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Purpose: Transmuscular quadratus lumborum (TQL) block has been described as an effective option for postoperative analgesia in patients
undergoing hip replacement with single injection described as providing analgesia for up to 24 h. We hypothesize that a TQL block, when
compared to fascia iliaca block (FIB), will provide better analgesia and less motor block in the initial 24-h postoperative period.
Patients and Methods: Fifty patients undergoing elective hip replacement surgery, ASA I–III, were included in the study. Patients
were randomized into two groups. Patients in group A received spinal anesthesia followed by FIB. Patients in group B received spinal
anesthesia followed by TQLB. Postoperative pain scores and motor block were assessed at 6 and 24 hours. The primary outcome
measure was 24 h total morphine consumption. Secondary outcome measures included pain score (VNS) and motor block (modified
Bromage scale) at 6 and 24 h postoperatively.
Results: There was no statistical difference in morphine consumption between the two groups (p-value 0.699). There was no
difference in pain scores at 6 h (p-value 0.540) or 24 h (p-value 0.383). There was no difference in motor block at 6 h (p-value
0.497) or at 24 h (p-value 0.773).
Conclusion: Transmuscular quadratus lumborum block along with spinal anesthesia for patients undergoing elective hip replacement
surgery does not reduce opioid consumption or motor weakness when compared to fascia iliaca block. The results and conclusion
apply to a dose of 20 mL of 0.25% bupivacaine used in each group.
Keywords: pain scores, motor block, opioid consumption

Introduction
Total hip replacement is a commonly performed surgical procedure with up to 4500 procedures performed annually in
Ireland and 400,000 procedures per year being performed in the United States.1 Moderate to severe pain in the initial
postoperative period, which can delay mobilization and rehabilitation, is a particular concern among these patients.2

Peripheral nerve block forms an important component of a multimodal analgesia-based approach in such patients. The
objective of multimodal analgesia in such cases is to effectively manage pain with no or minimal use of opioids.2 Fascia
iliaca nerve block (FIB), femoral nerve block (FNB) and pericapsular nerve group (PENG) block are among such
peripheral nerve blocks that are used across different institutions for hip replacement surgery.3 Owing to its simplicity
and effectiveness FIB is currently the technique of choice in our institution. However FIB only provides a limited
duration of analgesia with the single injection technique and the associated motor block can also delay early
mobilization.4

Quadratus lumborum block (QLB) is a relatively new block and results have been encouraging. A study of
transmuscular quadratus lumborum block (TQLB) in patients undergoing elective hip arthroplasties, has described
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significant reduction in length of stay and intraoperative opioid use.5 A retrospective study comparing TQLB, FNB, and
FIB in patients undergoing hip arthroscopies concluded that TQL group had lower total opioid requirements and lower
pain scores at discharge than patients receiving preoperative FIB/FNB blocks.6 Among the different versions of QLB the
transmuscular quadratus lumborum (TQL) nerve block, owing to its spread to lumbar nerve roots and thoracic
paravertebral space, has been shown to provide effective and long-lasting analgesia in a wide range of lower abdominal
and pelvic surgeries involving T4-L1 sensory levels.7 We therefore tested the primary hypothesis that a single injection
TQL block will significantly reduce cumulative morphine consumption in the initial postoperative period and may be an
effective alternative to FIB.

Materials and Methods
Study Design
This single-center, prospective, assessor blinded, randomized controlled trial was conducted, according to the Declaration
of Helsinki principles, in patients undergoing total hip replacement surgery from June 2018 to June 2019. Ethical
committee approval was granted by the Research Ethics Committee (REC) of Tallaght University Hospital, Ireland. The
study was registered with and approved by a clinical trial registry (Clinicaltrials.gov identifier NCT03551860). Written
informed consent was obtained from all the patients who participated in the study.

