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Abstract

Total hip arthroplasty (THA) is a highly effective treatment for end-stage osteoarthritis and hip fractures, significantly enhancing
patients' quality of life. However, substantial postoperative pain remains a challenge, potentially impeding rehabilitation,
prolonging hospitalization, and increasing the risk of chronic pain and subsequent revision surgeries. Multimodal analgesia
(MA), which combines two or more analgesic methods with different mechanisms, is commonly employed in clinical practice to
manage postoperative pain in THA. Among these methods, regional nerve blocks and local infiltration analgesia (LIA) have
gained increasing attention due to their excellent analgesic effects and relatively few adverse reactions. This article reviews the
two primary analgesic methods for postoperative THA: regional nerve blocks, including the emerging pericapsular nerve group
block (PENG block), and LIA. Regional nerve blocks, such as femoral nerve block (FNB) and PENG block, have demonstrated
efficacy in reducing postoperative pain and opioid consumption while preserving quadriceps muscle strength, thereby promoting
rapid postoperative recovery. The PENG block, in particular, has shown promise as a preferred nerve block option for THA due
to its ability to effectively block multiple nerves supplying the hip joint without affecting lower limb muscle strength. LIA,
involving the infiltration of a high-volume local anesthetic solution around the joint capsule and surgical incision, has also
proven to be a simple, cost-effective, and efficacious method for acute pain control after THA. Its analgesic effects are
comparable to those of intrathecal morphine injection or peripheral nerve blocks, and it does not affect lower limb muscle
strength. Combining LIA with nerve blocks such as PENG and FNB can further enhance multimodal analgesia. However, there is
currently no unified formula for the drug composition of LIA, and research on liposomal bupivacaine, a sustained-release
formulation of bupivacaine, has yielded varying results regarding its benefits. Overall, current evidence supports the use of
regional nerve blocks, particularly the PENG block, and LIA as effective analgesic methods for postoperative THA, with the
potential for further optimization through combination therapies and standardized protocols.
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1. Introduction

Total hip arthroplasty (THA) is considered the most effi- quality of life. Nonetheless, a considerable number of patients
cacious intervention for end-stage osteoarthritis, hip fractures,  encounter substantial postoperative pain, impeding rehabili-
and related conditions, substantially improving patients’  tation, extending hospitalization, and potentially resulting in
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chronic pain. This enduring pain can detrimentally impact
patients' psychological well-being and elevate the likelihood
of hip joint revision surgeries [1, 2]. Currently, in clinical
practice, THA commonly employs multimodal analgesia (MA)
involving two or more analgesic methods with different
mechanisms [3]. Among these, regional nerve blocks have
gradually emerged as one of the effective strategies for
postoperative pain management, reducing the use of opioid
drugs and their associated adverse effects, enhancing analge-
sic efficacy, improving patient satisfaction after surgery, and
enhancing quality of life [4, 5]. The multimodal analgesia
regimens for postoperative THA include patient-controlled
intravenous analgesia (PCIA), neuraxial anesthesia (such as
spinal or epidural anesthesia), regional nerve block anesthesia,
and local infiltration anesthesia (LIA) [5]. Due to their ex-
cellent analgesic effects and relatively few adverse reactions
in recent years, regional nerve block anesthesia and LIA have
garnered increasing attention and have become favorable
options for perioperative analgesia in THA [6]. This article
provides a review of the two primary analgesic methods cur-
rently employed for postoperative THA: regional nerve
blocks and LIA, aiming to offer references and insights for
clinical postoperative analgesia in THA.

2. Regional Nerve Block

The femoral nerve, obturator nerve, and accessory obtura-
tor nerve are responsible for innervating the anterior capsule
of the hip joint. Meanwhile, the sciatic nerve, quadratus
femoris nerve, superior gluteal nerve, and inferior gluteal
nerve play a role in innervating the posterior capsule of the hip
joint. In addition, the blockade of the lateral femoral cutane-
ous nerve is frequently employed to provide sensory coverage
for the skin incision during hip joint surgery [7]. Common
peripheral nerve blocks include femoral nerve block (FNB),
fascia iliaca compartment block (FICB), and lumbar plexus
block (LPB). However, none of these can completely block all
the nerves supplying the hip joint, and they may also cause a
decrease in postoperative quadriceps muscle strength, in-
creasing the risk of postoperative falls in patients [8]. In 2018,
Girdn-Arango L et al. proposed that the pericapsular nerve
group block (PENG block) not only reduces postoperative
pain after THA but also does not affect lower limb muscle
strength, thereby promoting rapid postoperative recovery in
patients [9]. As a new postoperative analgesic method for
THA, it has received widespread attention.

