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Abstract

Introduction Anaesthesia for hip fracture surgery is often supplemented with a peripheral nerve block (PNB) to reduce
postoperative pain. Common PNBs include fascia-iliaca compartment block (FICB) and femoral nerve block (FNB). Since
the introduction of the pericapsular nerve group (PENG) block, debate continues as to which technique provides superior
analgesia. This review aimed to compare the postoperative analgesic efficacy of three PNBs when administered periopera-
tively to adult hip fracture patients.

Methods CINAHL, Cochrane CENTRAL, Embase, Medline, Web of Science and Google Scholar were searched in April
2025. Statistical analysis was performed using a random-effects model.

Results 19 randomised trials (1059 patients) were included. Pain scores between PENG and FICB at 6, 12 and 24 h were not
significantly different. Compared to FNB, PENG significantly lowered pain scores at 6 h (P=0.004). Opioid consumption in
the 24 h postoperative period was significantly lower in PENG than FICB (P = 0.02), but not in FNB. No outcome reached
the minimal clinically important difference. Evidence was graded very low to moderate.

Conclusion There is insufficient evidence to state superiority of PENG over FICB or FNB when used perioperatively in
patients undergoing hip fracture repair. No included studies reported time to mobilisation, highlighting a significant evidence
gap in existing primary research. Further high-quality, sufficiently powered randomised trials are still needed.

Keywords Regional anaesthesia - Peripheral nerve block - Orthopaedic surgery - Postoperative pain - Hip fracture

Introduction prominent matter of public health interest. The Association

of Anaesthetists recommend that patients undergoing hip

Sing et al. [1] project the incidence of hip fractures is
likely to increase 100% by the year 2050. Optimisation of
perioperative care for hip fracture patients is, therefore, a
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fracture fixation in the UK receive a perioperative periph-
eral nerve block in addition to spinal or general anaesthesia,
to better control postoperative pain [2].

Peripheral nerve blockade for hip fractures is commonly
achieved by administering ultrasound-guided fascia-iliaca
compartment block (FICB) or femoral nerve block (FNB)
[2]. In 2018, the pericapsular nerve group (PENG) block
was described by Giron-Arango et al. [3]. The introduction
of the PENG block proposed not only improved analgesia
but preserved motor function. This contrasts the quadriceps
weakness patients may experience with the use of alterna-
tive PNBs, leading to delayed mobilisation [3].

Previous reviews of this topic have focused on blocks
administered in the emergency department; in these, PENG
was deemed to potentially be superior, but confidence was
low [4, 5]. To our knowledge, there are no reviews that
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compare these three blocks when administered in the imme-
diate perioperative period.

This review hypothesises that PENG may provide
superior postoperative analgesia in hip fracture patients
compared to FICB or FNB, when administered in the peri-
operative period using ultrasound guidance, as a single
injection technique.

Methods

A project protocol was originally registered with PROS-
PERO under the reference CRD42024597296 on the 9th of
October 2024 [6]. This review was conducted and reported
in accordance with the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) guidelines

[7].
Search strategy & information sources

CINAHL (EbscoHost), Cochrane CENTRAL, Embase
(Ovid), Medline (Ovid), Web of Science (Clarivate) and
Google Scholar were searched for randomised trials com-
paring two or all of PENG, FICB and FNB. Search strate-
gies were designed by researchers KV & AN and approved
by an expert librarian (Supplementary Files 1). Searches
were limited by date from and inclusive of January 2014
to 27th April 2025. This date range was selected to return
recent studies relating to FNB and FICB that weren’t sig-
nificantly older than studies including PENG block, first
described in 2018. Searches were initially carried out on the
21 st October 2024 and repeated on 27th April 2025 using
the same strategy to include all relevant studies.

Selection process & eligibility

Returned searches were initially stored in Endnote [8], and
duplicates were removed before uploading the remaining
references into Rayyan [9]. Two reviewers (KV and AN)
independently screened abstracts and full texts.

Records for inclusion met the following criteria: partici-
pants aged 16 or over, undergoing surgery for hip fracture,
receiving PENG, FICB or FNB perioperatively, studies
comparing two or three included blocks, studies measur-
ing our primary or secondary outcome, randomised control
trial study design, studies available in English, published
between January 2014 and April 2025, full-length text arti-
cles in peer-reviewed journals.

Studies were excluded when any of the exclusion criteria
were met: patients with acetabular/pelvic fractures, com-
parison made to no block, local anaesthesia infiltration by
surgeon, elective hip replacements, blocks performed in the
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emergency department, dose comparison studies, blocks
performed using landmark technique or nerve stimulator,
blocks maintained via continuous catheter infusion and
study design other than randomised trials. Studies that failed
to report any of the selected outcomes were also excluded.

Where there was uncertainty in the record’s ability to
meet the criteria, the full text was reviewed. Conflicts were
tracked in Rayyan and discussed between the two princi-
pal researchers. Where a conflict could not be resolved,
two further independent researchers contributed to the final
decision.

Primary and secondary outcomes

The primary outcome was postoperative pain scores mea-
sured as per the (0—10) scale, where 10 is the greatest pain
and zero is pain-free. The secondary outcomes were opioid
consumption as oral morphine equivalents (OME) in mg in
the first 24 h postoperative period and time to mobilisation.

Data collection process

To ensure the same characteristic data was extracted from
each included paper, a spreadsheet with pre-determined
fields was created. Study characteristics and the primary
and secondary outcome data were extracted (Tables 1 and
2). Data extraction was carried out on a 1:1 allocation basis
between researchers KV and AN, who then peer-reviewed
to reduce risk of omissions or mistakes. Any disagreements
on data extraction were solved by discussion or by seeking
the opinion of a third researcher.

