the face, legs, 

activity, cry, and consolability (FLACC) scale scores. Secondary outcomes included 

perioperative opioid consumption, the time until first press of nurse-controlled 

analgesia/patient-controlled analgesia (NCA/PCA) pump and the total count number of 

pressing, length of post-anaesthesia care unit (PACU) stay, length of hospital stay, 

parental satisfaction with pain management, and adverse events.

Results TFPB prolonged the first-time request for NCA/PCA analgesia, and decreased 

the total counts number of pressing, comparing to QLB (P<0.001, P=0.0111, 

respectively). Compared with the control group, the mean FLACC scores were 

significantly lower in QLB group and TFPB group (both P < 0.0001), both the fentanyl 
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consumption during the PACU stay and median postoperative opioid consumption were 

less in QLB group (both P<0.0001) and TFPB group (P=0.0103, P < 0.0001,respectively), 

median PACU time was much shorter in QLB group and TFPB group (both P < 0.0001), 

and parental satisfaction scores were significantly increased in QLB group and TFPB 

group (both P<0.0001). The hospital stay length was significantly shorter in TFPB group 

than in control group (P=0.0222). No patient experienced any adverse events.

Conclusions: We suggested that both ultrasound-guided QLB and TFPB should be 

considered as an option for perioperative analgesia in children with DDH undergoing 

open reduction surgeries, TFPB would be more beneficial to the recovery profile.

Trial registration number: NCT03189966`/2017.

Keywords: paediatric anaesthesia; ultrasound; pain management; paediatric plastic & 

reconstructive surgery; 

Strengths and limitations of this study:

This is the first study to assess the analgesic effectiveness of QLB and TFPB in DDH 

paediatric patients undergoing open reduction surgeries. 

QLB and TFPB were easy to perform and provided approximate postoperative analgesic 

effect without any complications.

Lack of the image data on local anesthetic spreading was the major limitation.

Word count:3667
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INTRODUCTION

Developmental dysplasia of the hip (DDH) was a condition that paediatric orthopedic 

physicians encounter. An open hip surgery for DDH led to extensive injuries with 

multiple femoral or pelvic osteotomy and tenotomy procedures such as realigning the 

pelvic and thigh bones, stabilizing the ball and socket joint, removing excess bone or 

loose bodies, and reconstructing or replacing the hip joint. Severe pain would be caused 

by all of these procedures and urgently needed to be controlled in the postoperative 

period.1

Caudal extradural anaesthesia2 and peripheral nerve blocks1,3,4 were effective 

methods for relieving postoperative pain. Emerging evidence indicated that peripheral 

nerve blocks provided superior analgesia with less adverse events than intravenous 

opioids.3,5 Recent case reports indicated there was a significant reduction in postoperative 

pain and analgesic requirement when using lumbar plexus block,1 erector spinae(ES) 

plane block,6 fascia iliaca compartment block4 and psoas compartment block7 in children 

undergoing open hip surgeries. Peripheral nerve blocks have some advantages over 

caudal and epidural anaesthesia such as they can provide a unilateral block, decrease the 

incidence of urine retention, and avoid the unwanted effects of caudal and epidural 

anaesthesia.7 Paediatric anesthesiologists seemed to hesitate to choose the lumbar plexus 

block or the psoas compartment block because of potential complications such as total 

spinal block, convulsions, retroperitoneal hemorrhage or renal puncture.8 Meanwhile, the 

Page 5 of 33

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on M
arch 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-038992 on 4 F

ebruary 2021. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

5

lumbar plexus block was normally performed with ultrasound guidance and nerve 

stimulators, which rely on reversing neuromuscular blockade.

Some effective techniques of regional anaesthesia are being explored. The quadratus 

lumborum block (QLB) deposits local anesthetics between the PM and quadratus 

lumborum to achieve thoracolumbar anaesthesia by spreading to the paravertebral spaces 

via long axis of the body. The transversalis fascia plane block (TFPB) anatomically 

targeted nerves between the lumbar plexus and the transversus abdominis plane (TAP). 

Study showed that the QLB was an effective method to provide postoperative analgesia 

for femoral neck fractures or total hip arthroplasty.9 The TFPB provided effective 

analgesia for anterior iliac crest bone graft harvesting, as indicated by significantly lower 

perioperative opioid consumption and pain scores during the immediate postoperative 

period.10 However, few evidences had been reported in children undergoing open hip 

surgeries.

 The aim of this study was to investigate the efficacy and safety of 

ultrasound-guided QLB and TFPB for perioperative analgesia in children with DDH 

during the first 48h undergoing open hip surgeries. 

METHODS

The study was a prospective, double-blinded, randomized, controlled trial. We applied 

the consolidated standards of reporting trials (CONSORT) guidelines. This trial was 
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approved by the Ethics Committee of Beijing Jishuitan Hospital (NO.2017-2) and the 

Second Affiliated Hospital of Wenzhou Medical University (NO.2016-18) and registered 

at http://www.clinicaltrials.gov,NCT03189966/2017. Written informed consent was 

obtained from all patients’ guardians.

Participants

This study was conducted at Beijing Jishuitan Hospital and the Second Affiliated 

Hospital of Wenzhou Medical University between August 2017 and July 2018. Enrolled 

patients aged 2-10 years with American Society of Anaesthesiologists (ASA) physical 

status I or II who underwent a Salter acetabular osteotomy combined with proximal 

femoral rotation osteotomy. Patients allergic to local anesthetics or who had a mental 

disability that precluded the administration of the FLACC scale, peripheral neuropathy, 

coagulopathy disorders, or any other contraindication for truncal block anaesthesia were 

excluded from the study.

Sample size

To estimate the sample size, a pilot study, which included 21 patients (constituting three 

experimental groups: QLB group, TFPB group, control group; n=7 for each group), was 

conducted by measuring the FLACC pain scores at 12h after surgery. A power analysis 

was performed using SigmaPlot software (version 12.5, Build 12.5.0.38, Systat Software, 

Inc., Chicago, IL, USA) with a setting of two-tailed α=0.05 and a power of 80%. Results 
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indicated that at least 29 patients would be required for each group. Thus, 30 patients for 

each group were recruited for this study against the possibility of patient dropouts.

Randomization and blinding 

Paediatric patients were allocated randomly into three equal groups (of 30 children each). 

A computer-generated program of random numbers was used to assign participation for 

each group. The assessors and the patients’ guardians or even the children themselves 

were blinded to the study group. 

Interventions

While in the operation room, all patients were monitored with heart rate (HR), mean 

blood pressure (MBP), nasopharyngeal temperature, and peripheral oxygen saturation 

(SPO2). General anaesthesia (GA) was induced by intravenously administering propofol 

3 mg·kg-1, fentanyl 2 μg·kg-1, and cis-atracurium 0.2 mg·kg-1. GA was maintained with 

remifentanil at 0.15–0.2 μg · kg-1 · min-1 and 2%–3% sevoflurane . All the blocks were 

performed after intubation before onset of surgery under ultrasound guidance (FUJIFILM 

SonoSite, Inc., Bothell, WA, USA). The patients in the control group only received GA 

without any nerve block. 

The QLB was performed with the patient in a lateral position. A curvilinear 

low-frequency, 5-2 MHz, 30 cm linear array ultrasound probe (C60xp; FUJIFILM 

SonoSite, Inc., Bothell, WA, USA) was placed transversely at the posterior axillary line 

between the iliac crest and the costal margin. After QL muscle, psoas major (PM) muscle, 
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ES and L3 transverse process were identified by the “Shamrock view” method,11,12 a 

22-gauge, 100-mm needle was inserted using the in-plane technique and advanced until it 

reached the transversalis fascia between the QL muscle and the PM muscle (Figure 1-1). 

After ensuring negative aspiration of blood, 0.3% of ropivacaine at 0.8 mL · kg-1 was 

administered.

The TFPB was performed at the supine position. A high-frequency, 15-6 MHz, 6 cm, 

linear array probe (HFL50xp; FUJIFILM SonoSite, Inc., Bothell, WA, USA) was placed 

transversely over the lateral abdomen between the iliac crest and the costal margin. After 

the external oblique, internal oblique, transversus abdominis muscle and QL muscle were 

identified. A22-gauge, 100-mm needle was inserted with in-plane technique and 

advanced until it reached the transversalis fascia plane between the QL muscle and the 

transversus abdominis (TA) muscle (Figure 1-2). After ensuring negative aspiration of 

blood, 0.3% of ropivacaine at 0.8 mL·kg-1 was injected. 

Postoperative pain control was provided by a nurse-controlled analgesia (NCA) / 

patient-controlled analgesia (PCA) infusions of sufentanil (2 μg·kg-1) for 48h.  

Paracetamol (po, 15 mg·kg-1 ) was routinely administered postoperatively every 6 h for 

48h. The pain was measured by the assessors with the FLACC scale.11 If a pain score was 

>3, the patient in the PACU would receive fentanyl (iv,1 μg·kg-1), while in the surgical 

ward morphine (iv,0.05 mg·kg-1) was administered. Satisfaction from all patients’ 
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guardians were surveyed with regard to the postoperative analgesia of their children at 

the time of the NCA/PCA pump removal.

Outcomes

Primary outcome was the FLACC score of patients in the PACU and at 2h, 4h, 8h, 12h, 

24h, 48h postoperatively.

Secondary outcomes included intraoperative MBP and HR at the endpoints of 

Salter acetabular osteotomy(T1), femoral rotation osteotomy (T2), and anterior superior 

iliac spine osteotomy (T3) during the surgery; intraoperative opioid consumption (i.e., 

fentanyl and remifentanil); duration of the surgery; postoperative fentanyl consumption 

in the PACU, postoperative morphine consumption in the surgical ward; the length of 

PACU stay; the time until first press of nurse-controlled analgesia/patient-controlled 

analgesia (NCA/PCA) pump and the total count number of pressing the pump; length of 

hospital stay; complications (e.g., immediate complications such as vessel puncture and 

possible undesirable effects such as hypotension, bradycardia, epidural local anesthetic 

spread, or postoperative nausea and vomiting). 

Statistical analysis

All data were performed using the SPSS software (version 21, SPSS Inc., Chicago, IL, 

USA). The data are presented as the median (interquartile range [IQR]), numbers, and 

percentages. Categorical data was analyzed by using Chi square test. Continuous 

variables were analyzed by one-way ANOVA analysis. Generalized estimating equation 
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(GEE) was used to analysis the FLACC score at multiple time points. P < 0.05 was 

considered statistically significant.

Patient and Public Involvement

Participants were not involved in the setting the research question, designing and 

conducting or interpretation of the research, but anesthesiologists identified the research 

question and outcomes from informal discussions with patients’ guardians. The burden of 

the intervention assessed by patients’ guardians and researchers.

Results

One-hundred and ten patients were approached to participate, with 90 agreed and were 

eligible. A flow diagram of this study was shown in Figure 2. Demographic data were 

shown in Table 1.

Intraoperative period

There were no statistically significant differences among three groups with regard to 

HR, MBP and SpO2 before skin incision (P> 0.05). The MBP and HR were significantly 

higher in the control group than in the other groups (P < 0.05). There were no significant 

differences in fentanyl and remifentanil requirements among three groups during 

intraoperative periods (P = 0.6211).

Postoperative period

The time asking for first NCA/PCA analgesia in TFPB group was significantly 

longer than in QLB group (P < 0.0001) and control group (P < 0.0001). The total count 
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number of pressing the NCA/PCA pump in TFPB group was significantly less than in 

QLB group (P =0.011) and control group (P < 0.0001).

The FLACC scores in control group were significantly higher than those in the other 

groups (P < 0.05), while no significant difference was observed between QLB group and 

TFPB group (Table 2). Compared to control group, the consumption for postoperative 

analgesics (fentanyl and morphine) were significantly decreased and parental satisfaction 

scores were significantly increased in the other groups (P < 0.05), while no significant 

difference was observed between QLB group and TFPB group. (Table 3).

The length of PACU stay in QLB group was significantly shorter than in TFPB group 

(P=0.0017) and control group (P < 0.0001), while the length of hospital stay in TFPB 

group was significantly shorter than in control group (P < 0.0001). No adverse events 

were observed among three groups.

DISCUSSION

To the best of our knowledge, it was the first study to assess the analgesic effects of QLB 

and TFPB in pediatric patients with DDH. In this study, we found that QLB and TFPB 

similarly relieved the pain, decreased the consumption of additional analgesics, shortened 

the PACU stay and improved the parental satisfaction. Interestingly, TFPB 

was superior to the QLB on the time until first press of NCA/PCA pump and the total 

count number of pressing the pump. 
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Our study confirmed that QLB and TFPB similarly relieved the pain as indicated by 

FLACC score at rest and movement states with 48h postoperatively, when compared with 

control group. These were consistent with previous studies 1,4,6,7. Many studies proved 

that specific regional anaesthesia techniques could minimize postoperative pain for 

orthopedic surgery. Perineural blocks with ultrasound guidance as minimally invasive 

analgesic methods have begun to replace central blocks in the perioperative periods.