The target location for the PENG block is near the shallow
groove between the anterior inferior iliac spine (AllS), the
superior pubic ramus, and the iliopubic eminence (IPE). The
iliopsoas tendon (IPT) passes above this groove, traverses the
hip joint, and enters the lesser trochanter of the femur [10, 11].
This is also an important anatomical advantage that enables
the PENG block to effectively block the femoral nerve, ob-
turator nerve, and accessory obturator nerve.

Kukreja P et al. conducted a single-blind, randomized con-
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trolled, single-center study on 112 patients to compare the
effects of PENG block versus no PENG block during the first
THA under neuraxial anesthesia [10]. The results showed that
compared with no block, PENG block could improve the
Quality of Recovery-15 (QOR-15) scale score at 48 hours
postoperatively and reduce the demand for opioids at 48 hours
postoperatively. however, there were no statistically significant
differences in postoperative pain scores or walking distance.
Lin X et al. studied 60 patients and found that compared with
no block, PENG block could relieve the numerical rating scale
(NRS) pain score during activity in patients with hip fractures
and reduce opioid use within 24 hours [12]. PENG block also
demonstrated good efficacy compared with other nerve blocks.
Lin DY et al. studied 60 patients and reported that compared
with FNB, PENG block could reduce the pain score during the
observation period in the post-anesthesia care unit (PACU),
although it had no significant advantage in reducing long-term
postoperative pain scores [13]. However, PENG block could
better preserve quadriceps muscle strength postoperatively and
reduce the risk of falls. Jeevendiran A et al. showed that PENG
block significantly relieved postoperative pain, had no adverse
reactions, and improved patient satisfaction, providing an ef-
fective analgesic option for patients with hip fractures [14]. The
study also found that PENG block combined with lateral fem-
oral cutaneous nerve block (LFCN block) could promote earlier
ambulation in patients compared with FICB, result in greater
hip flexion range of motion postoperatively, and higher muscle
strength on the affected side, thereby facilitating Enhanced
Recovery After Surgery (ERAS) [14]. Duan L et al. compared
the effects of continuous PENG block and continuous FICB
and found that continuous PENG block had superior postoper-
ative analgesic effects and could promote the recovery of
quadriceps muscle strength [15]. Marrone F et al. included 60
elderly patients with proximal femoral fractures and found that
30 minutes after surgery, the proportion of patients with an
NRS score less than 4 was 53.3% in the PENG block group and
53.6% in the FICB group, the results indicated that PENG block
did not provide superior postoperative analgesia compared with
FICB [16]. Braun AS et al. showed that both PENG block and
quadratus lumborum block (QLB) reduced the cumulative oral
morphine equivalent dose postoperatively, and the postoperative
Visual Analog Scale (VAS) scores were comparable; PENG
block did not provide better pain relief than QLB [17].

Although the analgesic efficacy of the PENG block com-
pared to other nerve block techniques remains a subject of
debate, current evidence supports its consideration as a pre-
ferred nerve block option for THA. The PENG block is as-
sociated with reduced postoperative analgesic requirements,
preserved quadriceps muscle strength, improved hip flexion
mobility, and increased patient satisfaction during hospitali-
zation.

3. Local Infiltration Analgesia (LIA)

LIA is an analgesic technique that involves the use of a
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high-volume local anesthetic solution containing adjuvants
(such as epinephrine, ketorolac, opioids, steroids, etc.). The
surgeon administers this analgesic solution by infiltrating it
layer by layer around the joint capsule and the surgical in-
cision after prosthesis placement and suture of the joint
capsule. LIA is a simple and cost-effective method that does
not affect lower limb muscle strength. Its analgesic efficacy
is not inferior to that of intrathecal morphine injection or
peripheral nerve blocks, and it has emerged as an alternative
technique for acute pain control after total knee arthroplasty
(TKA) [18, 19].