Risk of bias assessment

The included studies were appraised for bias risk using
Cochrane risk of bias 2 (RoB2) tool [10]. Judgements of the
RoB2 analyses were peer reviewed and any conflicts were
resolved after discussion.

Synthesis methods

To assess the primary outcome of postoperative pain scores,
a meta-analysis was performed using Stata [11]. Where
continuous outcomes were reported in included studies only
as a median with interquartile range, the mean and stan-
dard deviation were imputed using a method based on the
approach described by Hozo et al. [12]. This approach was
only utilised when necessary. To synthesise postoperative
analgesia consumption, the mean analgesic consumption of
either fentanyl, tramadol or parenteral morphine was con-
verted to OMEs [13, 14].
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Table 1 Study characteristics

Study Characteristics

Intervention 1

Intervention 2

Study Study Study funder/sponsor Fracture Timing Group No. ran- Drug/Dose Group  No.ran- Drug/Dose
(Author, Location type (as of block name domised (given to name domised (given to
Year) described placement to group achieve to group achieve
by study) intervention) intervention)
Bauiomy Egypt nil hip before SA PENG 30 23 ml of SIFICB* 30 23 ml of
etal., ropivacaine ropivacaine
2024 0.25% + 8 mg 0.25% + 8 mg
[27] dexametha- dexametha-
sone sone
Chaud- India nil neck of  before SA PENG 32 20 mL of FNB 30 20 mL of
hary et femur, 0.25% bupiva- 0.25% bupiva-
al., 2023 intertro- caine+4 mg caine+4 mg
[38] chan- dexametha- dexametha-
teric, & sone sone
subtro-
chanteric
fractures
Cui et China Medical Technol- hip before PENG 36 20 mL SIFICB* 36 40 mL 0.3%
al., 2024 ogy Support Fund GA of 0.3% ropivacaine
[35] of the First People ’s ropivacaine
Hospital of Lianyun-
gang (XJ202208) and
Lianyungang First
People ’s Hospital
Youth Excellent Fund
(QN202108)
Derak-  Iran nil intertro-  after PENG 25 20 mL FICB* 25 20 mL
shan et chanteric surgery 0f 0.25% of 0.25%
al., 2024 ropivacaine ropivacaine
[39]
Gonobal India nil hip after PENG 33 30 mL of SIFICB* 33 30 mL of
etal., surgery 0.375% 0.375%
2024 ropivacaine ropivacaine
[36]
Jadon India nil Intra- before SA PENG 33 23 ml of SIFICB* 33 23 ml of
etal., capsular, 0.25% bupiva- 0.25% bupiva-
2021[31] Inter- caine+8 mg caine+8 mg
trochan- dexametha- dexametha-
teric, sone sone
Subtro-
chanteric
Kadli- India nil hip before SA PENG 20 25 ml of FICB* 20 25 ml of
matti et 0.25% 0.25%
al., 2024 bupivacaine bupivacaine
[28]
Keskes  Tunisia nil hip before SA PENG 46 10 ml of 0.5% SIFICB* 48 10 ml of 0.5%
etal., bupiva- bupiva-
2023 caine+ 10 ml caine+ 10 ml
[40] of of
2% lidocaine 2% lidocaine
Kohet Korea Institutional and depart-  hip before SA PENG 40 20 mL SIFICB* 40 30 mL of
al., 2024 mental sources 0f 0.3% ropivacaine
[37] ropivacaine
Konget China nil intertro-  before PENG 25 30 mL of FICB* 25 30 mL of
al., 2022 chanteric GA 0.375% 0.375%
[41] ropivacaine ropivacaine
Lin et Australia  nil Intracap- before PENG 30 20 ml of FNB 30 20 ml of
al., 2024 sular anaesthe- 0.75% 0.75%
[29] Extra- sia ropivacaine ropivacaine
capsular
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Table 1 (continued)

Study Characteristics Intervention 1 Intervention 2

Study Study Study funder/sponsor Fracture Timing Group No. ran- Drug/Dose Group  No.ran- Drug/Dose

(Author, Location type (as of block name domised (given to name domised (given to

Year) described placement to group achieve to group achieve

by study) intervention) intervention)

Mano-  Singapore Funding received hip before SA FICB 15 0.5% ropiva- FNB 15 0.5% ropiva-

hara from Changi General caine 30 mls caine 30 mls

etal., Hospital, Singapore;

2021[32] research grant was used

for employment of a
research assistant.

Mosaffa Iran nil intertro- before SA PENG 30 3 mg/kg FICB* 22 3 mg/kg of

etal., chan- of 0.5% 0.5% ropiva-

2022 teric, ropivacaine caine 40 ml

[42] femoral (max)

neck

Natjaran India nil hip before SA PENG 12 20 ml of 0.5% FICB* 12 20 ml of 0.5%

etal., ropivacaine ropivacaine

2021

[34]

Reddy et India Not Reported hip after PENG 20 30ml 0.25%  FICB* 20 30 ml 0.25%

al., 2022 surgery bupiva- bupiva-

[24] caine+4 mg caine+4 mg
dexametha- dexametha-
sone sone

Sainiet India nil hip after SA, PENG 30 30 ml 0.2% SIFICB* 30 30 ml 0.2%

al., 2024 before ropivacaine ropivacaine

[26] surgery with 4 mg with 4 mg
dexametha- dexametha-
sone sone

Senthil  India nil neck of  after PENG 22 30 mL FICB* 21 30 mL

etal., femur, surgery 0of 0.25% of 0.25%

2021 intertro- levobupiva- levobupiva-

[30] chan- caine+4 mg caine+4 mg

teric, dexametha- dexametha-
subtro- sone sone
chanteric

Shankar India nil hip before SA PENG 30 Ropivacaine ~ FICB* 30 Ropivacaine

etal., 0.25% 25 ml 0.25% 25 ml

2020

[33]