All American Society of Anesthesiology (ASA) class I–III patients aged greater than 18 years and due to undergo elective
total hip replacement under spinal anesthesia were included into the study. Patients having localized infection at the site of
injection of the spinal anesthetic or nerve block, history of allergy to local anesthetics, severe coagulopathy, revision hip
arthroplasty surgery, poor anatomical view and those in which consent to participate was not obtained or those patients who
were unable to give informed consent, were excluded from the study. Eighty-six patients were screened among which 59 met
the inclusion criteria and eventually 50 were included in the study (Figure 1). All patients who were scheduled for hip
replacement surgery and met study inclusion criteria were contacted preoperatively (a minimum of 24 h pre-admission) by
telephone. Information about the nature and purpose of the study was provided by anesthesia personnel involved in study
recruitment. A link to the study specific website was texted to the patient’s phone after their explicit verbal consent was
obtained. Randomization was conducted using a computer generated randomization sequence. Group allocation and study
protocol instructions were enclosed in sealed envelopes which were opened in the anesthetic room by the anesthesiologist
performing the procedure. All blocks were performed by a single consultant anesthesiologist, experienced in the performance
of peripheral nerve blocks, to minimize inter-individual variation in quality of blocks. Anesthesiologists in the operating
theater, outcome assessors, and data analyzers were blinded to the study group allocation.

Management of Spinal Anesthesia and Perioperative Pain
In the anesthesia induction room baseline monitoring (NIBP, pulse oximetry and 3-lead ECG) and IV access were
established. Patients in both of the groups were positioned sitting on a trolley with feet resting on a stool. Patients were
requested to maintain an arched back posture with an assistants support to aid positioning. No premedication was given.
Spinal anesthesia was performed under strict aseptic precautions (chlorhexidine 0.5% for skin decontamination with
anesthetist performing the procedure scrubbed wearing sterile gown, cap, and sterile gloves). A 25G Whitacre needle was
used and 3.2 mL 0.5% plain bupivacaine was administered.

Ultrasound Guided Fascia Iliaca Block
Following the administration of spinal anesthetic an 80 mm 22G insulated echogenic needle (Stimuplex® Ultra 360®)
with 30° bevel needle was used to perform FIB. Patients were positioned supine. A linear high frequency probe (8–13
MHz) was then placed along the inguinal crease to identify the femoral artery, femoral nerve and iliacus fascia. The
needle was advanced using an in-plane technique from lateral to medial side and local anesthetic was deposited under the
fascia iliaca. Twenty milliliters of 0.25% bupivacaine was administered under US guidance following careful intermittent
aspiration (Figure 2).
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Ultrasound-guided Transmuscular Quadratus Lumborum Block (TQLB)
Following the administration of spinal anesthetic a 100 mm 22G insulated echogenic needle (Stimuplex® Ultra 360®)
with 30° bevel needle was used to perform TQL block. Patients were positioned in lateral decubitus position with
operating side up. A curvilinear low frequency probe (2–5 MHz) was placed transversely in the midaxillary line above
the iliac crest at level of L2 lumbar vertebrae and the following structures were identified (i) transverse process, (ii)
erector spinae muscle, (iii) quadratus lumborum muscle, and (iv) psoas major muscle. The needle was advanced using in-
plane technique from posterior to anterior direction and local anesthetic was deposited in the fascial planes between psoas
major and quadratus lumborum muscles, anterior to QL. Twenty milliliters of 0.25% bupivacaine was administered under
US guidance following careful intermittent aspiration (Figure 3).

Standard Perioperative Care and Measurements of Pain
Patients received multimodal intraoperative IV medication as follows: paracetamol 1g, parecoxib 40 mg, tranexamic acid 1
g. If individual patients had a contraindication to any of these medications eg an NSAID, then these medications were omitted.

In the postanesthesia recovery unit (PACU), morphine 2 mg increments up to a maximum of 10mg were given
intravenously by recovery nursing staff every 5 min if the patient reported VNS>4. In patients needing more than 10 mg
of morphine in recovery, the anesthetist was requested to review the patient. Postoperatively all patients were prescribed

Figure 1 Flow diagram of number of patients enrolled, randomized, allocated to the two groups, followed-up and analyzed.
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regular oral paracetamol 1g every 6 h and oral celecoxib 200 mg every 12 h. Antiemetics (ondansetron 4 mg every 8
h and cyclizine 50 mg every 8 h) were prescribed for patients to be administered as required. All patients were explained
about morphine PCA preoperatively and all patients received morphine PCA (1 mg/mL concentration, 1 mg dose, 5 min
lockout period, and max 40 mg in 4 h) in the postoperative period for 24 h. Institutional protocol for morphine PCA
(CADDR-Solis Pump, Figure 4) was used, in which criteria for evaluation and steps for management of side effects of
morphine such as respiratory depression, sedation, nausea, vomiting, pruritus, are detailed. Although in case of
respiratory depression, high sedation scores and/or difficulty in managing other side effects the anesthesia registrar on
call has to be informed.