The time until first press of NCA/PCA pump was interestingly more delayed, and 

the total count number of pressing was decreased in the TFPB group, when compared 

with the QLB group. Ahiskalio et al.14 reported two pediatric patients with QLB for 

postoperative analgesia undergoing congenital hip dislocation surgery did not request 

rescue analgesics during postoperative 24h, which was inconsistent with our findings. 

The diffusion of the local anesthetic solution with different puncture approaches may 

explain these results. The QLB was described as an ultrasound-guide “posterior” TAP 

block13, which approximates the double-pop TAP technique at the lumbar triangle14. 

However, the QLB and TAP blocks were essentially different because the QLB was 

superficial to the TAP and its aponeurosis. The QLB and TFPB seemed to be two 

different names for the same posterior pararenal space block15. However, the QLB and 

TFPB involved totally different approaches and patient positioning. What’s more, the 

TFPB was continuous with the plane of the lumbar plexus and developed to block the 

lateral cutaneous branches of the T12 and L1 nerves which were commonly missed in the 

Page 13 of 33

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on M
arch 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-038992 on 4 F

ebruary 2021. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

13

TAP block. The distribution of QLB was similar to that of a paravertebral block12,16. A 

cadaveric study showed that the dye of the anesthetic in a QL block spread into the 

thoracic paravertebral space and the intercostal spaces to surround the somatic nerves and 

the thoracic sympathetic trunk, but not the lumbar plexus, femoral nerve, or lumbar 

sympathetic trunk17. Therefore, the spreading pattern of local anesthetics may differ at 

different sites around the QL (Figure 3), which may be the explanation for the different 

analgesic profile obtained by the two nerve block techniques.

A further advantage of the TFPB was that satisfactory views was more easily 

captured with a high-frequency ultrasound probe than QLB with a curvilinear 

low-frequency ultrasound probe.

Variable concentrations and volumes of local anesthetic in regard to each regional 

nerve block were reported. However, there was no current guideline about the injection 

dosage of a local anesthetic in QLB and TFPB, especially for pediatric patients. 

Ahiskalioglu et al.18 demonstrated that QLB provided effective postoperative analgesia 

for congenital hip dislocation surgeries at a dose of 0.25% bupivacaine at 0.5 mLkg-1. 

Aksu et al.19 performed the QLB by using 0.25% bupivacaine at a dose of 0.5  mLkg-1 

(maximum volume of approximately 20 mL) in pediatric patients undergoing lower 

abdominal surgeries. The psoas compartment block using 0.25% ropivacaine with 

epinephrine at a dose of 0.5 mL · kg-1 or 1 mLkg-1 lengthened the duration of 

postoperative analgesia and decreased the cumulative dose of morphine in small children 
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undergoing open hip reduction/osteotomies7. Eastburn et al.20 reported the successful use 

of 0.2% ropivacaine at a dose of 0.5 mL·kg-1 (maximum volume of approximately 40 mL) 

in older children and adolescents undergoing hip arthroscopy. Based on our preliminary 

study, we found that QLB and TFPB worked in a dose-dependent manner. Ropivacaine 

(0.2%) at dose of 0.8 mL·kg-1 was superior to the dose of 0.5 mL·kg-1. A review21 about 

QLB showed that at least 20 mL of the local anesthetic at one site may be required. Thus, 

0.25% ropivacaine at 0.8 mL · kg-1 (maximum volume of approximately 25 mL) was 

chosen in this study.

There were still some limitations. First, the number of female pediatric patients was 

significantly greater than that of the male in the QLB and TFPB groups, while not in the 

control group. However, our statistical results had been corrected by gender. Second, the 

ipsilateral spread of local anesthetic was not evaluated with magnetic resonance imaging 

or computed tomography scans in this study. 

CONCLUSION

In conclusion, ultrasound-guided QLB and TFPB provided similarly adequate 

postoperative analgesia in children with DDH undergoing open reduction surgeries. With 

superior in the use of NCA/PCA pump, we preferred to recommend that TFPB technique 

was much more beneficial to recovery in pediatric patients.
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Tables

Table 1 Demographic characteristics and basic surgical data

Control (n=30) QLB (n=30) TFPB (n=30)

Age(year) 5.0(4.0-7.0) 4.50(2.0-8.0) 6.0(3.0-7.0)

BMI (kg·cm-2) 16.0(14.7-18.4) 16.6(14.9-18.5) 16.0(14.7-18.5)

Gender

       Male 14(46.67%) 4(13.33%) 7(23.33%)

       Female 16(53.33%) 26(86.67%) 23(76.67%)

ASA

       I 26(86.7%) 25(83.3%) 28(93.3%)

       II 4(13.3%) 5(16.7%) 2(6.7%)

Time between nerve block and incision(min) NA 20.0(17.0-24.0) 18.0(14.0-23.0)

Operation time(min) 167.5(150.0-200.0) 180.0(152.0-205.0) 172.5(130.0-210.0)
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† Continuous data were showed as median (IQR). Classified data were showed as rate. Abbreviations: BMI: Body Mass Index; ASA, American Statistical 
Association score; QLB, quadratus lumborum block; TFPB, transversalis fascia plane block.

Table 2 Pain intensity at rest and at movement by using FLACC (mean ± SD)

TYPE Ⅲ GEE Analysis
FLACC

QLB
(n=30)

TFPB
(n=30)

Control
(n=30) Source Chi-Square P value

Rest PACU 0.47(0.73) 0.03(0.18) 2.27(1.08) group 32.47 <0.0001*

2h 0.53(0.82) 0.03(0.18) 2.63(1.40) Time 0.36 <0.0001*

4h 0.23(0.50) 0.17(0.53) 3.07(1.41) Group*Time 47.56 <0.0001*

8h 0.80(1.00) 0.57(0.90) 3.93(1.66) Gender 0.36 0.5460

12h 1.07(1.31) 0.73(1.08) 4.23(2.10) QLB vs. TFPB 4.21 0.0402

24h 0.67(0.71) 0.33(0.66) 2.50(1.93) QLB vs. control 28.59 <0.0001*

48 h 0.10(0.40) 0.17(0.46) 0.83(1.09) TFPB vs. control 34.83 <0.0001*

Movement group 34.31 <0.0001*

2h 0.67(0.92) 0.13(0.43) 3.17(1.51) Time 63.19 <0.0001*

4h 0.50(0.86) 0.30(0.84) 3.90(1.47) Group*Time 39.91 <0.0001*

8h 1.37(1.45) 1.03(1.50) 5.47(1.78) Gender 1.33 0.2488
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12h 1.93(1.82) 1.47(1.80) 5.73(2.05) QLB vs. TFPB 4.68 0.0306

24h 1.60(1.25) 0.97(1.25) 3.73(2.03) QLB vs control 29.83 <0.0001*
48h 0.67(0.92) 0.37(0.81) 2.03(1.38) TFPB vs control 36.38 <0.0001*

Data are showed as mean ± SD. * means statistically significant. Abbreviations: FLACC: Scores of Face, Legs, Activity, Cry and Consolability; PACU: 
postanaesthesia care unit; QLB, quadratus lumborum block; TFPB, transversalis fascia plane block.

Table 3 Perioperative analgesic consumption and short-term outcomes 
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Variables QLB TFPB control
Statistics and

P value
post hoc test

Statistics and

P value

QLB vs TFP
Z=-0.4657
P=0.6414

QLB vs control
Z=-1.0719
P=0.2838

Intra-operative opioid 
(μg·kg-1)

45.2(35.5-52.6) 47.7(35.5-62.0) 52.0(38.9-58.0)
H=0.9525
P=0.6211

TFP vs control
Z=-0.2587
P=0.7958

QLB vs TFP
Z=-0.9671
P=0.3335

QLB vs control
Z=-4.0223
P<.0001*

PACU fentanyl 
(μg·kg-1) 

0.00(0.00-0.43) 0.00(0.00-0.87) 0.83(0.77-0.91)
H=16.4930
P=0.0003*

TFP vs control
Z=-2.5647
P=0.0103*

PACU fentanyl rate QLB vs TFP
2=0.2871
P=0.5921

No 20(66.67%) 18(60.00%) 5(16.67%) QLB vs control
2=15.4286
P<.0001*

Yes 10(33.33%) 12(40.00%) 25(83.33%)

2=17.7239
P=0.0001*

TFP vs control
2=11.9154
P=0.0006*
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Variables QLB TFPB control
Statistics and

P value
post hoc test

Statistics and

P value

QLB vs TFP
Z=-0.2382
P=0.8117

QLB vs control
Z=-4.6822
P<.0001*

morphine as rescue 
analgesia

(μg·kg-1·48h) 
0.0(0.0-0.0) 0.0(0.0-0.0) 75.0(50-150)

H=34.2590
P<.0001*

TFP vs control
Z=-4.7552
P=<.0001*

QLB vs TFPB
Z=-3.3093
P=0.0009*

QLB vs control
Z=3.8914
P<.0001*

The time until first 
press NCA/PCA 

pump (h) 
6.0(2.0-16.0) 16.0(10.0-48.0) 2.00(1.0-4.0)

H=42.7590
P<.0001*

TFP vs control
Z=6.1636

P=<.0001*

QLB vs TFPB
Z=2.5393

P=0.0111*

QLB vs control
Z=-4.3733
P<.0001*

The total count 
number of pressing 
NCA/PCA pump

4.0(2.0-5.0) 1.5(0.0-3.0) 9.0(5.0-12.0)
H=35.2526
P<.0001*

TFPB vs control
Z=-5.2705
P=<.0001*
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Variables QLB TFPB control
Statistics and

P value
post hoc test

Statistics and

P value

QLB vs TFPB
Z=-3.1385
P=0.0017*

QLB vs control
Z=-6.4762
P<.0001*

PACU stay (min) 25.0(20.0-30.0) 30.0(30.0-50.0) 55.0(45.0-60.0)
H=47.0495
P<.0001*

TFPB vs control
Z=-4.2932
P=<.0001*

QLB vs TFPB
Z=1.2309
P=0.2184

QLB vs control
Z=-1.4275
P=0.1534

Hospital stay (day) 12.0(11.0-13.0) 12.0(10.0-13.0) 12.0(12.0-14.0)
H=5.9377
P=0.0514

TFPB vs control
Z=-2.2874
P=0.0222

QLB vs TFPB
Z=-0.8111
P=0.4173

QLB vs control
Z=4.2256
P<.0001*

Parental satisfaction 
score (0-10) 

8.0(7.0-9.0) 8.0(8.0-9.0) 6.0(6.0-7.0)
H=26.6644
P<.0001*

TFPB vs control
Z=4.5602

P=<.0001*
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† Continuous data were showed as median (IQR). Classified data were showed as rate. * means statistically significant. Abbreviations: PCA: patient controlled 
analgesia; PACU: postanaesthesia care unit; QLB: quadratus lumborum block; TFPB: transversalis fascia plane block.
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Figure Captions

Figure 1. Ultrasonic images

1-1 A: The ultrasound image of QLB illustrates the osseous structure and muscular 

structure, which seems like a “Shamrock”. The triangular quadratus lumborum (QL, red 

dash line) muscle is adherent to the apex of the transverse process (TP, white dash line) 

of vertebral body. B: The needle (white arrow) penetrates the QL muscle with an in-plane 

approach from the posterior side of the ultrasound probe. ES: erector spinae; PM: psoas 

major; LA: local anesthetic (yellow dash line). 

1-2 A: An ultrasound image of the external oblique (EO), the internal oblique (IO) and 

the transversus abdominis (TA) tapering off posteriorly into their common aponeurosis 

adjacent to the quadratus lumborum (QL, red dash line). Transversalis fascia (the orange 

shadow) is deep in the aponeurosis of the TA muscle and right against the peritoneum.  

B: The needle tip (white arrow) is positioned just in the Transversalis fascia (the orange 

shadow). LA: local anesthetic (yellow dash line)

Figure 2. A Consort flow diagram of this study

Figure 3. Transverse diagram of TFPB and QLB 

The course of the subcostal nerve (SCN) is indicated, including the lateral cutaneous 

branch (LCB) and the anterior cutaneous branch (ACB). The needle (N-TFPB) passing 

T

A
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through anterolateral abdominal wall to posterior abdominal wall can be showed clear 

and pointed to lumbar vertebrae(L3) closely above the peritoneum (P). The location of 

the local anesthetic (LA-TFPB) across the anterior surface of the quadratus lumborum 

(QL) and behind the transversalis fascia (TF) is shown. The needle (N-QLB) penetrated 

the quadratus lumborum (QL) from back. The target point (LA-QLB) is the inter-fascial 

plane between the QL and the psoas major (PM) muscle just deep to the transversalis 

fascia (TF). LP= Lumbar plexus rectus abdominis (R), erector spinae (ES), psoas (PM), 

transversus abdominis (TA), internal oblique (IO), and external oblique (EO).
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Ultrasonic images：1-1 A: The ultrasound image of QLB illustrates the osseous structure and muscular 
structure, which seems like a “Shamrock”. The triangular quadratus lumborum (QL, red dash line) muscle is 
adherent to the apex of the transverse process (TP, white dash line) of vertebral body. B: The needle (white 
arrow) penetrates the QL muscle with an in-plane approach from the posterior side of the ultrasound probe. 