Yadav et India Not Reported intertro- before SA PENG 25 3 mlkg 0.5% FICB* 25 3 ml/kg 0.5%

al., 2023 chan- ropivacaine ropivacaine

[25] teric, (up to 40 ml)

femoral
neck

SA=spinal anaesthesia; GA =general anaesthesia * This review considers SIFICB and FICB to be the same intervention, SIFICB (supra-
inguinal fascia iliaca compartment block) is noted where the study specified the approach, FICB (fascia-iliaca compartment block) is noted

where the approach was not specified

Meta-analysis

For outcomes yielding data from three or more studies, a
meta-analysis was performed using a random-effects model
[15] as per Cochrane recommendation to incorporate the
assumption that different studies are estimating different,
yet related, treatment effects [16]. For each pairwise com-
parison, a standardised mean difference (SMD) (Hedges’s
g) and 95% confidence interval were calculated. These were
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selected due to discrepancies between the discrete numeric
rating scale (NRS) and the continuous visual analogue scale
(VAS). The SMD was converted to the raw mean differ-
ence (RMD) by multiplying the pooled standard deviation
by Hedges’s g [17, 18]. Data for opioid consumption was
pooled and a mean difference (MD) with 95% confidence
interval calculated. 95% prediction intervals were calcu-
lated for each outcome.
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Table 2 Table summarising the primary and secondary outcomes for each study

Study Inter-  Interven- Time points reported Postop- Postoperative analgesia consumption
(Author, Year, vention tion 2 erative pain  reported unit of measurement
Reference) 1 score unit of
measurement
Bauiomy et al., 2024 PENG SIFICB* PACU,2h,4h,12,and 24 h NRS score Number of tramadol doses (1=50 mg
[27] postoperatively Tramadol)
Chaudhary et al., 2023 PENG FNB 4,6, 8, and 12 h postoperatively ~ VAS score Unable to compare, reported duration
[38] reported rather than consumption
Cui et al., 2024 [35] PENG SIFICB* 1, 6, 12, 24 h postoperatively VAS score Amount of postoperative analgesia doses (in
Parecoxib sodium 40 mg/dose and sufentanil
1.5 pg/L)
Derakshan et al., 2024 PENG FICB* After surgery, immediately after ~ VAS score Mean total morphine consumption (mg)
[39] the block, 2,6,18,24 h post op within the first 24 h post-surgery
Gonobal et al., 2024 PENG SIFICB* 0 (baseline score), 1,2,4,6,12,  VAS score Total opioid consumption in oral morphine
[36] 24 h in the postoperative period equivalents (in mg)
Jadon et al., 2021 [31] PENG SIFICB* postoperatively at 4, 6, 8, 12 and NRS score Number of doses of rescue analgesia post
24 h operatively (1=50 mg Tramadol)
Kadlimatti et al., 2024 PENG FICB* 0,2,4,6,8,10,12,16,20,24 h VAS score Total doses of consumption of tramadol in
[28] postoperatively mg/kg IV
Keskes et al.,2023 [40] PENG SIFICB* 3, 6, 12, and 24 h postoperatively VAS score Only mean morphine consumption (mg) in
2 h post op
Koh et al., 2024 [37] PENG SIFICB* Baseline score, after block, dur-  NRS score Given as morphine equivalents of IV mor-
ing positioning, at 6, 24 and 48 h phine in 24 h
Kong et al., 2022 [41] PENG FICB* 6 h, 24 h postoperatively VAS score Total dose of fentanyl consumed in mcg in
24 h
Lin et al., 2024 [29] PENG FNB maximum score within 24 h, max NRS score Total amount of opiate consumed post opera-
score 24-48 h tively day O (in morphine equivalents in mg)
Manohara et al., 2021 FICB FNB before block, 30 min post block, NRS score Oxynorm consumption in the first 24 h
[32] 24 h postoperatively
Mosaffa et al., 2022 PENG FICB* 15 min, 6 h, 12 h post block VAS score Total dose of morphine consumed within
[42] 24 h (in mg)
Natjaran et al., 2021 PENG FICB* 30 min, 1 h,4h,6h,12h,24h  NRS score Total number of rescue analgesia doses (IV
[34] paracetamol)
Reddy et al., 2022 [24] PENG FICB* 2,6,10,14,18,24 h postoperatively VAS score Total fentanyl consumption in 24 h (in mcg)
Saini et al., 2024 [26] PENG SIFICB* 24 h postoperatively VAS score Unit not given; opioids named (multiple) but
only one measure
Senthil et al., 2021 [30] PENG FICB* 2,6,10,14,18,24 h postoperatively VAS score Total fentanyl consumption in 24 h (in mcg)
Shankar et al., 2020 PENG FICB* 0,30 min, 1,4,12,24h VAS score Total consumption of tramadol in 24 h
[33] postoperatively (1 mg/kg)
Yadav et al., 2023 [25] PENG FICB* 15 min, 6 h, 12 h post block VAS score Total dose of parenteral morphine consumed
within 24 h (in mg)

*This review considers SIFICB and FICB to be the same intervention, SIFICB (supra-inguinal fascia iliaca compartment block) is noted where
the study specified the approach, FICB (fascia-iliaca compartment block) is noted where the approach was not specified

RMD values were interpreted considering the minimal
clinically important difference (MCID) [19]. For postopera-
tive pain scores at any time point, a difference of 1.5 (at rest)
and 1.8 (dynamic) on a 0—10 scale were deemed the MCID,
and 25 mg of oral morphine was the MCID for postopera-
tive analgesic consumption in 24 h postoperatively [20]. The
MCIDs from the Laigaard et al. [20] review were employed
as they reflected the population included in this review,
adults (>16 years old) undergoing hip fracture surgery.