Multiple randomized trials comparing LIA with saline, or
no injection have consistently demonstrated its favorable
analgesic effects in the early postoperative period (0-24 hours)
[20-22]. When LIA is used as part of a multimodal analgesia
regimen in combination with acetaminophen, celecoxib, and
gabapentin, no statistically significant differences in pain
scores or opioid requirements have been observed compared
to regimens without LIA [18]. A meta-analysis including 38
randomized controlled trials showed that the LIA group had
lower pain scores, reduced opioid consumption, and fewer
instances of postoperative nausea and vomiting compared to
the non-LIA group, indicating that LIA is effective for acute
pain management after TKA, and intraoperative periarticular
injection may contribute to pain control for up to 24 hours
[23]. Another meta-analysis involving 13 studies, and 909
patients also found that patients receiving LIA had lower pain
scores at rest at 24 and 48 hours postoperatively compared to
the control group [24].

Some studies have compared LIA with other analgesic
modalities. A study comparing the analgesic effects of PENG
block combined with LIA versus LIA alone found that the
combination reduced intraoperative and postoperative opioid
consumption, prolonged the time to the first rescue analgesic,
and decreased pain at rest and during hip flexion activities
within the first 24 hours postoperatively, while preserving
quadriceps muscle strength and promoting early patient re-
habilitation [25]. In one trial, compared to continuous femoral
nerve block (cFNB), LIA provided better analgesia only on
the second postoperative day, with lower pain scores and
reduced opioid requirements in the first 32 hours postopera-
tively [26]. Affas et al. reported that LIA and femoral nerve
block (FNB) had similar analgesic effects in the first 24 hours
postoperatively [27]. Koh et al. randomized trial compared
LIA plus cFNB with cFNB alone and found that LIA reduced
pain in the first 48 hours postoperatively and decreased opioid
requirements in the first 24 hours postoperatively [28]. The
differences in these study results may be attributed to the
varying nerve block techniques used in each study. A
non-blinded, randomized clinical trial involving 75 patients
compared LIA with continuous epidural analgesia and found
that LIA reduced pain from 20 to 96 hours postoperatively and
decreased opioid requirements from 8 to 96 hours postopera-
tively [29]. Spreng et al.'s trial showed that compared to con-
tinuous epidural analgesia, the LIA group experienced in-
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creased pain on the day of surgery but had reduced pain and
opioid requirements from postoperative days 1 to 3 [30].

Furthermore, compared to systemic administration of non-
steroidal anti-inflammatory drugs (NSAIDs), LIA with local
infiltration of NSAIDs provided an analgesic effect of 5 - 10
mm on the VAS [31]. Only the experiment by Parvataneni et
al. included 71 patients who underwent LIA for THA using
bupivacaine, morphine, epinephrine, prednisolone, and anti-
biotics, and patients receiving patient-controlled analgesia
with opioids. In this trial, patients receiving LIA reported
reduced pain and shorter hospital stays from postoperative
days 1 to 3 [32]. However, this trial also had a high risk of bias.
Only one randomized controlled trial involving 60 patients
compared LIA with intrathecal morphine injection and found
that the two groups had similar pain scores in the first 48
hours postoperatively, but the LIA group had increased opioid
requirements [33].

In general, current research supports the favorable local
analgesic effects of LIA, and its combination with nerve
blocks such as PENG block and FNB can better achieve
multimodal analgesia [18]. Currently, there is no unified
formula for the drug composition of LIA. Commonly used
drugs include various local anesthetics such as bupivacaine
and ropivacaine, combined with combinations of NSAIDs,
steroids, opioids, and epinephrine [18]. Research has mainly
focused on the efficacy of liposomal bupivacaine (LB).
Bupivacaine is one of the most widely used local anesthetics.
Compared to bupivacaine hydrochloride, LB provides sus-
tained release of bupivacaine, with analgesia lasting up to 72
hours. It has been approved by the U.S. Food and Drug
Administration (FDA) for use in LIA [34]. Previously pub-
lished meta-analyses have shown that LB provides superior
perioperative analgesia compared to traditional LIA using
ropivacaine [35]. Previous clinical trials have also demon-
strated that LB can reduce pain scores at 12, 24, 48, and 72
hours postoperatively [36, 37]. A retrospective cohort study
also found that local infiltration of LB reduced the use of
opioids and antiemetics within the first 24 hours postopera-
tively [38]. However, the benefits of LB remain controver-
sial. A systematic review including 17 randomized con-
trolled trials on TKA found no difference in pain scores
between LB and bupivacaine [39]. Two large sample ran-
domized controlled trials reported that LB did not improve
postoperative pain in patients [40, 41]. Conversely, Bagsbhy
et al. found that patients in the LB group reported higher
pain scores than those in the traditional LIA group after the
first 24 hours [42]. Nevertheless, the mechanism of LB is
relatively slow, and more attention should be paid to its
analgesic effects 24 hours postoperatively [43]. Nasir et al.
compared the LB group with the control group and found
no difference in the area under the pain curve on postop-
erative day 2. No additional analgesic, functional, or safety
advantages were observed with LB on postoperative day 2
or 3 [43]. The varying results may be due to differences in
the adjuvant drugs used in local infiltration and the con-
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centrations of the drugs. Additionally, the use of adjuvant
analgesics in the control group may have masked any dif-