ES: erector spinae; PM: psoas major; LA: local anesthetic (yellow dash line). 
1-2 A: An ultrasound image of the external oblique (EO), the internal oblique (IO) and the transversus 

abdominis (TA) tapering off posteriorly into their common aponeurosis adjacent to the quadratus lumborum 
(QL, red dash line). Transversalis fascia (the orange shadow) is deep in the aponeurosis of the TA muscle 
and right against the peritoneum.  B: The needle tip (white arrow) is positioned just in the Transversalis 

fascia (the orange shadow). LA: local anesthetic (yellow dash line)
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A Consort flow diagram of this study 
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Transverse diagram of TFPB and QLB：The course of the subcostal nerve (SCN) is indicated, including the 
lateral cutaneous branch (LCB) and the anterior cutaneous branch (ACB). The needle (N-TFPB) passing 

through anterolateral abdominal wall to posterior abdominal wall can be showed clear and pointed to lumbar 
vertebrae(L3) closely above the peritoneum (P). The location of the local anesthetic (LA-TFPB) across the 
anterior surface of the quadratus lumborum (QL) and behind the transversalis fascia (TF) is shown. The 

needle (N-QLB) penetrated the quadratus lumborum (QL) from back. The target point (LA-QLB) is the inter-
fascial plane between the QL and the psoas major (PM) muscle just deep to the transversalis fascia (TF). 
LP= Lumbar plexus rectus abdominis (R), erector spinae (ES), psoas (PM), transversus abdominis (TA), 

internal oblique (IO), and external oblique (EO). 
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CONSORT 2010 checklist Page 1

CONSORT 2010 checklist of information to include when reporting a randomised trial*

Section/Topic
Item 
No Checklist item

Reported 
on page No

Title and abstract
1a Identification as a randomised trial in the title 1
1b Structured summary of trial design, methods, results, and conclusions (for specific guidance see CONSORT for abstracts) 2-3

Introduction
2a Scientific background and explanation of rationale 4-5Background and 

objectives 2b Specific objectives or hypotheses 4-5

Methods
3a Description of trial design (such as parallel, factorial) including allocation ratio 5Trial design
3b Important changes to methods after trial commencement (such as eligibility criteria), with reasons NA
4a Eligibility criteria for participants 6Participants
4b Settings and locations where the data were collected 6

Interventions 5 The interventions for each group with sufficient details to allow replication, including how and when they were 
actually administered

7-8

6a Completely defined pre-specified primary and secondary outcome measures, including how and when they 
were assessed

9Outcomes

6b Any changes to trial outcomes after the trial commenced, with reasons NA
7a How sample size was determined 6Sample size
7b When applicable, explanation of any interim analyses and stopping guidelines NA

Randomisation:
8a Method used to generate the random allocation sequence 7 Sequence 

generation 8b Type of randomisation; details of any restriction (such as blocking and block size) 7
 Allocation 

concealment 
mechanism

9 Mechanism used to implement the random allocation sequence (such as sequentially numbered containers), 
describing any steps taken to conceal the sequence until interventions were assigned

7

 Implementation 10 Who generated the random allocation sequence, who enrolled participants, and who assigned participants to 
interventions

7

Blinding 11a If done, who was blinded after assignment to interventions (for example, participants, care providers, those 7
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CONSORT 2010 checklist Page 2

assessing outcomes) and how
11b If relevant, description of the similarity of interventions NA
12a Statistical methods used to compare groups for primary and secondary outcomes 9Statistical methods
12b Methods for additional analyses, such as subgroup analyses and adjusted analyses 9

Results
13a For each group, the numbers of participants who were randomly assigned, received intended treatment, and 

were analysed for the primary outcome
10Participant flow (a 

diagram is strongly 
recommended) 13b For each group, losses and exclusions after randomisation, together with reasons 10

14a Dates defining the periods of recruitment and follow-up 10Recruitment
14b Why the trial ended or was stopped 10

Baseline data 15 A table showing baseline demographic and clinical characteristics for each group 20
Numbers analysed 16 For each group, number of participants (denominator) included in each analysis and whether the analysis was 

by original assigned groups
10

17a For each primary and secondary outcome, results for each group, and the estimated effect size and its 
precision (such as 95% confidence interval)

10-11
23-26

Outcomes and 
estimation

17b For binary outcomes, presentation of both absolute and relative effect sizes is recommended NA
Ancillary analyses 18 Results of any other analyses performed, including subgroup analyses and adjusted analyses, distinguishing 

pre-specified from exploratory
21-22

Harms 19 All important harms or unintended effects in each group (for specific guidance see CONSORT for harms) NA

Discussion
Limitations 20 Trial limitations, addressing sources of potential bias, imprecision, and, if relevant, multiplicity of analyses 14
Generalisability 21 Generalisability (external validity, applicability) of the trial findings 11
Interpretation 22 Interpretation consistent with results, balancing benefits and harms, and considering other relevant evidence 12-14

Other information
Registration 23 Registration number and name of trial registry 16
Protocol 24 Where the full trial protocol can be accessed, if available 16
Funding 25 Sources of funding and other support (such as supply of drugs), role of funders 16

*We strongly recommend reading this statement in conjunction with the CONSORT 2010 Explanation and Elaboration for important clarifications on all the items. If relevant, we also 
recommend reading CONSORT extensions for cluster randomised trials, non-inferiority and equivalence trials, non-pharmacological treatments, herbal interventions, and pragmatic trials. 
Additional extensions are forthcoming: for those and for up to date references relevant to this checklist, see www.consort-statement.org.

Page 34 of 33

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on M
arch 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-038992 on 4 F

ebruary 2021. D
ow

nloaded from
 

http://www.consort-statement.org
http://bmjopen.bmj.com/


For peer review only
Postoperative analgesic effects of the quadratus lumborum 
block-III and transversalis fascia plane block in paediatric 

patients with developmental dysplasia of the hip 
undergoing open reduction surgeries: A double-blinded 

randomized controlled trial

Journal: BMJ Open

Manuscript ID bmjopen-2020-038992.R1

Article Type: Original research

Date Submitted by the 
Author: 29-Oct-2020

Complete List of Authors: HUANG, CONGCONG; Jinan Central Hospital Affiliated to Shandong 
University, Department of Pain Management; Wenzhou Medical 
University Second Affiliated Hospital, Department of Anesthesiology and 
Perioperative Care,
Zhang, xiaoguang; Beijing Jishuitan Hospital, Department of 
Anesthesiology
Dong, chaoxuan;  the First Affiliated Hospital of Jinan University and 
Guangzhou Overseas Chinese Hospital, Department of Anesthesiology
Lian, Chunwei; The Second Affiliated Hospital and Yuying Children's 
Hospital of Wenzhou Medical University, Department of Anesthesiology 
and Perioperative Care,
Li, Jun; The Second Affiliated Hospital & Yuying Children hospital of 
Wenzhou Medical University, Department of Anesthesiology
yu, lingzhi; Jinan Central Hospital Affiliated to Shandong University

<b>Primary Subject 
Heading</b>: Anaesthesia

Secondary Subject Heading: Paediatrics

Keywords:
Paediatric anaesthesia < ANAESTHETICS, Paediatric plastic & 
reconstructive surgery < PAEDIATRIC SURGERY, PAIN MANAGEMENT, 
Ultrasound < RADIOLOGY & IMAGING

 

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open
 on M

arch 20, 2024 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2020-038992 on 4 F
ebruary 2021. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review only
I, the Submitting Author has the right to grant and does grant on behalf of all authors of the Work (as defined 
in the below author licence), an exclusive licence and/or a non-exclusive licence for contributions from authors 
who are: i) UK Crown employees; ii) where BMJ has agreed a CC-BY licence shall apply, and/or iii) in accordance 
with the terms applicable for US Federal Government officers or employees acting as part of their official 
duties; on a worldwide, perpetual, irrevocable, royalty-free basis to BMJ Publishing Group Ltd (“BMJ”) its 
licensees and where the relevant Journal is co-owned by BMJ to the co-owners of the Journal, to publish the 
Work in this journal and any other BMJ products and to exploit all rights, as set out in our licence.

The Submitting Author accepts and understands that any supply made under these terms is made by BMJ to 
the Submitting Author unless you are acting as an employee on behalf of your employer or a postgraduate 
student of an affiliated institution which is paying any applicable article publishing charge (“APC”) for Open 
Access articles. Where the Submitting Author wishes to make the Work available on an Open Access basis (and 
intends to pay the relevant APC), the terms of reuse of such Open Access shall be governed by a Creative 
Commons licence – details of these licences and which Creative Commons licence will apply to this Work are set 
out in our licence referred to above. 

Other than as permitted in any relevant BMJ Author’s Self Archiving Policies, I confirm this Work has not been 
accepted for publication elsewhere, is not being considered for publication elsewhere and does not duplicate 
material already published. I confirm all authors consent to publication of this Work and authorise the granting 
of this licence. 

Page 1 of 34

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on M
arch 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-038992 on 4 F

ebruary 2021. D
ow

nloaded from
 

https://authors.bmj.com/wp-content/uploads/2018/11/BMJ_Journals_Combined_Author_Licence_2018.pdf
http://creativecommons.org/
http://bmjopen.bmj.com/


For peer review only

1

Postoperative analgesic effects of the quadratus lumborum block-III and 

transversalis fascia plane block in paediatric patients with developmental dysplasia 

of the hip undergoing open reduction surgeries: A double-blinded randomized 
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ABSTRACT:

Objective: To evaluate the analgesic effectiveness of two novel regional nerve blocks in 

paediatric patients with developmental dysplasia of the hip (DDH) after open reduction 

surgeries. 

Design: Prospective, double-blinded, randomized controlled trial.

Setting: 2 tertiary teaching hospitals in China between August 2017 and July 2018.

Participants: 110 paediatric patients aged 2–10 years with DDH undergoing open 

reduction surgeries were recruited, 95 were randomized, and 90 were included in the final 

analysis.

Interventions: Random assignment to quadratus lumborum block-III (QLB-III) group, 

transversalis fascia plane block (TFPB) group and the control (no region nerve block) 

group.

Primary and secondary outcome measures: The primary outcome was the face, legs, 

activity, cry, and consolability (FLACC) scale scores. Secondary outcomes included 

perioperative opioid consumption, the time until first press of nurse-controlled 

analgesia/patient-controlled analgesia (NCA/PCA) pump and the total counts number of 

pressing, length of post-anaesthesia care unit (PACU) stay, length of hospital stay, 

parental satisfaction with pain management, and adverse events.

Results Mean FLACC scores were significantly lower in QLB-III group and TFPB group 

while in the PACU and for 48 hours postoperatively, compared with control group(P < 
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0.0001, P < 0.0001,respectively). No differences were found for FLACC scores between 

QLB-III group and TFPB group, neither at rest (P = 0.0402) nor while posture changing 

(P = 0.0306). TFPB prolonged the first-time request for NCA/PCA analgesia, and 

decreased the total number of pressing counts, comparing to QLB-III (22.5[16.2-28.7] vs 

11.7[6.6-16.8], P < 0.0001; 2.4[1.3-3.6] vs 3.8[2.8-4.8], P = 0.0111, respectively). No 

patient experienced any adverse events.

Conclusions: We suggested that both ultrasound-guided QLB-III and TFPB should be 

considered as an option for perioperative analgesia in children with DDH undergoing 

open reduction surgeries. TFPB was superior to the QLB-III because it prolonged the 

first-time request for NCA/PCA analgesia and decreased the total counts number of 

pressing.

Trial registration number: NCT03189966/2017.

Keywords: paediatric anaesthesia; paediatric plastic & reconstructive surgery; pain 

management; ultrasound

Strengths and limitations of this study:

The first time to evaluate the analgesic effectiveness of two novel regional nerve blocks 

for hip arthroplasty in peadiatric patients with DDH.

Patients were randomized, allocation was concealed and the assessor was blinded in two 

centers of China.
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Investigated the different characteristics of QLB-III and TFPB which were two similar 

but different techniques.

Wider implementation of these techniques is recommended to confirm results in a 

broader population. 

Limitations of this study was the lack of visualized evidence of local anesthetic diffusion.