Bonferroni correction was considered post-hoc to account
for multiple comparisons between timepoints.

To evaluate inconsistency, I >50% was considered sub-
stantial heterogeneity [16]. To explore inconsistency and

robustness of effect sizes, post-hoc analyses were carried
out by analysing subgroups: (1) timing of administration
of the block (pre- or post-anaesthesia) (2) low risk of bias
(3) supra-inguinal approach of FICB vs. infra-inguinal or
unknown (4) different volumes/doses of anaesthetic used
in each group (5) spinal or general anaesthetic (6) block
adjunct use (7) patient-controlled analgesia (PCA) pump
use, request or unknown (for the consumption of OMEs in
24 h postoperative period outcome).

Influence analysis by means of leave-one-out analysis,
and outlier analysis by excluding studies whose 95% CI was
outside Hedges’s g 95% CI, were performed. Where an out-
come included 10 or more studies, an assessment of small
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study effects was done using a funnel plot in combination
with Egger’s test [21].

Strength of evidence for each outcome was determined
using the Grading of Recommendations, Assessment,
Development, and Evaluations (GRADE) framework and
classified as very low, low, moderate or high [22, 23].

Findings
Study selection (results of search)

The search retrieved 1188 records, 755 records were
screened, and 34 reports reviewed. 15 further reports were
excluded, resulting in 18 studies [10-24, 26-25] initially
included in this review, with one further study included
from the update in April 2025 [26] (Fig.1).

Study characteristics

Atotal of 19 studies (1059 patients) were included (Table 1).
Baseline characteristics such as age, American Society of
Anaesthetists status (ASA), and sex were similar between
intervention and control groups across all studies (P>0.05).
16 studies compared PENG to FICB, of which eight speci-
fied using the supra-inguinal approach FICB (SIFICB).
Two studies compared PENG to FNB. One study compared
FICB to FNB.

16 of the included studies used the same dose of anaes-
thetic, either bupivacaine (six studies), ropivacaine (12 stud-
ies) or levobupivacaine (one study), in both groups (Table
1). Two studies, however, used different volumes of ropiva-
caine in PENG and FICB groups. Two studies reported the
maximum volume of anaesthetic used in the FICB group
but not in the PENG group. Yadav et al. [25] reported using
3 ml/kg of 0.5% ropivacaine. Given the maximum volume

Fig. 1 PRISMA 2020 flow
diagram depicting the study [ Identification of studies via databases and registers J
selection P
Records identified from: Records removed before
5 _ screening:
= Cochrane (n = 567) Duplicate records removed
o Embgse (n=222) (n=433)
£ Medlina,(n= 112) Records marked as ineligible
] CINAHL (n=30) by automation tools (n = 0)
S Web of Science (n = 157) Records removed for other
Google Scholar (n = 100) reasons (n = 0)
N/
A4
)
Records screened Records excluded
—
(n=755) (n=723)
A4
Reports sought for retrieval Reports not retrieved
> (n=34) (n=0)
=
[
5
3 A4
i g Reports excluded:
Reports assessed for eligibility Block performed in ED (n = 2)
(n=234) Elective hip
replacement (n = 3)
Wrong outcome (n = 8)
Wrong study design (n = 1)
Wrong population (n = 1)
e
)
i Studies included in review
S (n=19)
° Reports of included studies
= (n=19)
N/
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of 40 ml in their FICB group, this significantly exceeds the
maximum dose. On balance, this is likely to be a reporting
erTor.

All interventions were performed in an operating depart-
ment by anaesthetists. In 15 studies, the intervention was
performed before anaesthesia, and in the remaining four
studies the intervention was administered after surgery.
Patients received spinal anaesthesia (SA) or general anaes-
thesia (GA) (Table 1).

Seven studies reported that analgesia was administered
via patient-controlled analgesia (PCA). The remaining stud-
ies relied on patient requests for analgesia administered by a
nurse. All included studies reported data relating to our pri-
mary outcome of postoperative pain scores and 16 of these
reported total postoperative analgesia consumption in 24 h.
No papers reported time to mobilisation.

Risk of bias

The focus in the RoB2 scoring was the primary outcome
of pain scores (Fig. 2). Seven studies [27, 28, 18-29, 26,
30] were deemed to be low risk of bias. There were some
concerns for risk of bias in nine studies [11-31, 32, 24, 33,
25]. The concerns primarily arose as part of the ‘randomisa-
tion process’, ‘measurement of the outcome’ or ‘selection
of the reported result’ domains. The study by Natjaran et al.
[34] scored a high risk of bias overall due to concerns in the
‘selection of the reported result’ domain. This decision was
reached due to published data being contradicted in the dis-
cussion and conclusion of the study. As it was not possible
to blind the anaesthetist performing the nerve block, five
included studies [35, 36, 24, 30, 25] detailed that the inter-
vention was performed by an anaesthetist external to the
study with a view to reduce risk of bias. It should be noted
that two studies [35, 37] introduced bias in their methodol-
ogy, not covered by RoB2, as a higher dose of ropivacaine
was used in the FICB group than the PENG group.

Primary outcomes

Postoperative pain scores at 6, 12 and 24 h - at rest: PENG
vs. FICB

A synthesis of pain scores at rest was performed for 6, 12
and 24 h postoperatively, as these were the most reported
data points across the studies (Fig. 3).