Outcome Measure
The primary outcome was total morphine consumption, within the first 24 h, in both the groups. The secondary outcome
was verbal numerical scale (VNS) for pain at rest and on movement, ranging from 0–10 where 0 is no pain and 10 is
maximum possible pain. Also the motor power in the lower limbs was assessed using the modified Bromage scale.

Figure 2 Fascia iliaca block (infrainguinal approach). The image shows the site of injection (white arrow), femoral artery, fascia iliaca and the iliopsoas muscle.

Figure 3 Transmuscular quadratus lumborum block. The image shows the site of injection (white arrow), quadratus lumborum muscle, psoas major muscle, transverse
process and the vertebral body.
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Sample Size and Statistical Analysis
Based on previous study26 a sample size of 46 patients (23 per group) was calculated. This was based on a 50% reduction
in morphine consumption with power of 80%, beta error of 0.2 and alpha error of 0.05%. To allow for potential patient
drop out and loss to follow-up, a total of 50 patients were recruited. We chose 50% reduction as TQL block has been
shown to have broader dermatomal cover (T4-S1) and longer duration of action (up to 24 h) which should lead to better
pain related outcomes for total hip arthroplasty.

Normally distributed data are presented as mean ±standard deviation. A comparison between groups was performed
using the unpaired t-test and the chi-squared test. The comparison of VNS for pain between groups was performed using
the Mann–Whitney U-test. A comparison of motor block between the two groups was performed using the chi-squared
test. A p-value of <0.05 was considered to represent a statistically significant difference.

Results
A total of 86 patients were screened and 59 patients were deemed eligible for study inclusion. Fifty patients consented
and were randomized in the study. Two of these patients, one from Group A and one from Group B, were converted to
general anesthetic due to inadequate block intraoperatively (Figure 1) and were excluded from the study.

There was no difference between the groups based on the demographic variables of the American Society of
Anesthesiologists (ASA) Classification, Sex, and Weight (Table 1).

Figure 4 Morphine PCA pump (CADDR-solis pump).
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There was no statistically significant difference between the groups based on the use of type of analgesics
perioperatively (Table 2), duration of surgery (Table 3), 24 h morphine consumption, 6 and 24 h pain scores at rest or
movement (Table 4). There was no difference in motor block characteristics between the two groups at 6 h (Table 5) and
24 h, respectively (Table 6).

Discussion
Transmuscular QLB did not reduce 24 h opioid consumption compared to infrainguinal fascia iliaca block for total hip
replacement. To our knowledge this is the first randomized study which prospectively evaluates transmuscular quadratus
lumborum block against fascia iliaca block in patients undergoing hip replacement (posterior surgical approach) under
spinal anesthesia.

While the exact mechanism of analgesia provided by TQLB is not fully understood it is considered that the spread of
local anesthetic through the thoracolumbar fascia and the endothoracic fascia into the paravertebral space provides
analgesia.8 Various studies have shown that QLB provides opioid sparing benefits and effective analgesia in hip
surgeries.9–12 However most of these studies on QLB for hip surgeries have either used anterior approach to QLB or
are limited to case reports.13,14 Also in the randomized studies on QLB for hip surgeries, QLB was shown to be superior
when compared to a control group in which no block was used.9,15

There are different versions of quadratus lumborum block based upon the site of injection relative to the quadratus
lumborum muscle. QL1 or lateral QLB refers to the deposition of local anesthetic lateral to the QL muscle. QL2 or
posterior QLB refers to injection posterior to the QL muscle QL3 or anterior QLB, also referred to as the transmuscular
approach due to the typical needle approach, refers to injection anterior to the QL muscle at the level of the L4 vertebral
body.16

Of all the variants of QLB we chose TQLB for a few reasons. Previous cadaveric studies have shown that only TQLB
consistently spreads to lumbar nerve roots as well as within the psoas major and the quadratus lumborum muscle while

Table 1 Comparison of Baseline Characteristics of Study Participants Between
Groups

Patient
Characteristics

Group A (FIB)
(N=24) N (%)
Mean (SD)

GroupB (TQLB)
(N=24) N (%)
Mean (SD)