INTRODUCTION

    Open hip surgery for DDH in peadiatric patients led to extensive injuries and severe 

pain1. Multimodal analgesia was required to deal with postoperative pain and to prevent 

undesirable side effects such as sedation, nausea, vomiting, and constipation. 

 Caudal extradural anaesthesia (CEA)2,3,4,5 and lumbar plexus block (LPB)1,3,6 were 

still the most common regional anaesthesia techniques for perioperative analgesia in 

children undergoing open hip surgeries. Sometimes peadiatric anesthesiologists hesitated 

to choose CEA and LPB because of potential complications such as intravascular and 

intrathecal injection, urine retention, convulsions, retroperitoneal hemorrhage or renal 

puncture 7,8,9. 

Some novel techniques of regional anaesthesia were explored. The quadratus 

lumborum block (QLB) uses the quadratus lumborum muscle (QLM) as its principal 

sonographic landmark. There were three approaches of QLB10, namely QLB-I, QLB-II 

and QLB-III. The classification was based on the direction of needle insertion and the 

spread of local anaesthetic (anterior, lateral or posterior to the QLM). Various approaches 
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QLB have been used to alleviate pain after hip surgery 11,12,13. The TFPB was first 

described by Hebbard 14, in which the endpoint of injection was deep to the muscular tip 

of transversus abdominis muscle rather than the aponeurosis of  transversus abdominis 

muscle / internal oblique muscle. TFPB targeted nerves anatomically between the LPB 

and the transversus abdominis plane (TAP) block. Previous studies of TFPB 

demonstrated that it provided effective analgesia for anterior iliac crest bone graft 

harvesting15 and improved the coverage of the proximal surgical incisions used for hip 

surgery 16,17. 

Choice of approach may affect success of QLB, despite accurate needle placement. 

The aim of this study was to investigate the efficacy and safety of ultrasound-guided 

(US-guided) QLB-III and TFPB for perioperative analgesia in children with DDH during 

the first 48h undergoing open hip surgeries.

METHODS

The study was a prospective, randomized, double-blinded controlled trial. We applied the 

consolidated standards of reporting trials (CONSORT) guidelines. This trial was 

approved by the Ethics Committee of Beijing Jishuitan Hospital (NO.2017-2) and the 

Second Affiliated Hospital of Wenzhou Medical University (NO.2016-18), and registered 

at http://www.clinicaltrials.gov, NCT03189966/2017. Written informed consents were 

obtained from all patients’ guardians.

Participants
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This study was conducted at Beijing Jishuitan Hospital and the Second Affiliated 

Hospital of Wenzhou Medical University between August 2017 and July 2018. Enrolled 

patients aged 2-10 years with American Society of Anaesthesiologists (ASA) physical 

status I or II who underwent a salter acetabular osteotomy combined with proximal 

femoral rotation osteotomy. Patients allergic to local anesthetics or who had a mental 

disability that precluded the administration of the FLACC scale, peripheral neuropathy, 

coagulopathy disorders, localized infection in the area, or any reason cause reoperation 

were excluded from the study.

Sample size

To estimate the group size, a pilot study was conducted for measuring the FLACC pain 

score at 12 h after surgery (7 patients in each group). We hypothesized that either 

QLB-III or TFPB could provide adequate pain relief when compared to the control and 

expected the capability to show a difference of 2 in the FLACC pain score at 12 h after 

surgery between any intervention group and the control group. The sample size 

calculation based on superiority test for two means with 90% power and 5% level of 

significance, 25 patients per group will be needed. Considering a compliance rate of 80 %, 

we asked 90 patients to participate in this study. 

Randomization and blinding 

The enrolled patients were randomly divided into three groups using 

computer-generated randomized numbers which enclosed in a sealed opaque envelope 
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and kept by a research coordinator. The designed member prepared local anaesthetic (LA) 

labeled “trial drug” in accordance with the allocation sequence and participated in the 

trial only at this stage. All of the procedures were performed by a single operator who 

was not blinded to the type of reginal block. Anesthesiologists were blinded to the study 

group. Each patient was assessed by a blinded PACU nurse observer and a blinded ward 

nurse observer, both trained to evaluate the outcomes.

Interventions

While in the operation room, all patients were monitored with heart rate (HR), mean 

blood pressure (MBP), nasopharyngeal temperature, and peripheral oxygen saturation 

(SpO2). General anaesthesia (GA) was induced by intravenously administering propofol 

3 mg·kg-1, fentanyl 2 μg·kg-1, and cis-atracurium 0.2 mg·kg-1. GA was maintained with 

remifentanil at 0.15–0.2 μg · kg-1 · min-1 and 2%–3% sevoflurane. All the blocks were 

performed after intubation before onset of surgery under ultrasound guidance (FUJIFILM 

SonoSite, Inc., Bothell, WA, USA). The patients in the control group only received GA 

without any nerve block. 

The QLB-III was performed with the patient in a lateral position. A curvilinear 

low-frequency, 5-2 MHz, 30 cm linear array ultrasound probe (C60xp; FUJIFILM 

SonoSite, Inc., Bothell, WA, USA) was placed transversely at the posterior axillary line 

between the iliac crest and the costal margin. After QL muscle, PM muscle, ES and L3 

transverse process were identified by the “Shamrock view” method18,19, a 22-gauge, 
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100-mm needle penetrated the QL muscle with an in-plane approach from the posterior 

side of the ultrasound probe. The target endpoint was the interfascial plane between the 

QL and the psoas major muscle just deep to the transversalis fascia (Figure 1-1). After 

ensuring negative aspiration of blood, 0.3% of ropivacaine at 0.8 mL · kg-1 was 

administered.

The TFPB was performed at the supine position. A high-frequency, 15-6 MHz, 6 cm, 

linear array probe (HFL50xp; FUJIFILM SonoSite, Inc., Bothell, WA, USA) was placed 

transversely over the lateral abdomen between the iliac crest and the costal margin. After 

the external oblique, internal oblique, transversus abdominis muscle and QL muscle were 

identified. A 22-gauge, 100-mm needle was advanced from the anterior using an in-plane 

technique and passed through the posterior “tail” of the transversus muscle14,20,21. After 

passing through the deep surface of transversus abdominis muscle, local anesthetic was 

injected to separate the transversalis fascia from the transversus muscle (Figure 1-2). 

After ensuring negative aspiration of blood, 0.3% of ropivacaine at 0.8 mL · kg-1 was 

injected. 

Postoperative pain control was provided by a nurse-controlled analgesia (NCA) / 

patient-controlled analgesia (PCA) infusions of sufentanil (2 μg·kg-1) for 48h.  

Paracetamol (po, 15 mg·kg-1 ) was routinely administered postoperatively every 6 h for 

48h. The pain was measured by the assessors with the FLACC scale.11 If a pain score was 

>3, the patient in the PACU would receive fentanyl (iv,1 μg·kg-1), while in the surgical 
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ward morphine (iv,0.05 mg·kg-1) was administered. Satisfaction from all patients’ 

guardians were surveyed with regard to the postoperative analgesia of their children at 

the time of the NCA/PCA pump removal. 

Outcomes

Primary outcome was the FLACC score of patients in the PACU and at 2h, 4h, 8h, 

12h, 24h, 48h postoperatively. Secondary outcomes included intraoperative MBP and HR 

at the endpoints of Salter acetabular osteotomy(T1), femoral rotation osteotomy (T2), and 

anterior superior iliac spine osteotomy (T3) during the surgery; intraoperative opioid 

consumption (i.e., fentanyl and remifentanil); duration of the surgery; postoperative 

fentanyl consumption in the PACU, postoperative morphine consumption in the ward; the 

length of PACU stay; the time until first press of NCA/PCA pump and the total counts 

number of pressing the pump; length of hospital stay; complications (e.g., immediate 

complications such as vessel puncture and possible undesirable effects such as 

hypotension, bradycardia, epidural local anesthetic spread, or postoperative nausea and 

vomiting). 

Statistical analysis

Data were presented as mean with 95% confidence interval (95% CI) for continuous 

variables and counts with percentages for categorical variables. For the normally 

distributed variables, one-way analysis of variance was used for comparisons in three 

groups. For the not normally distributed data, Kruskal-Wallis test was adopted for 
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analyzing the differences in three groups. Intergroup comparisons were adjusted using the 

Bonferroni test and P value below 0.0167 to denote statistical significance. Generalized 

Estimation Equation (GEE) analysis for the FLACC scores among three groups, due to 

the pain intensity was a dynamic response value in the whole procedure. A P value less 

than 0.05 was considered statistically significant. Statistical analyses were performed 

using SPSS Statistics for Windows version 11(Chicago: SPSS Inc.; 2001).

Patient and Public Involvement

Participants were not involved in the setting the research question, designing and 

conducting or interpretation of the research, but anesthesiologists identified the research 

question and outcomes from informal discussions with patients’ guardians. The burden of 

the intervention assessed by patients’ guardians and researchers.

Results

One-hundred and ten patients were approached to participate, with 95 agreed and 

were eligible and 90 were included in the final analysis. A flow diagram of this study was 

shown in Figure 2. Demographic data were shown in Table 1.

Intraoperative period

There were no statistically significant differences among three groups with regard to 

HR, MBP and SpO2 before skin incision (P > 0.05). The MBP and HR were significantly 

higher in the control group than in the other groups at T1, T2 and T3 (all P < 0.05). There 

were no significant differences in fentanyl and remifentanil requirements among three 

groups during intraoperative periods (P = 0.6211).
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Postoperative period

The time asking for first NCA/PCA analgesia in TFPB group was significantly 

longer than in QLB-III group (P < 0.0001) and control group (P < 0.0001). The total 

counts number of pressing the NCA/PCA pump in TFPB group was significantly less 

than in QLB-III group (P =0.011) and control group (P < 0.0001).

The FLACC scores in control group were significantly higher than those in the other 

groups (P < 0.05), while no significant difference was observed between QLB-III group 

and TFPB group (Table 2). Compared to control group, the consumption for 

postoperative analgesics (fentanyl and morphine) significantly decreased and parental 

satisfaction scores significantly increased in the other groups (P < 0.05), while no 

significant difference was observed between QLB-III group and TFPB group. (Table 3).

The length of PACU stay in QLB-III group was significantly shorter than in TFPB 

group (P = 0.0017) and control group (P < 0.0001), while the length of hospital stay in 

TFPB group was significantly shorter than in control group (P < 0.0001). No adverse 

events were observed among three groups.

DISCUSSION

To the best of our knowledge, it was the first study to assess the analgesic effects of 

QLB-III and TFPB in peadiatric patients with DDH. In this study, we found that QLB-III 

and TFPB similarly relieved the pain, decreased the consumption of additional analgesics, 

shortened the PACU stay and improved the parental satisfaction. 
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The efficacy of the QLB in hip surgery is supported by case reports11, 14， 22，23 and 

RCTs12，24,25，26，27. QLB-III is a modified approach which was described by Børglum et 

al18, in which the needle was advanced in a posterior-to-anterior direction to reach the 

anterior (ventral) surface of QLM. The primary mechanism of action proposed for the 

QLB was local anesthetic spread to the paravertebral space spread28,29,30, 31,32,33. L. 

Carline et al. 34 demonstrated the stained regions after QLB-III spread consistently to L1 

and L3 nerve roots, subcostal nerves and within psoas major and quadratus lumborum 

muscles34，including ilioinguinal (II), iliohypogastric (IH), LFC, genitofemoral and 

obturator nerves. Other recent cadaveric studies of the US-guided QLB-III 35 ,28 showed 

that the dye solution spread to subcostal, IH, LFC, obturator nerves consistently or in a 

varying degree. 

Most surgical incisions for hip surgery are located in the proximity of the greater 

trochanter of the femur. The cutaneous innervation of the area includes at a minimum the  

LFC36 and the lateral cutaneous branches (LCB) from the IH and subcostal nerves16. The 

LCB from the T12 and L1 nerves (including II, IH and subcostal nerves) can be 

anesthetized by a TFPB16,14. Meanwhile TFPB combined with LFC nerve block 

significantly increased the coverage of hip surgery incisions compared to LFC nerve 

block alone. Another small retrospective pilot study suggested that the TFPB provided 

effective analgesia for anterior iliac crest bone graft  harvesting15.
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It was interesting to note that TFPB provided a more effective block than QLB-III, 

indicated by a longer time asking for the first press of NCA/PCA pump analgesic and less 

total counts number of pressing the pump. The diffusion of the local anesthetic solution 

with different puncture approaches may explain these results (Figure 3). The endpoint of 

TFPB results in more localized spread, specifically targeting the LCB from II, IH and 

subcostal nerves where they run deep to TAM before ascending into the TAP10,16 and 

potentially longer lasting of analgesia. The other reason was the transversalis fascia is 

continuous to the tissue plane deep to the fascia iliacus, which incidentally houses the 

femoral nerve37. However, two cadaveric studies of the QLB-III claimed that no dye was 

seen to surround femoral nerve28,35. Therefore, the higher successful rate of femoral nerve 

blockage in TFPB than QLB-III was another potential mechanism. Further cadaveric 

study about TFPB will hopefully provide some clarity. Moreover, it was easier for TFPB 

to get satisfactory quality of ultra-sonographic visualization than QLB-III in the clinical 

setting.