11 studies, including 616 patients, reported on pain
scores at 6 h postoperatively, eight studies (509 patients)
reported on pain scores at 12 h, and 11 studies (652 patients)
reported on pain scores at 24 h. At 6, 12 and 24 h, differences
between PENG and FICB were not statistically significant.
At 6 haSMD (Hedges’s g) of —0.13 (95% CI: [—0.36, 0.10])

and RMD of —0.18 (95% CI: [-0.49, 0.14]) was found (Fig.
3). At 12 h a SMD (Hedges’s g) of —0.24 (95% CI: [—0.54,
0.05]) and RMD of —0.32 (95% CI: [-0.72, 0.07]), (Fig.
3). And at 24 h and SMD (Hedges’s g) of —0.11 (95% CI:
[-0.58, 0.36]), RMD of —0.14 (95% CI: [-0.72, 0.45]), (Fig.
3).

None of these differences met the clinically meaning-
ful threshold of 1.5 (on a 0-10 scale). The converted 95%
prediction intervals (from Standardised to Raw MD) were
—1.10 to 0.74 for 6 h, —1.54 to 0.89 for 12 h and —2.33 to
2.07 for 24 h postoperatively.

Due to inconsistency (I2 of 50.83%, 64.46%, 88.68% for
6, 12, and 24 h, respectively (Fig. 3), subgroup and sen-
sitivity analyses were performed (see Supplementary Files
2). The test of no group differences showed there was no
significant difference between any of the groups at 6 and
24 h postoperatively (P >0.05). For the pain scores at the
12-hour outcome, there was a significant difference between
groups, in different volumes of anaesthetic used (P = 0.00),
and general vs. spinal anaesthetic use (P = 0.00), but only
driven by one study [35].

Influence (leave-one-out) analysis for 6 and 24 h, con-
firmed robustness of the result upon exclusion of each study
from the pooled result. Outlier analysis for 24 h [28, 30],
showed a statistically significant but not clinically meaning-
ful effect (SMD of —0.39 (95% CI: [-0.72, —0.05]), RMD of
—0.48 (95% CI: [-0.89, —0.06]), P < 0.05) (Table 2).

Influence analysis for 12 h showed that omission of one
study [35] resulted in a statistically significant, yet still not
yielding a clinically meaningful, result (SMD of —0.34
(95% CI: [-0.59, —0.09], RMD of —0.45 (95% CI: [-0.79,
—0.12]), P = 0.007), favouring PENG over FICB.

The funnel plots for 6 and 24 h (Supplementary Files 2)
showed slight asymmetry; however, Egger’s test was not
statistically significant (P=0.25, P=0.50, respectively),
hence there was no significant evidence of risk of small
study effects.

Strength of evidence for postoperative pain scores at 6
and 24 h was low and for 12 h very low (Table 3).

Postoperative pain scores at 6, 12 and 24 h - at rest: PENG
vs. FNB

Only Chaudhary et al. [38] compared PENG to FNB at 6
and 12 h. They reported that PENG lowered postoperative
pain scores at 6 h with a significant difference compared to
FNB (P = 0.004). At 12 h, there was no significant differ-
ence (P =0.05).
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Fig.2 RoB2 tool outcome matrix
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Risk of bias domains

Domains:
D1: Bias arising from the randomization process.

D2: Bias due to deviations from intended intervention.

Da3: Bias due to missing outcome data.
D4: Bias in measurement of the outcome.
D5: Bias in selection of the reported result.
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Fig. 3 Four forest plots comparing PENG to FICB for Postoperative pain at 6 hours
postoperative pain scores at rest at 6, 12 and 24 h and post- PENG FICB SMD Weight
operative opioid consumption in 24 h. Standardised mean Study Mean SD Total Mean SD Total with9s%Cl (%)
diﬂ‘erence (Hedges’s g) fOr postoperative pain at 6, 12 and Cui 2024 244 144 36 214 157 36 0.20[-0.26, 0.66] 10.45 ‘* —
. . . . Derakhshan2024 26 15 20 28 15 24 -013[-0.71, 045 826 —n—
24 h and mean difference for opioid consumption, with 95% e
: ; Gonabal 2023 263 112 30 33 129 30 -0.55[-1.06, -0.04] 9.50
CI were used to calculate effect size. The blue line below the Kadiimattl 2024 17 143 20 225 107 20 -049[-111, 013 7.76 .
overall effect represents the 95% prediction interval Keskes 2023 27 139 44 247 78 45 0.20[-0.21, 0.62] 11.35 -
Koh 2024 22 18 40 23 22 39 -005[-049, 0.39] 10.87 - -
Kong 2022 167 79 25 3 157 25 -1.05[-1.64, 047] 826 —M— ‘
Mosaffaa 2022~ 3.46 127 30 345 147 22 001[-053, 055 893 ——
Reddy 2022 185 98 20 19 115 20 -0.05[-0.65 0.56] 7.90 ——
Senthil 2021 185 988 20 155 105 20 0.29[-0.32, 0.90] 7.85 + —
Yadav 2023 342 115 25 343 124 25 -0.01[-055 054] 887 - —
Overall -0.13[-0.36, 0.10] <&
Heterogeneity: 12 = 0.07, 12 = 50.83%, H2 = 2.03 -1
Test of 8, = 8 Q(10) = 20.34, p = 0.03
Testof 6 =0:z2=-1.13,p=0.26
—_—
95% prediction interval [-0.80, 0.54] -2 -1 0 1 2
Favours PENG Favours FICB
Postoperative pain at 12 hours
PENG FICB SMD Weight
Study Mean SD Total Mean SD Total with 95% CI (%)
Bauiomy 2024 367 235 30 4 156 30 -0.16[-0.66, 0.34] 12.45 ——
Cui 2024 283 178 36 208 148 36 045[-001, 092] 13.13 — —
Gonabal 2023  2.83 .833 33 363 1249 33 -0.74[-1.24, 0.25] 1257 ——
Kadlimatti 2024 215 1.14 44 205 105 45 0.09[-0.32, 0.50] 14.09 _ —
Keskes 2023 307 1.14 30 333 1 22 -024[-0.78, 0.31] 11.68 _
Mosaffaa2022 301 1.08 30 391 148 30 -0.69[-1.20, -0.17] 1220 ———
Shankar2020 614 95 30 63 8 30 -0.18[-0.68, 0.32] 1245 —
Yadav 2023 305 109 25 387 154 25 -0.60[-1.16, -005] 11.43 —W——
Overall -0.24 [ -0.54, 0.05] -
Heterogeneity: T2 = 0.12, I? = 64.46%, H? = 2.81 r
Test of 8, = 6;: Q(7) = 19.70, p = 0.01
Testof 8 =0:z=-1.63,p=0.10
—_—_
95% prediction interval [-1.54, 0.89] -1 0 1
Favours PENG Favours FICB
Postoperative pain at 24 hours
PENG FICB SMD Weight
Study Mean SD Total Mean SD Total with 95% CI (%)
Cui 2024 164 127 36 128 91 36 032[-0.14, 0.78] 9.39 + -
Derakhshan2024 1.4 6 20 18 .8 24 -0.55[-1.14, 0.05] 886 — -
Gonabal 2023 247 73 33 29 712 33 -059[-1.08, -0.10] 9.29 - -
Kadlimatti 2024 2.55 1 44 12 1.01 45 1.33[ 0.88, 1.79] 9.41 -
Keskes 2023 345 135 30 302 91 22 036[-0.19, 0.90] 9.06 -
Koh 2024 24 18 40 3 25 39 -027[-0.71, 0.17] 9.47 -
Kong 2022 2 157 25 333 .79 25 -1.05[-164,-047] 890 ——
Reddy 2022 14 57 20 21 67 20 -1.10[-176,-0.45] 860 ——
Saini 2024 .87 148 30 2 172 30 -0.70[-1.21,-0.18] 9.18 -
Senthil 2021 21 788 20 1.3 571 20 1.14[ 048, 1.80] 859 ——
Shankar 2020 64 101 30 65 .9 30 -0.10[-0.60, 0.40] 9.24 - —
Overall -0.11[-0.58, 0.36] ‘
Heterogeneity: 12 = 0.56, I* = 88.68%, H? = 8.83
Test of 8, = 6 Q(10) = 88.31, p = 0.00
Testof 6 =0:z=-0.44, p = 0.66
—_—
-2 -1 0 1 2