ferences.

Table 1. Summary of the main studies on LIA and regional nerve block after THA surgery.

Group

PENG group (n=56)
0.5% bupivacaine 25 ml
Placebo group (n=56) [10]

PENG +LIA (n=34)
0.5% ropivacaine 20 ml
LIA (n=36) [44]

PENG +LIA (n=30)
0.375% ropivacaine 20 ml
LIA (n=30) [45]

PENG+ LFCN (n=46)
0.33% ropivacaine 20 ml
FICB (n=46) [46]

PENG (n=30)

0.5% ropivacaine 3 ml/’kg (Maximum dosage: 40 ml)

FICB (n=22) [47]

PENG (n=30)

0.75% ropivacaine 20 ml
FNB (n=30) [12]
Continuous PENG+LIA (n=29)

0.25% ropivacaine 30 ml
Continuous FICB+LIA (n=28) [15]

PENG (n=27)

0.25% ropivacaine 20 ml + 1:200,000 epinephrine

FICB (n=27) [44]

4. Conclusions

At present, regional nerve blocks or LIA are recommended
for postoperative analgesia in elderly patients undergoing THA,
as these techniques have demonstrated efficacy in reducing ad-
verse events. Table 1 provides a summary of the current litera-
ture regarding the use of PENG block and LIA. Furthermore,
when clinically appropriate, integrating nerve blocks into a mul-
timodal analgesia strategy represents a practical and effective
approach. Currently, no studies have determined which nerve
block (FNB or PENG), when combined with LIA, produces
superior outcomes. Future research could focus on exploring
this aspect. Additionally, substantial heterogeneity exists in LIA
protocols and local anesthetic concentrations among studies,
limiting the ability to define a standardized and optimal analge-
sic regimen. Future research should focus on addressing this
variability and identifying the most efficacious LIA protocol.

Abbreviations

THA Total Hip Arthroplasty
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Local anesthetic concentration and volume (PENG block)

MA
LIA
PENG Block
FNB
PCIA
FICB
LPB
AIIS
IPE

IPT
QOR-15
NRS
PACU
LFCN Block
ERAS
QLB
VAS
TKA
cFNB
NSAIDs
LB
FDA

Primary outcome

The QOR-15 scale in 24 hours
after surgery

The highest VAS score during
PACU

The highest NRS score in 48
hours after surgery

The time of the first postoperative
walking

VAS score

The NRS score in 4 hours after
surgery

NRS score after surgery

NRS score after surgery

Multimodal Analgesia

Local Infiltration Anesthesia
Pericapsular Nerve Group Block
Femoral Nerve Block
Patient-Controlled Intravenous Analgesia
Fascia Iliaca Compartment Block
Lumbar Plexus Block

Anterior Inferior Iliac Spine

Iliopubic Eminence

Iliopsoas Tendon

Quality of Recovery-15

Numerical Rating Scale
Post-Anesthesia Care Unit

Lateral Femoral Cutaneous Nerve Block
Enhanced Recovery After Surgery
Quadratus Lumborum Block

Visual Analog Scale

Total Knee Arthroplasty

Continuous Femoral Nerve Block
Nonsteroidal Anti-Inflammatory Drugs
Liposomal Bupivacaine

Food and Drug Administration
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