There were still some limitations. First, the number of female peadiatric patients was 

significantly greater than that of the male in the QLB-III and TFPB groups, while not in 

the control group. However, our statistical results had been corrected by gender. Second, 

we didn’t performe pinprick or cold tests to determine sensorial block distribution, cause 

it was not allowed for peadiatric patient. Third, the study was lack of visualized evidence 

of local anesthetic diffusion. 
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CONCLUSION

In conclusion, ultrasound-guided QLB-III and TFPB provided similarly adequate 

postoperative analgesia in children with DDH undergoing open reduction surgeries. With 

superior in the use of NCA/PCA pump, we recommended TFPB technique which was 

much more beneficial to recovery in peadiatric patients.
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i. Table 1 Demographic characteristics and basic surgical data(mean [ 95% confidence interval])

Control (n=30) QLB-III (n=30) TFPB (n=30) P  value

Age(year) 5.3[4.5-6.2] 5.1[4.0-6.3] 5.5[4.5-6.5] 0.7369

BMI (kg·cm-2) 16.5[15.5-17.7] 16.9[16.0-17.8] 16.9[15.7-18.1] 0.8882

Gender 0.0126

       Male 14(46.67%) 4(13.33%) 7(23.33%)

       Female 16(53.33%) 26(86.67%) 23(76.67%)

ASA 0.484

       I 26(86.7%) 25(83.3%) 28(93.3%)

       II 4(13.3%) 5(16.7%) 2(6.7%)

Time between nerve block and incision(min) NA 20.3[18.5-22.1] 19.0[16.9-21.1] 0.2269

Operation time(min) 182[159-205] 188[169-208] 184[160-207] 0.6403

† Continuous data were showed as mean [95% confidence interval]. Classified data were showed as rate. Abbreviations: BMI: Body Mass Index; ASA, 
American Statistical Association score; QLB-III, quadratus lumborum block; TFPB, transversalis fascia plane block.
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Table 2 Pain intensity at rest and at movement by using FLACC in preselected time points (mean [ 95% confidence interval])

Control
(n=30)

TYPE Ⅲ GEE Analysis
FLACC

QLB-III
(n=30)

TFPB
(n=30)

Source Chi-Square P value

Rest PACU 0.5 [0.2-0.7] 0.0[0.0-0.1] 2.3[1.9-2.7] group 32.47 <0.0001*

2h 0.5[0.2-0.8] 0.0[0.0-0.1] 2.6[2.1-3.2] Time 0.36 <0.0001*

4h 0.2[0.1-0.4] 0.2[-0.0-0.4] 3.1[2.5-3.6] Group*Time 47.56 <0.0001*

8h 0.8[0.4-1.2] 0.6[0.2-0.9] 3.9[3.3-4.5] Gender 0.36 0.5460

12h 1.1[0.6-1.6] 0.7[0.3-1.1] 4.2[3.5-5.0] QLB-III vs. TFPB 4.21 0.0402

24h 0.7[0.4-0.9] 0.3[0.1-0.6] 2.5[1.8-3.2] QLB-III vs. control 28.59 <0.0001*

48 h 0.1[-0.1-0.3] 0.2[0.0-0.3] 0.8[0.4-1.2] TFPB vs. control 34.83 <0.0001*

Movement group 34.31 <0.0001*

2h 0.7[0.3-1.0] 0.1[0.0-0.3] 3.2[2.6-3.3] Time 63.19 <0.0001*

4h 0.5[0.2-0.8] 0.3[0.0 -0.6] 3.9[3.4-4.5] Group*Time 39.91 <0.0001*

8h 1.4[0.8-1.9] 1.0[0.5-1.6] 5.5[4.8-6.1] Gender 1.33 0.2488

12h 1.9[1.3-2.6] 1.5[0.8-2.1] 5.7[5.0-6.5] QLB-III vs. TFPB 4.68 0.0306
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24h 1.6[1.1-2.1] 1.0[0.5-1.4] 3.7[3.0-4.5] QLB-III vs control 29.83 <0.0001*
48h 0.7[0.3-1.0] 0.4[0.1-0.7] 2.0[1.5-2.5] TFPB vs control 36.38 <0.0001*

 Data are showed as mean [95% confidence interval]. * means statistically significant. Abbreviations: FLACC: Scores of Face, Legs, Activity, Cry and 
Consolability; PACU: postanaesthesia care unit; QLB-III, quadratus lumborum block; TFPB, transversalis fascia plane block.

Table 3 Perioperative analgesic consumption and short-term outcomes (mean [ 95% confidence interval] or percentage (%))

Variables QLB-III TFPB control
Statistics and

P value
post hoc test

Statistics and

P value

QLB-III vs TFP
Z=-0.4657
P=0.6414

QLB-III vs control
Z=-1.0719
P=0.2838

Intra-operative opioid 
(μg·kg-1)

46.6[40.8-52.5] 48.9[43.5-54.3] 49.2[44.3-54.1]
H=0.9525
P=0.6211

TFP vs control
Z=-0.2587
P=0.7958

QLB-III vs TFP
Z=-0.9671
P=0.3335PACU fentanyl 

(μg·kg-1) 
0.23[0.10-0.37] 0.36[0.19-0.53] 0.72[0.60-0.85]

H=16.4930
P=0.0003*

QLB-III vs control
Z=-4.0223
P<.0001*

Page 24 of 34

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on M
arch 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-038992 on 4 F

ebruary 2021. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

24

TFP vs control
Z=-2.5647
P=0.0103*

PACU fentanyl rate QLB-III vs TFP
2=0.2871
P=0.5921

No 20(66.67%) 18(60.00%) 5(16.67%) QLB-III vs control
2=15.4286
P<.0001*

Yes 10(33.33%) 12(40.00%) 25(83.33%)

2=17.7239
P=0.0001*

TFP vs control
2=11.9154
P=0.0006*

QLB-III vs TFP
Z=-0.2382
P=0.8117

QLB-III vs control
Z=-4.6822
P<.0001*

morphine as rescue 
analgesia

(mg·kg-1·48h) 
0.01(-0.00-0.03) 0.01[-0.00-0.02] 0.09[0.06-0.12]

H=34.2590
P<.0001*

TFP vs control
Z=-4.7552
P=<.0001*

QLB-III vs TFPB
Z=-3.3093
P=0.0009*

QLB-III vs control
Z=3.8914
P<.0001*

The time until first 
press NCA/PCA 

pump (h) 
11.7[6.6-16.8] 22.5[16.2-28.7] 2.9[1.8-4.0]

H=42.7590
P<.0001*

TFP vs control
Z=6.1636

P=<.0001*
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QLB-III vs TFPB
Z=2.5393

P=0.0111*

QLB-III vs control
Z=-4.3733
P<.0001*

The total counts 
number of pressing 
NCA/PCA pump

3.8[2.8-4.8] 2.4[1.3-3.6] 11.7[5.5-17.9]
H=35.2526
P<.0001*

TFPB vs control
Z=-5.2705
P=<.0001*

QLB-III vs TFPB
Z=-3.1385
P=0.0017*

QLB-III vs control
Z=-6.4762
P<.0001*

PACU stay (min) 26.6[24.0-29.2] 37.4[32.0-42.8] 58.0[51.6-64.4]
H=47.0495
P<.0001*

TFPB vs control
Z=-4.2932
P=<.0001*

QLB-III vs TFPB
Z=1.2309
P=0.2184

QLB-III vs control
Z=-1.4275
P=0.1534

Hospital stay (day) 12.0[11.6-12.4] 11.4[10.7-12.1] 12.6[12.0-13.2]
H=5.9377
P=0.0514

TFPB vs control
Z=-2.2874
P=0.0222

Parental satisfaction 
score (0-10) 

8.1[7.7-8.5] 8.3[7.9-8.7] 6.6[6.1-7.1]
H=26.6644
P<.0001*

QLB-III vs TFPB
Z=-0.8111
P=0.4173
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† Continuous data were showed as mean [95% confidence interval]. Classified data were showed as rate. * means statistically significant. Abbreviations: PCA: 
patient controlled analgesia; PACU: postanaesthesia care unit; QLB: quadratus lumborum block; TFPB: transversalis fascia plane block.

QLB-III vs control
Z=4.2256
P<.0001*

TFPB vs control
Z=4.5602

P=<.0001*
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ii. Figure Captions

Figure 1. Ultrasonic images showing the ultrasound guided QLB-III and TFPB

1-1 A: The ultrasound image of QLB-III illustrates the osseous structure and muscular 

structure, which seems like a “Shamrock”. The triangular quadratus lumborum (QL, red 

dash line) muscle is adherent to the apex of the transverse process (TP, white dash line) 

of vertebral body. B: The needle (white arrow) penetrates the QL muscle with an in-plane 

approach from the posterior side of the ultrasound probe. ES: erector spinae; PM: psoas 

major; LA: local anesthetic (yellow dash line). 

1-2 A: An ultrasound image of the external oblique (EO), the internal oblique (IO) and 

the transversus abdominis (TA) tapering off posteriorly into their common aponeurosis 

adjacent to the quadratus lumborum (QL, red dash line). Transversalis fascia (the orange 

shadow) is deep in the aponeurosis of the TA muscle and right against the peritoneum.  

B: The needle tip (white arrow) is positioned just in the Transversalis fascia (the orange 

shadow). LA: local anesthetic (yellow dash line)

Figure 2. A Consort flow diagram of this study

A standard flow diagram shows all steps of this clinical trial. 

Figure 3. Transverse diagram of TFPB and QLB-III 

T

A
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The course of the subcostal nerve (SCN) is indicated, including the lateral cutaneous 

branch (LCB) and the anterior cutaneous branch (ACB). The needle (N-TFPB) passing 

through anterolateral abdominal wall to posterior abdominal wall can be showed clear 

and pointed to lumbar vertebrae(L3) closely above the peritoneum (P). The location of 

the local anesthetic (LA-TFPB) across the anterior surface of the quadratus lumborum 

(QL) and behind the transversalis fascia (TF) is shown. The needle (N-QLB-III) 

penetrated the quadratus lumborum (QL) from back. The target point (LA-QLB-III) is the 

inter-fascial plane between the QL and the PM muscle just deep to the transversalis fascia 

(TF). LP= Lumbar plexus rectus abdominis (R), erector spinae (ES), psoas major (PM) 

muscle, transversus abdominis (TA), internal oblique (IO), and external oblique (EO).
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Ultrasonic images：1-1 A: The ultrasound image of QLB illustrates the osseous structure and muscular 
structure, which seems like a “Shamrock”. The triangular quadratus lumborum (QL, red dash line) muscle is 
adherent to the apex of the transverse process (TP, white dash line) of vertebral body. B: The needle (white 
arrow) penetrates the QL muscle with an in-plane approach from the posterior side of the ultrasound probe. 

ES: erector spinae; PM: psoas major; LA: local anesthetic (yellow dash line). 
1-2 A: An ultrasound image of the external oblique (EO), the internal oblique (IO) and the transversus 

abdominis (TA) tapering off posteriorly into their common aponeurosis adjacent to the quadratus lumborum 
(QL, red dash line). Transversalis fascia (the orange shadow) is deep in the aponeurosis of the TA muscle 
and right against the peritoneum.  B: The needle tip (white arrow) is positioned just in the Transversalis 

fascia (the orange shadow). LA: local anesthetic (yellow dash line)
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A Consort flow diagram of this study 
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Caption : Transverse diagram of TFPB and QLB：The course of the subcostal nerve (SCN) is indicated, 
including the lateral cutaneous branch (LCB) and the anterior cutaneous branch (ACB). The needle (N-TFPB) 
passing through anterolateral abdominal wall to posterior abdominal wall can be showed clear and pointed 
to lumbar vertebrae(L3) closely above the peritoneum (P). The location of the local anesthetic (LA-TFPB) 
across the anterior surface of the quadratus lumborum (QL) and behind the transversalis fascia (TF) is 

shown. The needle (N-QLB) penetrated the quadratus lumborum (QL) from back. The target point (LA-QLB) 
is the inter-fascial plane between the QL and the psoas major (PM) muscle just deep to the transversalis 

fascia (TF). LP= Lumbar plexus rectus abdominis (R), erector spinae (ES), psoas (PM), transversus 
abdominis (TA), internal oblique (IO), and external oblique (EO). 