95% prediction interval [-2.33, 2.07]

Favours PENG Favours FICB

Consumption of morphine equivalents in 24 hours postoperatively

PENG FICB MD Weight
Study Mean SD Total Mean SD Total with 95% CI (%)
Bauiomy 2024 29 0.34 30 345 051 30 -5.50[ -5.72, -5.28] 13.39 :
Derakhshan 2024 23 1075 25 21 10.00 25 200[ -3.76, 7.76] 12.84
Gonabal 2023 13 0.02 33 31 0.17 33 -18.00[-18.06, -17.94] 13.39
Jadon 2021 20 021 33 16 020 33 4.00[ 3.90, 4.10] 13.39 i
Koh 2024 83 46.50 40 8275 60.00 39 0.25[-23.39, 23.89] 7.80 —.—
Mosaffaa 2022 135 64.17 30 186 47.17 22 -51.00[-82.72, -19.28] 5.85 ——
Reddy 2022 33 1.65 20 50 3.30 20 -17.00[-18.62, -15.38] 13.34
Senthil 2021 36 333 22 43 533 21 -7.00[ -9.64, -4.36] 13.27
Yadav 2023 141 60.83 25 191 3635 25 -50.00[-77.78, -22.22] 6.73 ——
Overall -11.88[ -22.09, -1.66] L 4
Heterogeneity: 12 = 202.94, I? = 99.99%, H? = 17742.02 -
Test of 6, = 6;: Q(8) = 141936.17, p = 0.00
Testof  =0:z=-2.28, p=0.02
95% prediction interval [-47.75, 23.99] -100 -50 0 50 100

Favours PENG  Favours FICB
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Table 4 Summary of findings of pooled data for adult patients with a fractured proximal femur, undergoing surgery, receiving PENG or FICB

Outcome PENG FICB  Number of RMD (or MD) Quality of Comments
Pooled Pooled patients (95% CI) evidence
Mean  Mean  (studies) (GRADE)
(SD) (SD)
Postoperative pain 2.47 2.60 616 (11) -0.18(-0.49 Low Moderate inconsistency (I? of 50.83%)
at6 h (1.41) (1.52) to 0.14)
Postoperative pain at  3.27 3.52 509 (8) —-0.32(-0.72  Verylow High inconsistency (I? of 64.46%).
12h (1.76) (1.81) to 0.07) Difference in interventions arose due to one study
using a greater dose of ropivacaine in the FICB group.
Postoperative pain at  2.50 2.56 652 (11) —0.14 (-0.72 Low High inconsistency (I? of 88.68%)
24 h (1.85) (1.92) to 0.45)
Dynamic postopera- 2.92 3.56 235 (4) —0.91(-3.02 Verylow Test for inconsistency (I* of 85.57%). Lower and
tive painat 6 h (1.70)  (4.18) to 1.18) upper bound of the 95% CI both exceed the minimal
clinically important difference.
Dynamic postopera- 3.26 3.89 235(4) -0.52(-1.55  Verylow  Test for inconsistency (I> of 77.50%) and wide predic-
tive pain at 24 h (2.06) (2.50) to 0.50) tion interval. Upon exclusion of one study the overall
effect did not remain robust, resulting in a statistically
significant effect size.
Consumption of oral  57.68  69.02 506 (9) -16.33 Very low  High inconsistency (I? of 99.99%). Prediction interval
morphine equivalents (57.99) (68.36) (—22.15to crosses null and confidence interval.
at24 h —-10.51)
Time to mobilisation ~ N/A N/A N/A N/A N/A No studies included in this study reported data for this

outcome

RMD: Raw mean difference; MD: Mean difference

Postoperative pain scores at 6, 12 and 24 h - at rest: FICB
vs. FNB

Manohara et al. [32] found no significant difference between
FICB and FNB (P = 0.334) at 24 h. No other studies com-
pared these two blocks.