Total
N

p-value

Sex

Male 17 (60.7) 11 (39.3) 28 0.079a

Female 7 (35.0) 13 (65.0) 20

ASA

1 3 (42.9) 4 (57.1) 7 0.714a

2 16 (48.5) 17 (51.5) 33

3 5 (62.5) 3 (37.5) 8

Weight in
kilograms

84.1 (14.1) 76.3 (16.2) 0.820b

BMI 29.14 (4.12) 26.81 (1.09) 0.09

Operative side

Left side 10 (50.0) 10 (50.0) 20 1.000a

Right side 14 (50.0) 14 (50.0) 28

Notes: aChi-squared test. bUnpaired t-test.
Abbreviations: SD, standard deviation; ASA, American Society of Anesthesiologists.
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other variants had an unreliable spread.17,18 Also the patients need to be positioned in lateral position for the surgery
which makes it easier to perform TQLB. TQLB works at the paravertebral level, preferentially blocking lower thoracic
segments while the caudad spread is limited to the iliac crest.7,19 We believe this can provide analgesia to the hip area but
may not significantly cause quadriceps weakness which is supplied by L3, 4, 5. In contrast fascia iliaca block consistently
causes quadriceps weakness4,20 with incidence up to 4%.21 Adequate pain control with minimal or no muscle weakness is
vital in ensuring early ambulation in the postoperative period. Early ambulation after hip surgeries has been shown to be

Table 2 Comparison of Analgesia Use Between Groups

Analgesia Use Group
A (FIB)
(N=24) N (%)

Group
B (TQL)
(N=24) N (%)

Total
N=48

p-value

Pre-op opioid use, 48

hours preceding surgery

No 22 (48.9) 23 (51.1) 45 0.551a

Yes 2 (66.7) 1 (33.3) 3

Intraoperative opioids use

No 23 (50.0) 23 (50.0) 46 1.000a

Yesb 1 (50.0) 1 (50.0) 2

Intraoperative

paracetamol

administration

No 3 (60.0) 2 (40.0) 5 0.637a

Yes 21 (48.8) 22 (51.2) 43

Intraoperative NSAIDs
administration

No 12 (54.5) 10 (45.5) 22 0.562

Yes 12 (46.2) 14 (53.8) 26

Other analgesics

administration (not in

study protocol)

No 24 (50.0) 24 (50.0) 48 NA

Yes 0 (0.0) 0 (0.0) 0

Notes: aChi-squared test. bFentanyl.

Table 3 Comparison of Duration of Surgery, Morphine Use and Postoperative Pain Scale Between
the Groups

Group A (FIB) (N=24)
Mean (SD)

Group B (TQLB) (N=24)
Mean (SD)

p-value

Duration of surgery (in minutes) 98.6 (20.9) 95.6 (32.3) 0.704a

Total morphine usage in 24 h (mg) 38.3 (23.3) 35.8 (20.2) 0.699a

Note: aUnpaired t-test.
Abbreviation: SD, standard deviation.
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Table 4 Comparison of Postoperative Pain Using Verbal Rating Scale Between the Groups

Postoperative Pain
Monitoring

Group A (FIB) Median
(IQR)

Group B (TQLB) Median
(IQR)

p-value

At rest – 6 h postblock 4 (2–5) 2 (0.2–3.7) 0.118a

On movement – 6 h postblock 4 (2–7) 3 (1–6.5) 0.540a

At rest – 24 h postblock 2.5 (1–4) 3.0 (2.0–5.0) 0.260a

On movement – 24

h postblock

5 (3.2–6.7) 5.5 (4.0–8.0) 0.383a

Note: aMann–Whitney U-test.
Abbreviation: IQR, interquartile range.

Table 5 Comparison of Motor Block (Modified Bromage Scale) at Six Hours Post Block Between the
Groups

Modified Bromage Scale Category
for Motor Block

Group A (FIB)
(N=24) N (%)

Group B (TQLB)
(N=24) N (%)

Total
N=48

p-valuea

Complete block (unable to move feet or

knees)

1 (50.0) 1 (50.0) 2 0.497

Almost complete block (able to move

feet only)

2 (50.0) 2 (50.0) 4

Partial block (just able to move knees) 7 (43.8) 9 (56.3) 16

Detectable weakness of hip flexion while

supine (full flexion of knees)

9 (69.2) 4 (30.8) 13

No detectable weakness of hip flexion

while supine

2 (25.0) 6 (75.0) 8

Able to perform partial knee bend 3 (60.0) 2 (40.0) 5

Total 24 (50.0) 24 (50.0) 48

Note: aChi-squared test.