368x278mm (150 x 150 DPI) 
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CONSORT 2010 checklist of information to include when reporting a randomised trial*

Section/Topic
Item 
No Checklist item

Reported 
on page No

Title and abstract
1a Identification as a randomised trial in the title 1
1b Structured summary of trial design, methods, results, and conclusions (for specific guidance see CONSORT for abstracts) 2-4

Introduction
2a Scientific background and explanation of rationale 4-5Background and 

objectives 2b Specific objectives or hypotheses 4-5

Methods
3a Description of trial design (such as parallel, factorial) including allocation ratio 5Trial design
3b Important changes to methods after trial commencement (such as eligibility criteria), with reasons NA
4a Eligibility criteria for participants 5-6Participants
4b Settings and locations where the data were collected 6

Interventions 5 The interventions for each group with sufficient details to allow replication, including how and when they were 
actually administered

7-9

6a Completely defined pre-specified primary and secondary outcome measures, including how and when they 
were assessed

9Outcomes

6b Any changes to trial outcomes after the trial commenced, with reasons NA
7a How sample size was determined 6Sample size
7b When applicable, explanation of any interim analyses and stopping guidelines NA

Randomisation:
8a Method used to generate the random allocation sequence 6-7 Sequence 

generation 8b Type of randomisation; details of any restriction (such as blocking and block size) 6-7
 Allocation 

concealment 
mechanism

9 Mechanism used to implement the random allocation sequence (such as sequentially numbered containers), 
describing any steps taken to conceal the sequence until interventions were assigned

6-7

 Implementation 10 Who generated the random allocation sequence, who enrolled participants, and who assigned participants to 
interventions

6-7

Blinding 11a If done, who was blinded after assignment to interventions (for example, participants, care providers, those 6-7
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assessing outcomes) and how
11b If relevant, description of the similarity of interventions NA
12a Statistical methods used to compare groups for primary and secondary outcomes 9-10Statistical methods
12b Methods for additional analyses, such as subgroup analyses and adjusted analyses 9-10

Results
13a For each group, the numbers of participants who were randomly assigned, received intended treatment, and 

were analysed for the primary outcome
10-11Participant flow (a 

diagram is strongly 
recommended) 13b For each group, losses and exclusions after randomisation, together with reasons 10-11

14a Dates defining the periods of recruitment and follow-up 10-11Recruitment
14b Why the trial ended or was stopped 10-11

Baseline data 15 A table showing baseline demographic and clinical characteristics for each group 21
Numbers analysed 16 For each group, number of participants (denominator) included in each analysis and whether the analysis was 

by original assigned groups
10

17a For each primary and secondary outcome, results for each group, and the estimated effect size and its 
precision (such as 95% confidence interval)

10-11
21-26

Outcomes and 
estimation

17b For binary outcomes, presentation of both absolute and relative effect sizes is recommended NA
Ancillary analyses 18 Results of any other analyses performed, including subgroup analyses and adjusted analyses, distinguishing 

pre-specified from exploratory
10-11

Harms 19 All important harms or unintended effects in each group (for specific guidance see CONSORT for harms) NA

Discussion
Limitations 20 Trial limitations, addressing sources of potential bias, imprecision, and, if relevant, multiplicity of analyses 13
Generalisability 21 Generalisability (external validity, applicability) of the trial findings 12
Interpretation 22 Interpretation consistent with results, balancing benefits and harms, and considering other relevant evidence 12-13

Other information
Registration 23 Registration number and name of trial registry 14
Protocol 24 Where the full trial protocol can be accessed, if available 14
Funding 25 Sources of funding and other support (such as supply of drugs), role of funders 14-15

*We strongly recommend reading this statement in conjunction with the CONSORT 2010 Explanation and Elaboration for important clarifications on all the items. If relevant, we also 
recommend reading CONSORT extensions for cluster randomised trials, non-inferiority and equivalence trials, non-pharmacological treatments, herbal interventions, and pragmatic trials. 
Additional extensions are forthcoming: for those and for up to date references relevant to this checklist, see www.consort-statement.org.
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Postoperative analgesic effects of the quadratus lumborum block-III and 

transversalis fascia plane block in paediatric patients with developmental dysplasia 
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ABSTRACT:

Objective: To evaluate the analgesic effectiveness of two novel regional nerve blocks in 

paediatric patients with developmental dysplasia of the hip (DDH) after open reduction 

surgeries. 

Design: Prospective, double-blinded, randomized controlled trial.

Setting: 2 tertiary teaching hospitals in China between August 2017 and July 2018.

Participants: 110 paediatric patients aged 2–10 years with DDH undergoing open 

reduction surgeries were recruited, 95 were randomized, and 90 were included in the final 

analysis.

Interventions: Random assignment to quadratus lumborum block-III (QLB-III) group, 

transversalis fascia plane block (TFPB) group and the control (no region nerve block) 

group.

Primary and secondary outcome measures: The primary outcome was the face, legs, 

activity, cry, and consolability (FLACC) scale scores. Secondary outcomes included 

perioperative opioid consumption, the time until first press of nurse-controlled 

analgesia/patient-controlled analgesia (NCA/PCA) pump and the total counts number of 

pressing, length of post-anaesthesia care unit (PACU) stay, length of hospital stay, 

parental satisfaction with pain management, and adverse events.

Results Mean FLACC scores were significantly lower in QLB-III group and TFPB group 

while in the PACU and for 48 hours postoperatively, compared with control group (P < 
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0.0001, P < 0.0001, respectively). No differences were found for FLACC scores between 

QLB-III group and TFPB group, neither at rest (P = 0.0402) nor while posture changing 

(P = 0.0306). TFPB prolonged the first-time request for NCA/PCA analgesia, and 

decreased the total number of pressing counts, comparing to QLB-III (22.5[16.2-28.7] vs 

11.7[6.6-16.8], P < 0.0001; 2.4[1.3-3.6] vs 3.8[2.8-4.8], P = 0.0111, respectively). No 

patient experienced any adverse events.

Conclusions: We suggested that both ultrasound-guided QLB-III and TFPB should be 

considered as an option for perioperative analgesia in children with DDH undergoing 

open reduction surgeries. TFPB was superior to the QLB-III because it prolonged the 

first-time request for NCA/PCA analgesia and decreased the total counts number of 

pressing.

Trial registration number: NCT03189966/2017.

Keywords: paediatric anaesthesia; paediatric plastic & reconstructive surgery; pain 

management; ultrasound

Strengths and limitations of this study:

The first time to evaluate the analgesic effectiveness of two novel regional nerve blocks 

for hip arthroplasty in peadiatric patients with DDH.

Patients were randomized, allocation was concealed, and the assessor was blinded in two 

centers of China.
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Investigated the different characteristics of QLB-III and TFPB which were two similar 

but different techniques.

Wider implementation of these techniques is recommended to confirm results in a 

broader population. 

Limitations of this study was the lack of visualized evidence of local anesthetic diffusion.

INTRODUCTION

    Open hip surgery for DDH in peadiatric patients led to extensive injuries and severe 

pain1. Multimodal analgesia was required to deal with postoperative pain and to prevent 

undesirable side effects such as sedation, nausea, vomiting, and constipation. 

 Caudal extradural anaesthesia (CEA)2,3,4 , and lumbar plexus block (LPB)1,3,5 were 

still the most common regional anaesthesia techniques for perioperative analgesia in 

children undergoing open hip surgeries. Sometimes peadiatric anesthesiologists hesitated 

to choose CEA and LPB because of potential complications such as intravascular and 

intrathecal injection, urine retention, convulsions, retroperitoneal hemorrhage or renal 

puncture 4,6,7. 

Some novel techniques of regional anaesthesia were explored. The quadratus 

lumborum block (QLB) uses the quadratus lumborum muscle (QLM) as its principal 

sonographic landmark. There were three approaches of QLB8, namely QLB-I, QLB-II 

and QLB-III. The classification was based on the direction of needle insertion and the 

spread of local anaesthetic (anterior, lateral or posterior to the QLM). Various approaches 
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QLB have been used to alleviate pain after hip surgery 9,10,11. The TFPB was first 

described by Hebbard 12, in which the endpoint of injection was deep to the muscular tip 

of transversus abdominis muscle rather than the aponeurosis of  transversus abdominis 

muscle / internal oblique muscle. TFPB targeted nerves anatomically between the LPB 

and the transversus abdominis plane (TAP) block. Previous studies of TFPB 

demonstrated that it provided effective analgesia for anterior iliac crest bone graft 

harvesting13 and improved the coverage of the proximal surgical incisions used for hip 

surgery 14,15. 

Choice of approach may affect success of QLB, despite accurate needle placement. 

The aim of this study was to investigate the efficacy and safety of ultrasound-guided 

(US-guided) QLB-III and TFPB for perioperative analgesia in children with DDH during 

the first 48h undergoing open hip surgeries.

METHODS

The study was a prospective, randomized, double-blinded controlled trial. We applied the 

consolidated standards of reporting trials (CONSORT) guidelines. This trial was 

approved by the Ethics Committee of Beijing Jishuitan Hospital (NO.2017-2) and the 

Second Affiliated Hospital of Wenzhou Medical University (NO.2016-18), and registered 

at http://www.clinicaltrials.gov, NCT03189966/2017. Written informed consents were 

obtained from all patients’ guardians.

Participants
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This study was conducted at Beijing Jishuitan Hospital and the Second Affiliated 

Hospital of Wenzhou Medical University between August 2017 and July 2018. Enrolled 

patients aged 2-10 years with American Society of Anaesthesiologists (ASA) physical 

status I or II who underwent a salter acetabular osteotomy combined with proximal 

femoral rotation osteotomy. Patients allergic to local anesthetics or who had a mental 

disability that precluded the administration of the FLACC scale, peripheral neuropathy, 

coagulopathy disorders, localized infection in the area, or any reason cause reoperation 

were excluded from the study.

Sample size

To estimate the group size, a pilot study was conducted for measuring the FLACC pain 

score at 12 h after surgery (7 patients in each group). We hypothesized that either 

QLB-III or TFPB could provide adequate pain relief when compared to the control and 

expected the capability to show a difference of 2 in the FLACC pain score at 12 h after 

surgery between any intervention group and the control group. The sample size 

calculation based on superiority test for two means with 90% power and 5% level of 

significance, 25 patients per group will be needed. Considering a compliance rate of 80 %, 

we asked 90 patients to participate in this study (supplementary file). 

Randomization and blinding 

The enrolled patients were randomly divided into three groups using 

computer-generated randomized numbers which enclosed in a sealed opaque envelope 
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and kept by a research coordinator. The designed member prepared local anaesthetic (LA) 

labeled “trial drug” in accordance with the allocation sequence and participated in the 

trial only at this stage. All of the procedures were performed by a single operator who 

was not blinded to the type of reginal block. Anesthesiologists were blinded to the study 

groups. Each patient was assessed by a blinded PACU nurse observer and a blinded ward 

nurse observer, both trained to evaluate the outcomes.

Interventions

While in the operation room, all patients were monitored with heart rate (HR), mean 

blood pressure (MBP), nasopharyngeal temperature, and peripheral oxygen saturation 

(SpO2). General anaesthesia (GA) was induced by intravenously administering propofol 

3 mg·kg-1, fentanyl 2 μg·kg-1, and cis-atracurium 0.2 mg·kg-1. GA was maintained with 

remifentanil at 0.15–0.2 μg · kg-1 · min-1 and 2%–3% sevoflurane. All the blocks were 

performed after intubation before onset of surgery under ultrasound guidance (FUJIFILM 

SonoSite, Inc., Bothell, WA, USA). The patients in the control group only received GA 

without any nerve block. 

The QLB-III was performed with the patient in a lateral position. A curvilinear 

low-frequency, 5-2 MHz, 30 cm linear array ultrasound probe (C60xp; FUJIFILM 

SonoSite, Inc., Bothell, WA, USA) was placed transversely at the posterior axillary line 

between the iliac crest and the costal margin. After QLM, psoas major (PM) muscle, 

erector spinae (ES) and L3 transverse process were identified by the “Shamrock view” 
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method16,17, a 22-gauge, 100-mm needle penetrated the QLM with an in-plane approach 

from the posterior side of the ultrasound probe. The target endpoint was the interfascial 

plane between the QL and PM muscle just deep to the transversalis fascia (Figure 1-1). 

After ensuring negative aspiration of blood, 0.3% of ropivacaine at 0.8 mL · kg-1 was 

administered.

The TFPB was performed at the supine position. A high-frequency, 15-6 MHz, 6 cm, 

linear array probe (HFL50xp; FUJIFILM SonoSite, Inc., Bothell, WA, USA) was placed 

transversely over the lateral abdomen between the iliac crest and the costal margin. After 

the external oblique, internal oblique, transversus abdominis muscle and QLM were 

identified. A 22-gauge, 100-mm needle was advanced from the anterior using an in-plane 

technique and passed through the posterior “tail” of the transversus muscle12,18,19. After 

passing through the deep surface of transversus abdominis muscle, local anesthetic was 

injected to separate the transversalis fascia from the transversus muscle (Figure 1-2). 