Postoperative pain scores at 6 and 24 h - dynamic

Four studies (235 patients) compared dynamic pain scores
between PENG and FICB at 6 and 24 h. No study reported
dynamic pain scores at 12 h postoperatively. A non-signifi-
cant result of SMD of —0.30 (95% CI [—1.00, 0.39]), RMD
of —0.91 (95% CI [-3.02, 1.18]) and SMD of [-0.28 (95%
CI [-0.83, 0.27]), RMD of —0.52 (95% CI [-1.55, 0.50])
was found for dynamic pain scores at 6 and 24 h postop-
eratively, respectively. Subgroup analysis for dynamic pain
scores at 6 and 24 h showed a significant difference between
the general and spinal anaesthetic groups (P = 0.00), due
to one study [41]. Subgroup analysis for block adjunct use
showed a significant difference (P = 0.01), due to Senthil
et al. only [30] for the 6 h outcome. Influence analysis con-
firmed robustness for 6 h, but for 24 h, exclusion of Senthil
et al. [30] drove a significant yet imprecise result (SMD:
—0.51 (95% CI [-0.96, —0.06]), RMD: —0.95 (95% CI
[-1.80, —0.11]), p = 0.027). GRADE scores for 6 and 24 h
were therefore very low.

No studies compared PENG and FNB postoperative pain
scores on movement.

@ Springer

Manohara et al. [32] found no significant difference
between FICB and FNB at 24 h on movement (P = 0.937).

Secondary outcomes

Consumption of oral morphine equivalents in 24 h
postoperatively — PENG vs. FICB

Nine studies (506 patients) were included in the meta-anal-
ysis. Total opioid consumption was lower in the PENG than
in the FICB group (MD of — 11.88 mg (95% CI: [-22.09,
—1.66])) (Fig. 3). The 95% prediction interval was — 47.75
to 23.99 (Fig. 3). Although a statistically significant result,
the MD for oral morphine fell short of the MCID (25 mg).
The test of group differences was statistically significant
for PCA use, patient request or unknown (P = 0.00) (see
Supplementary Files 2). Influence (leave-one-out) analysis
showed that upon exclusion of two studies in turn [42, 25],
the overall effect size became statistically insignificant (P >
0.05). Outlier analysis confirmed robustness of the overall
result (see Supplementary Files 2). GRADE certainty in evi-
dence was very low (Table 3).

Consumption of oral morphine equivalents in 24 h
postoperatively — PENG vs. FNB

Lin et al. [29] was the only study comparing total opioid
consumption between PENG and FNB and found no signifi-
cant difference between the groups (P = 0.85) .
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Table 3 Evidence profile for adult patients with a fractured proximal femur, undergoing surgery, receiving PENG or FICB

Outcome Risk of  Inconsistency Indirectness Imprecision Publi-  Number Overall Quality of
bias cation  of patients effect (95% evidence
bias (studies) CI) (GRADE)
Postoperative pain at 6 h serious®  serious® not serious  not serious not 616 (11) RMD0.18 HPHOO
detected SD lower  Low®"
(0.49 lower
to 0.14
higher)
Postoperative pain at 12 h not serious? serious® serious’ not 509 (8) RMD0.32 OO0
serious® detected SD lower  Very
(0.72 lower  low® %%
to 0.07
higher)
Postoperative pain at 24 h not very serious” ot serious  not serious not 652 (11) RMD 0.14 HPOO
serious® detected SD lower  Low®"
(0.72 lower
to 0.45
higher)
Dynamic postoperative pain  not  very serious’  not serious  serious® not 235 (4) RMD 091 HOOO
at6h serious' detected lower Very
(3.02 lower low"I¥
to 1.18
higher)
Dynamic postoperative pain  not very serious™  not serious  serious” not 235 (4) RMD0.52 OO0
at24 h serious' detected lower Very
(1.55 lower low"™"
to 0.50
higher)
Consumption of oral mor- not very serious”  not serious  serious? not 506 (9) MD11.88 OO0
phine equivalents at 24 h serious® detected SD lower  Very
(22.09 low® P4
lower to
1.66 lower)
Time to mobilisation” N/A N/A N/A N/A N/A N/A N/A N/A

a. The test of group differences was not statistically significant (P>0.05); however, the majority of studies contributing to the overall effect
size (7 out of 11 studies) were rated moderate to high risk of bias.

b. Test for inconsistency (I? of 50.83%).

c. The test of group differences was not statistically significant (P>0.05); however, the majority of studies contributing to the overall effect
size (2 out of 8 studies) were rated moderate to high risk of bias. The subgroup analysis for low RoB showed I*=0.00%; however, these were
only 2 studies.

d. Test for inconsistency (I> of 64.46%).

e. Difference in interventions arose due to Cui et al. using a greater dose of ropivacaine in the FICB group, with the test of group differences
P<0.05.

f. Upon exclusion of one study, the overall effect did not remain robust, resulting in a statistically significant effect size.

g. 5 out of 11 studies were low risk of bias, and the test of group differences was not statistically significant.

h. Very high heterogeneity (I of 88.68%) and wide prediction interval.

i. Majority of studies (3 out of 4) were rated low risk of bias.

j. Very high heterogeneity (I of 85.57%) and wide prediction intervals.

k. Lower bound of the 95% CI (—3.02 to 1.18) exceeds the minimal clinically important difference of 1.8 on the 0—10 pain scale. A wide confi-
dence interval suggests appreciable benefit and appreciable harm.