Table 6 Comparison of Motor Block (Modified Bromage Scale) at 24 Hours Post Block Between the
Groups

Modified Bromage Scale Category for
Motor Block

Group A (FIB)
(N=24) N (%)

Group
B (TQLB)
(N=22) N (%)

Total
N=46

p-value

Partial block (just able to move knees) 1 (50.0) 1 (50.0) 2 0.773a

Detectable weakness of hip flexion while
supine (full flexion of knees)

6 (54.5) 5 (45.5) 11

No detectable weakness of hip flexion while
supine

2 (40.0) 3 (60.0) 5

Able to perform partial knee bend 15 (50.0) 15 (50.0) 30

Total 24 (50.0) 24 (50.0) 48

Note: aChi-squared test.
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associated with reduced complications and death.22 Therefore, we wanted to compare TQLB with fascia iliaca block
which is the standard in our institution.

FIB is a technically straightforward block to perform with easier target visualization by using a linear probe. TQLB is
a deeper block requiring use of a curvilinear probe and is technically more challenging to perform as the planes may not
be very obvious. This may necessitate the use of saline to hydro-dissect the space prior to local anesthetic injection.
There is no benefit in replacing an easy block with a relatively difficult one unless there is a definite clinical benefit.
Hence we powered the study for a large effect size.

However, the results of this randomized controlled trial demonstrate that in patients undergoing elective hip
replacement surgery the TQL single injection nerve block does not lead to a statistically significant reduction in morphine
consumption or motor block in the initial postoperative period when compared to FIB single nerve injection block. One
possible reason for lack of difference in morphine consumption was that we compared TQLB to fascia iliaca block. In
contrast, previous studies on QLB, compared its effectiveness against no block.9,15

The lack of motor block was most likely due to the fact that the study was not powered to detect the difference in this
secondary outcome. It is therefore possible that small differences in motor block might have been missed. Although one
study has mentioned a higher incidence of motor weakness in the group receiving TQLB in comparison to the group
receiving lateral QLB in patients undergoing percutaneous nephrolithotomy,23 but there is no clear evidence yet about the
incidence of motor block after QLB in general, and TQL in particular, in patients undergoing hip surgery. In our study
one patient from each group had complete motor weakness at 6 h and two patients from each group had “almost
complete” block at 6 h. But this was attributed to residual effect of spinal anesthesia.

The study has some limitations. The study was conducted in a single center and included a small number of patients,
therefore it is possible that a smaller effect size might have been missed.

TQL block is a deeper block and technically more challenging compared to fascia iliaca block. We believe that at
least a 50% reduction is needed to justify its routine use especially if it is going to replace a simple and easier block like
fascia iliaca block.

Although the study has a small sample size it is adequately powered to have picked up this effect if it had happened.
There is a chance though that we might have missed a smaller reduction in opioid consumption. Detecting smaller
differences, however, would have increased the sample size significantly, which would have made it impossible for us to
do this study in a single center.

Another potential limitation of the study is that we used the modified Bromage scale for motor weakness assessment.
This scale measures the level of motor block based on the patient’s ability to move their lower extremities, but both the
knee flexion and foot movements can still be performed despite quadricep muscle weakness. Yet it is a simple and
reproducible system to measure the motor block and measures weakness in hip flexors (which are important for
ambulation) effectively. In addition, the modified Bromage scale has been consistently used in numerous studies
comparing fascia iliaca block/quadratus lumborum block.24,25 Hence we decided to go ahead with it.

While the study has its limitations yet it adds to the growing evidence that TQLB has so far demonstrated no major
advantages over a simple, practical, and effective block like FIB in patients undergoing hip replacement surgery.
Furthermore, our study showed that there is no difference in the degree of motor block between the two groups.

Conclusion
In conclusion, TQLB failed to demonstrate any advantage over FIB in terms of reduction in morphine usage, better pain
control or less motor weakness in patients undergoing elective primary hip replacement surgery. Further studies with
a larger sample size will be required to evaluate for the presence of a smaller effect size.

Data Sharing Statement
The de-identified clinical trial data (study protocol, clinical data and results) which supports the findings of this study is
available on reasonable request to the corresponding author. It will be available following publication and will end at five
years after publication.
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