After ensuring negative aspiration of blood, 0.3% of ropivacaine at 0.8 mL · kg-1 was 

injected. 

Postoperative pain control was provided by a nurse-controlled analgesia (NCA) / 

patient-controlled analgesia (PCA) infusions of sufentanil (2 μg·kg-1) for 48h.  

Paracetamol (po, 15 mg·kg-1 ) was routinely administered postoperatively every 6 h for 

48h. The pain was measured by the assessors with the FLACC scale.11 If a pain score was 

>3, the patient in the PACU would receive fentanyl (iv, 1 μg·kg-1), while in the surgical 
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ward morphine (iv, 0.05 mg·kg-1) was administered. Satisfaction from all patients’ 

guardians were surveyed with regard to the postoperative analgesia of their children at 

the time of the NCA/PCA pump removal. 

Outcomes

Primary outcome was the FLACC scores of patients in the PACU and at 2h, 4h, 8h, 

12h, 24h, 48h postoperatively. Secondary outcomes included intraoperative MBP and HR 

at the endpoints of Salter acetabular osteotomy (T1), femoral rotation osteotomy (T2), 

and anterior superior iliac spine osteotomy (T3) during the surgery; intraoperative opioid 

consumption (remifentanil was converted into fentanyl equivalents);  duration of the 

surgery; postoperative fentanyl consumption in the PACU, postoperative morphine 

consumption in the ward; the length of PACU stay; the time until first press of NCA/PCA 

pump and the total counts number of pressing the pump; length of hospital stay; 

complications (e.g., immediate complications such as vessel puncture and possible 

undesirable effects such as hypotension, bradycardia, epidural local anesthetic spread, or 

postoperative nausea and vomiting). 

Statistical analysis

Data were presented as mean with 95% confidence interval (95% CI) for continuous 

variables and counts with percentages for categorical variables. For the normally 

distributed variables, one-way analysis of variance was used for comparisons in three 

groups. For the not normally distributed data, Kruskal-Wallis test was adopted for 
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analyzing the differences in three groups. Intergroup comparisons were adjusted using the 

Bonferroni test and P value below 0.0167 to denote statistical significance. Generalized 

Estimation Equation (GEE) analysis for the FLACC scores among three groups, due to 

the pain intensity was a dynamic response value in the whole procedure. A P value less 

than 0.05 was considered statistically significant. Statistical analyses were performed 

using SPSS Statistics for Windows version 11(Chicago: SPSS Inc.; 2001).

Patient and Public Involvement

Participants were not involved in the setting the research question, designing and 

conducting or interpretation of the research, but anesthesiologists identified the research 

question and outcomes from informal discussions with patients’ guardians. The burden of 

the intervention assessed by patients’ guardians and researchers.

Results

One-hundred and ten patients were approached to participate, with 95 agreed and 

were eligible and 90 were included in the final analysis. A flow diagram of this study was 

shown in Figure 2. Demographic data were shown in Table 1.

Intraoperative period

There were no statistically significant differences among three groups with regard to 

HR, MBP and SpO2 before skin incision (P > 0.05). The MBP and HR were significantly 

higher in the control group than in the other groups at T1, T2 and T3 (all P < 0.05). There 

were no significant differences in fentanyl and remifentanil requirements among three 

groups during intraoperative periods (P = 0.6211). (Table 2)
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Postoperative period

The time asking for first NCA/PCA analgesia in TFPB group was significantly 

longer than in QLB-III group (P < 0.0001) and control group (P < 0.0001). The total 

counts number of pressing the NCA/PCA pump in TFPB group was significantly less 

than in QLB-III group (P = 0.011) and control group (P < 0.0001). (Table 3)

The FLACC scores in control group were significantly higher than those in the other 

groups (P < 0.05), while no significant difference was observed between QLB-III group 

and TFPB group (Table 2). Compared to control group, the consumption for 

postoperative analgesics (both fentanyl consumption in PACU and morphine as rescue 

analgesia in ward) significantly decreased and parental satisfaction scores significantly 

increased in the other groups (P < 0.05), while no significant difference was observed 

between QLB-III group and TFPB group (Table 3).

The length of PACU stay in QLB-III group was significantly shorter than in TFPB 

group (P = 0.0017) and control group (P < 0.0001), while the length of hospital stay in 

TFPB group was significantly shorter than in control group (P < 0.0001) (Table 3). No 

adverse events were observed among three groups.

DISCUSSION

To the best of our knowledge, it was the first study to assess the analgesic effects of 

QLB-III and TFPB in peadiatric patients with DDH. In this study, we found that QLB-III 
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and TFPB similarly relieved the pain, decreased the consumption of additional analgesics, 

shortened the PACU stay and improved the parental satisfaction. 

The efficacy of the QLB in hip surgery is supported by case reports9, 14, 20, 21 and 

RCTs10, 22, 23, 24, 25. QLB-III is a modified approach which was described by Børglum et 

al16, in which the needle was advanced in a posterior-to-anterior direction to reach the 

anterior (ventral) surface of QLM. The primary mechanism of action proposed for the 

QLB was local anesthetic spread to the paravertebral space spread26, 27, 28, 29, 30, 31. L. 

Carline et al. 32 demonstrated the stained regions after QLB-III spread consistently to L1 

and L3 nerve roots, subcostal nerves and within psoas major and QLM32，including 

ilioinguinal (II), iliohypogastric (IH),  lateral femoral cutaneous (LFC), genitofemoral 

and obturator nerves. Other recent cadaveric studies of the US-guided QLB-III  26, 33 

showed that the dye solution spread to subcostal, IH, LFC, obturator nerves consistently 

or in a varying degree. 

Most surgical incisions for hip surgery are located in the proximity of the greater 

trochanter of the femur. The cutaneous innervation of the area includes at a minimum the  

LFC34 and the lateral cutaneous branches (LCB) from the IH and subcostal nerves14. The 

LCB from the T12 and L1 nerves (including II, IH and subcostal nerves) can be 

anesthetized by a TFPB12,14. Meanwhile TFPB combined with LFC nerve block 

significantly increased the coverage of hip surgery incisions compared to LFC nerve 
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block alone. Another small retrospective pilot study suggested that the TFPB provided 

effective analgesia for anterior iliac crest bone graft  harvesting13.

It was interesting to note that TFPB provided a more effective block than QLB-III, 

indicated by a longer time asking for the first press of NCA/PCA pump analgesic and less 

total counts number of pressing the pump. The diffusion of the local anesthetic solution 

with different puncture approaches may explain these results (Figure 3). The endpoint of 

TFPB results in more localized spread, specifically targeting the LCB from II, IH and 

subcostal nerves where they run deep to transversus abdominis muscle before ascending 

into the TAP8, 14 and potentially longer lasting of analgesia. The other reason was the 

transversalis fascia is continuous to the tissue plane deep to the fascia iliacus, which 

incidentally houses the femoral nerve35. However, two cadaveric studies of the QLB-III 

claimed that no dye was seen to surround femoral nerve26,33. Therefore, the higher 

successful rate of femoral nerve blockage in TFPB than QLB-III was another potential 

mechanism. Further cadaveric study about TFPB will hopefully provide some clarity. 

Moreover, it was easier for TFPB to get satisfactory quality of ultra-sonographic 

visualization than QLB-III in the clinical setting.

There were still some limitations. First, the number of female peadiatric patients was 

significantly greater than that of the male in the QLB-III and TFPB groups, while not in 

the control group. The statistical results had been corrected by gender. Second, we didn’t 
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performe pinprick or cold tests to determine sensorial block distribution, cause it was not 

allowed for peadiatric patient. Third, the study was lack of visualized evidence of local 

anesthetic diffusion. 

CONCLUSION

In conclusion, US-guided QLB-III and TFPB provided similarly adequate postoperative 

analgesia in children with DDH undergoing open reduction surgeries. We recommended 

TFPB technique which resulted in a longer-lasting analgesic effect postoperatively and 

was much more beneficial to recovery in peadiatric patients as compared with QLB-III.
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i. Table 1 Demographic characteristics and basic surgical data(mean [ 95% confidence interval])

Control (n=30) QLB-III (n=30) TFPB (n=30) P  value

Age(year) 5.3[4.5-6.2] 5.1[4.0-6.3] 5.5[4.5-6.5] 0.7369

BMI (kg·cm-2) 16.5[15.5-17.7] 16.9[16.0-17.8] 16.9[15.7-18.1] 0.8882

Gender 0.0126

       Male 14(46.67%) 4(13.33%) 7(23.33%)

       Female 16(53.33%) 26(86.67%) 23(76.67%)

ASA 0.484

       I 26(86.7%) 25(83.3%) 28(93.3%)

       II 4(13.3%) 5(16.7%) 2(6.7%)

Time between nerve block and incision(min) NA 20.3[18.5-22.1] 19.0[16.9-21.1] 0.2269

Operation time(min) 182[159-205] 188[169-208] 184[160-207] 0.6403

† Continuous data were showed as mean [95% confidence interval]. Classified data were showed as rate. Abbreviations: BMI: Body Mass Index; ASA, 
American Statistical Association score; QLB-III, quadratus lumborum block; TFPB, transversalis fascia plane block.
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Table 2 Pain intensity at rest and at movement by using FLACC in preselected time points (mean [ 95% confidence interval])

Control
(n=30)

TYPE Ⅲ GEE Analysis
FLACC

QLB-III
(n=30)

TFPB
(n=30)

Source Chi-Square P value

Rest PACU 0.5 [0.2-0.7] 0.0[0.0-0.1] 2.3[1.9-2.7] group 32.47 <0.0001*

2h 0.5[0.2-0.8] 0.0[0.0-0.1] 2.6[2.1-3.2] Time 0.36 <0.0001*

4h 0.2[0.1-0.4] 0.2[-0.0-0.4] 3.1[2.5-3.6] Group*Time 47.56 <0.0001*

8h 0.8[0.4-1.2] 0.6[0.2-0.9] 3.9[3.3-4.5] Gender 0.36 0.5460

12h 1.1[0.6-1.6] 0.7[0.3-1.1] 4.2[3.5-5.0] QLB-III vs. TFPB 4.21 0.0402

24h 0.7[0.4-0.9] 0.3[0.1-0.6] 2.5[1.8-3.2] QLB-III vs. control 28.59 <0.0001*

48 h 0.1[-0.1-0.3] 0.2[0.0-0.3] 0.8[0.4-1.2] TFPB vs. control 34.83 <0.0001*

Movement group 34.31 <0.0001*

2h 0.7[0.3-1.0] 0.1[0.0-0.3] 3.2[2.6-3.3] Time 63.19 <0.0001*

4h 0.5[0.2-0.8] 0.3[0.0 -0.6] 3.9[3.4-4.5] Group*Time 39.91 <0.0001*

8h 1.4[0.8-1.9] 1.0[0.5-1.6] 5.5[4.8-6.1] Gender 1.33 0.2488

12h 1.9[1.3-2.6] 1.5[0.8-2.1] 5.7[5.0-6.5] QLB-III vs. TFPB 4.68 0.0306
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24h 1.6[1.1-2.1] 1.0[0.5-1.4] 3.7[3.0-4.5] QLB-III vs control 29.83 <0.0001*
48h 0.7[0.3-1.0] 0.4[0.1-0.7] 2.0[1.5-2.5] TFPB vs control 36.38 <0.0001*

 Data are showed as mean [95% confidence interval]. * means statistically significant. Abbreviations: FLACC: Scores of Face, Legs, Activity, Cry and 
Consolability; PACU: postanaesthesia care unit; QLB-III, quadratus lumborum block; TFPB, transversalis fascia plane block.