1. Majority of studies (3 out of 4) were rated low risk of bias.

m. High heterogeneity (I 0of77.50%) and wide prediction interval.

n. Upon exclusion of one study, the overall effect did not remain robust, resulting in a statistically significant effect size.

0. The test of group differences was not statistically significant (P>0.05); however, the majority of studies contributing to the overall effect
size (3 out of 9 studies) were rated moderate to high risk of bias. The subgroup analysis for low RoB showed I*=0.00%; however, these were
only 3 studies.

p. Very high heterogeneity (I* of 99.99%) and very wide prediction interval.

q. Prediction interval crosses null and confidence interval.

r. No studies included in this study reported data for this outcome.

@ Springer
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Consumption of oral morphine equivalents in 24 h Implications for practice
postoperatively - FICB vs. FNB

Manohara et al. [32] found no significant difference between Considering the outcomes, availability of evidence
FICB and FNB (P = 0.87). and strength as per GRADE, PENG may be superior
in improving postoperative analgesia in hip fracture
Time to mobilisation following surgery patients in some domains reported on in trials, but no
clinically important differences were found overall.
No studies reported time to mobilisation. In clinical practice, this should be carefully consid-

Discussion

Overall findings

Although a significant reduction of postoperative
pain scores was found at rest at 6 h in PENG com-
pared to FNB, and analgesic consumption was signifi-
cantly lowered in PENG compared to FICB, neither
of these results were clinically meaningful. Time to
mobilisation was not reported in any other reviews,
highlighting an evidence gap that could be especially
meaningful within this field. The GRADE strength
of evidence rating was very low to low. Overall, this
review indicates that the three peripheral blocks pro-
vide minimally variable pain relief in patients with hip
fractures undergoing surgical repair.

Implications for research

A review comparing PENG to FICB [43] found the
former may improve patient analgesia, however, the
scope of this review was inclusive of all hip opera-
tions. Another review comparing PENG to other
regional blocks found PENG was superior to FICB
and FNB regarding postoperative motor weakness;
they did not evaluate postoperative pain scores [44].
Two previous reviews, including all three blocks in the
emergency department, found PENG may be superior
to FNB and FICB for pain relief [5], but their certainty
was low [4]. The current lack of evidence relating to
time to mobilisation could be addressed by primary
researchers going forward. Addressing this evidence
deficit using standardised milestones of mobilisation
such as time to first stand or walk may provide greater
insight into analgesic superiority.

@ Springer

ered with the MCID, as none of the results met this
threshold.

Strengths and limitations

This review has some notable strengths. The com-
prehensive, repeated search allowed inclusion of 19
studies, with 15 included in meta-analyses, resulting
in an adequate pooled sample size. Due to the number
of studies included, analysis of pain scores at several
postoperative timepoints was possible.

This review also has some limitations. As smaller
studies were included, this could have led to reduced
accuracy when determining the estimated treatment
effect. Difference between postoperative pain scales
used in the studies could have contributed to risk of
bias. VAS and NRS scales are subjective, and under-
standing may vary between patients. To account for
this, SMD was used and converted to RMD for inter-
pretation in the clinical setting. To explore heterogene-
ity, subgroup and sensitivity analyses were performed;
however, these only partially resolved heterogeneity
in some groups. The 95% prediction intervals for all
outcomes suggest future studies will unlikely find a
statistically significant result. Given the sample sizes
of the studies included in the review, we recognise the
potential for Type II error, and future studies should
consider including larger sample sizes to investigate
these between timepoints.

The decision to include only peer-reviewed, full-length pub-
lished RTs sought to ensure the included data was of suitable
quality and subject to academic rigour; however, this may
have resulted in an element of publication bias. This review
was limited by the sole use of aggregate data, which pre-
vented any individual-level characteristic analyses, further
exploration of heterogeneity and robustness of treatment
effects, as well as identifying confounders and publication
bias.

Limiting the inclusion date to 2014-2025 could have
potentially excluded relevant studies that included FNB.
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This time limit was selected to review contemporary papers
to align with current practice standards. In a future review,
this time limit could be modified to allow a possible increase
in the number of studies comparing FNB to FICB.

Lin et al. [29] presented data as a maximum postoperative
pain score (NRS), rather than a mean value, at four hours on
day zero and day one after surgery. It was not specified at
which hour on day one the pain scores were assessed. As
only two studies [38, 29] compared PENG to FNB, meta-
analyses of postoperative pain scores and analgesic con-
sumption in patients receiving a PENG block compared to
FNB could not be performed.

Finally, this review did not include a control arm, which
limits findings to patients undergoing hip fracture repair
who are able to receive PNB. Results do not generalise to
those patients receiving systemic multimodal analgesia, or
neuraxial opioid analgesia, which are all alternative pain
management strategies for this surgical population.

Conclusion

In conclusion, this review yielded clinically non-meaning-
ful postoperative analgesic benefits in PENG compared to
FICB or FNB. Also, although a statistically significant result
for reduction in opioid consumption in patients receiving
PENG compared to FICB, this outcome too was not clini-
cally meaningful. As such, we suggest anaesthetists would
be justified in continuing to administer the regional block in
which they feel most competent, given the limitations of the
review and the low quality of the current evidence available.

Supplementary Information The online version contains
supplementary material available at https://doi.org/10.1007/s00402-0
25-06139-6.
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