Table 3 Perioperative analgesic consumption and short-term outcomes (mean [ 95% confidence interval] or percentage (%))

Variables QLB-III TFPB control
Statistics and

P value
post hoc test

Statistics and

P value

QLB-III vs TFP
Z=-0.4657
P=0.6414

QLB-III vs control
Z=-1.0719
P=0.2838

Intra-operative opioid 
(μg·kg-1)

46.6[40.8-52.5] 48.9[43.5-54.3] 49.2[44.3-54.1]
H=0.9525
P=0.6211

TFP vs control
Z=-0.2587
P=0.7958

QLB-III vs TFP
Z=-0.9671
P=0.3335fentanyl consumption 

in  PACU
(μg·kg-1) 

0.23[0.10-0.37] 0.36[0.19-0.53] 0.72[0.60-0.85]
H=16.4930
P=0.0003*

QLB-III vs control
Z=-4.0223
P<.0001*
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TFP vs control
Z=-2.5647
P=0.0103*

fentanyl rate in 
PACU

QLB-III vs TFP
2=0.2871
P=0.5921

No 20(66.67%) 18(60.00%) 5(16.67%) QLB-III vs control
2=15.4286
P<.0001*

Yes 10(33.33%) 12(40.00%) 25(83.33%)

2=17.7239
P=0.0001*

TFP vs control
2=11.9154
P=0.0006*

QLB-III vs TFP
Z=-0.2382
P=0.8117

QLB-III vs control
Z=-4.6822
P<.0001*

morphine as rescue 
analgesia in ward

(mg·kg-1·48h) 
0.01(-0.00-0.03) 0.01[-0.00-0.02] 0.09[0.06-0.12]

H=34.2590
P<.0001*

TFP vs control
Z=-4.7552
P=<.0001*

QLB-III vs TFPB
Z=-3.3093
P=0.0009*

QLB-III vs control
Z=3.8914
P<.0001*

The time until first 
press NCA/PCA 

pump (h) 
11.7[6.6-16.8] 22.5[16.2-28.7] 2.9[1.8-4.0]

H=42.7590
P<.0001*

TFP vs control
Z=6.1636

P=<.0001*
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QLB-III vs TFPB
Z=2.5393

P=0.0111*

QLB-III vs control
Z=-4.3733
P<.0001*

The total counts 
number of pressing 
NCA/PCA pump

3.8[2.8-4.8] 2.4[1.3-3.6] 11.7[5.5-17.9]
H=35.2526
P<.0001*

TFPB vs control
Z=-5.2705
P=<.0001*

QLB-III vs TFPB
Z=-3.1385
P=0.0017*

QLB-III vs control
Z=-6.4762
P<.0001*

PACU stay (min) 26.6[24.0-29.2] 37.4[32.0-42.8] 58.0[51.6-64.4]
H=47.0495
P<.0001*

TFPB vs control
Z=-4.2932
P=<.0001*

QLB-III vs TFPB
Z=1.2309
P=0.2184

QLB-III vs control
Z=-1.4275
P=0.1534

Hospital stay (day) 12.0[11.6-12.4] 11.4[10.7-12.1] 12.6[12.0-13.2]
H=5.9377
P=0.0514

TFPB vs control
Z=-2.2874
P=0.0222

Parental satisfaction 
score (0-10) 

8.1[7.7-8.5] 8.3[7.9-8.7] 6.6[6.1-7.1]
H=26.6644
P<.0001*

QLB-III vs TFPB
Z=-0.8111
P=0.4173
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† Continuous data were showed as mean [95% confidence interval]. Classified data were showed as rate. * means statistically significant. Abbreviations: PCA: 
patient controlled analgesia; PACU: postanaesthesia care unit; QLB: quadratus lumborum block; TFPB: transversalis fascia plane block.

QLB-III vs control
Z=4.2256
P<.0001*

TFPB vs control
Z=4.5602

P=<.0001*
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ii. Figure Captions

Figure 1. Ultrasonic images showing the ultrasound-guided QLB-III and TFPB

1-1 A: The ultrasound image of QLB-III illustrates the osseous structure and muscular 

structure, which seems like a “Shamrock”. The triangular quadratus lumborum (QL, red 

dash line) muscle is adherent to the apex of the transverse process (TP, white dash line) 

of vertebral body. B: The needle (white arrow) penetrates the QL muscle with an in-plane 

approach from the posterior side of the ultrasound probe. ES: erector spinae; PM: psoas 

major; LA: local anesthetic (yellow dash line). 

1-2 A: An ultrasound image of the external oblique (EO), the internal oblique (IO) and 

the transversus abdominis (TA) tapering off posteriorly into their common aponeurosis 

adjacent to the quadratus lumborum (QL, red dash line). Transversalis fascia (the orange 

shadow) is deep in the aponeurosis of the TA muscle and right against the peritoneum.  

B: The needle tip (white arrow) is positioned just in the Transversalis fascia (the orange 

shadow). LA: local anesthetic (yellow dash line)

Figure 2. A Consort flow diagram of this study

A standard flow diagram shows all steps of this clinical trial. 

Figure 3. Transverse diagram of TFPB and QLB-III 

T

A
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The course of the subcostal nerve (SCN) is indicated, including the lateral cutaneous 

branch (LCB) and the anterior cutaneous branch (ACB). The needle (N-TFPB) passing 

through anterolateral abdominal wall to posterior abdominal wall can be showed clear 

and pointed to lumbar vertebrae(L3) closely above the peritoneum (P). The location of 

the local anesthetic (LA-TFPB) across the anterior surface of the quadratus lumborum 

(QL) and behind the transversalis fascia (TF) is shown. The needle (N-QLB-III) 

penetrated the quadratus lumborum (QL) from back. The target point (LA-QLB-III) is the 

inter-fascial plane between the QL and the PM muscle just deep to the transversalis fascia 

(TF). LP= Lumbar plexus rectus abdominis (R), erector spinae (ES), psoas major (PM) 

muscle, transversus abdominis (TA), internal oblique (IO), and external oblique (EO).
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Figure 1 
Ultrasonic images：1-1 A: The ultrasound image of QLB illustrates the osseous structure and muscular 

structure, which seems like a “Shamrock”. The triangular quadratus lumborum (QL, red dash line) muscle is 
adherent to the apex of the transverse process (TP, white dash line) of vertebral body. B: The needle (white 
arrow) penetrates the QL muscle with an in-plane approach from the posterior side of the ultrasound probe. 

ES: erector spinae; PM: psoas major; LA: local anesthetic (yellow dash line). 
1-2 A: An ultrasound image of the external oblique (EO), the internal oblique (IO) and the transversus 

abdominis (TA) tapering off posteriorly into their common aponeurosis adjacent to the quadratus lumborum 
(QL, red dash line). Transversalis fascia (the orange shadow) is deep in the aponeurosis of the TA muscle 
and right against the peritoneum.  B: The needle tip (white arrow) is positioned just in the Transversalis 

fascia (the orange shadow). LA: local anesthetic (yellow dash line) 
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Figure 2 
A Consort flow diagram of this study 
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FIgure 3 
Caption : Transverse diagram of TFPB and QLB：The course of the subcostal nerve (SCN) is indicated, 

including the lateral cutaneous branch (LCB) and the anterior cutaneous branch (ACB). The needle (N-TFPB) 
passing through anterolateral abdominal wall to posterior abdominal wall can be showed clear and pointed 
to lumbar vertebrae(L3) closely above the peritoneum (P). The location of the local anesthetic (LA-TFPB) 
across the anterior surface of the quadratus lumborum (QL) and behind the transversalis fascia (TF) is 

shown. The needle (N-QLB) penetrated the quadratus lumborum (QL) from back. The target point (LA-QLB) 
is the inter-fascial plane between the QL and the psoas major (PM) muscle just deep to the transversalis 

fascia (TF). LP= Lumbar plexus rectus abdominis (R), erector spinae (ES), psoas (PM), transversus 
abdominis (TA), internal oblique (IO), and external oblique (EO). 
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SUPPLEMENTARY FILE 

 

To estimate the group size, a pilot study was conducted for measuring the FLACC pain 

score at 12 h after surgery (7 patients in each group). We hypothesised that either QLB-III 

or TFPB could provide adequate pain relief when compared to the control and expected 

the capability to show a difference of 2 in the FLACC pain score at 12 h after surgery 

between any intervention group and the control group. The sample size calculation based 

on superiority test for two means with 90% power and 5% level of significance, 25 patients 

per group will be needed. Considering a compliance rate of 80 %, we asked 90 patients to 

participate in this study. The sample size was calculated by PASS 11 software. 

 

Supplemental table: the FLACC score at 12h postoperatively(at rest) 

Control group QLB-III group TFPB group 

4 1 1 

5 3 2 

6 2 4 

6 3 1 

8 3 3 

7 2 2 

3 2 2 

 

Parameters assumption for calculating the sample size of superiority test for two means 

QLB vs Control Mean of QLB at 12h postoperatively Meanqlb=2.29 

 Mean of Con at 12h postoperatively Meancontrol=5.57 

 SD of QLB at 12h postoperatively SDqlb= 0.76 

 SD of Con at 12h postoperatively SDcontrol=1.72 

 Superiority Margin 2 

 α α=0.025 

 β β=0.90 

 Sample size of QLB and Con Nqlb=Ncontrol=25 

TFPB vs Control Mean of TFPB at 12h postoperatively Meantfpb=2.14 

 Mean of Con at 12h postoperatively Meancontrol=5.57 

 SD of TFPB at 12h postoperatively SDtfpb= 1.07 

 SD of Con at 12h postoperatively SDcontrol=1.72 

 Superiority Margin 2 

 α α=0.025 

 β β=0.90 

 Sample size of TFPB and Con Ntfpb=Ncontrol=23 
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CONSORT 2010 checklist Page 1

CONSORT 2010 checklist of information to include when reporting a randomised trial*

Section/Topic
Item 
No Checklist item

Reported 
on page No

Title and abstract
1a Identification as a randomised trial in the title 1
1b Structured summary of trial design, methods, results, and conclusions (for specific guidance see CONSORT for abstracts) 2-4

Introduction
2a Scientific background and explanation of rationale 4-5Background and 

objectives 2b Specific objectives or hypotheses 4-5

Methods
3a Description of trial design (such as parallel, factorial) including allocation ratio 5Trial design
3b Important changes to methods after trial commencement (such as eligibility criteria), with reasons NA
4a Eligibility criteria for participants 5-6Participants
4b Settings and locations where the data were collected 6

Interventions 5 The interventions for each group with sufficient details to allow replication, including how and when they were 
actually administered

7-9

6a Completely defined pre-specified primary and secondary outcome measures, including how and when they 
were assessed

9Outcomes

6b Any changes to trial outcomes after the trial commenced, with reasons NA
7a How sample size was determined 6Sample size
7b When applicable, explanation of any interim analyses and stopping guidelines NA

Randomisation:
8a Method used to generate the random allocation sequence 6-7 Sequence 

generation 8b Type of randomisation; details of any restriction (such as blocking and block size) 6-7
 Allocation 

concealment 
mechanism

9 Mechanism used to implement the random allocation sequence (such as sequentially numbered containers), 
describing any steps taken to conceal the sequence until interventions were assigned

6-7

 Implementation 10 Who generated the random allocation sequence, who enrolled participants, and who assigned participants to 
interventions

6-7

Blinding 11a If done, who was blinded after assignment to interventions (for example, participants, care providers, those 6-7
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CONSORT 2010 checklist Page 2

assessing outcomes) and how
11b If relevant, description of the similarity of interventions NA
12a Statistical methods used to compare groups for primary and secondary outcomes 9-10Statistical methods
12b Methods for additional analyses, such as subgroup analyses and adjusted analyses 9-10

Results
13a For each group, the numbers of participants who were randomly assigned, received intended treatment, and 

were analysed for the primary outcome
10-11Participant flow (a 

diagram is strongly 
recommended) 13b For each group, losses and exclusions after randomisation, together with reasons 10-11

14a Dates defining the periods of recruitment and follow-up 10-11Recruitment
14b Why the trial ended or was stopped 10-11

Baseline data 15 A table showing baseline demographic and clinical characteristics for each group 21
Numbers analysed 16 For each group, number of participants (denominator) included in each analysis and whether the analysis was 

by original assigned groups
10

17a For each primary and secondary outcome, results for each group, and the estimated effect size and its 
precision (such as 95% confidence interval)

10-11
21-26

Outcomes and 
estimation

17b For binary outcomes, presentation of both absolute and relative effect sizes is recommended NA
Ancillary analyses 18 Results of any other analyses performed, including subgroup analyses and adjusted analyses, distinguishing 

pre-specified from exploratory
10-11

Harms 19 All important harms or unintended effects in each group (for specific guidance see CONSORT for harms) NA

Discussion
Limitations 20 Trial limitations, addressing sources of potential bias, imprecision, and, if relevant, multiplicity of analyses 13
Generalisability 21 Generalisability (external validity, applicability) of the trial findings 12
Interpretation 22 Interpretation consistent with results, balancing benefits and harms, and considering other relevant evidence 12-13

Other information
Registration 23 Registration number and name of trial registry 14
Protocol 24 Where the full trial protocol can be accessed, if available 14
Funding 25 Sources of funding and other support (such as supply of drugs), role of funders 14-15

*We strongly recommend reading this statement in conjunction with the CONSORT 2010 Explanation and Elaboration for important clarifications on all the items. If relevant, we also 
recommend reading CONSORT extensions for cluster randomised trials, non-inferiority and equivalence trials, non-pharmacological treatments, herbal interventions, and pragmatic trials. 
Additional extensions are forthcoming: for those and for up to date references relevant to this checklist, see www.consort-statement.org.
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