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Abstract: The pericapsular nerve group (PENG) block is a regional anaesthesia technique for acute pain management that is becoming
frequently employed for emergency lower limb fractures, particularly hip injuries. While current evidence has been predominantly derived
from postoperative randomized trials and case series, the results of recent clinical reports support the preprocedural utility of the PENG
block in emergency settings for rapid analgesia 40-60% pain score reduction and preservation of motor function. This review synthesizes
mechanistic insights and clinical outcomes from the literature, comparing the targeted sensory blockade of the hip capsule with the PENG
block with that of systemic opioids (which risks inducing respiratory depression) and fascia iliaca block (which can induce motor
impairment). Key advantages of PENG blockade include significant opioid-sparing effects (50-70% reduction morphine use) and almost
no motor complications. Standardized ultrasound-guided protocols can address challenges related to anatomical variability. Preliminary
evidence from case reports suggests that the efficacy of the PENG block to pelvic and femoral shaft fractures, although multicentre trials are
needed to establish optimal doses and long-term functional outcomes. This evidence indicates that PENG blockade could serve as
a promising emergency intervention, but further protocol refinement is warranted.
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Introduction
Effective pain control in emergency hip fracture remains a critical challenge, as it requires balancing analgesia against
opioid-related complications (respiratory depression, dependency) and delayed mobilization.' > While systemic opioids
are mainstays in pain control regional techniques such as fascia iliaca compartment blocks (FICBs), particularly the
suprainguinal approach for hip fracture, can improve pain control but cause motor weakness in 30-70% of cases, limiting
the effects of rehabilitation.*°

The pericapsular nerve group (PENG) block, introduced by Giron-Arango et al,” overcomes these limitations through the
ultrasound-guided targeting of the sensory nerves innervating the anterior hip capsule (femoral and accessory obturator
nerves). Importantly, it does not substantially impair motor function enabling immediate weight-bearing rehabilitation in
fragile patients.® Pooled data from 3 randomized controlled trials involving hip fracture patients demonstrated the superiority
of the PENG block over suprainguinal FICB: achieving (1) 40-60% greater pain reduction at 15 min (NRS)and (2) 50-70%
lower opioid consumption.” "' Despite these advantages, the adoption of the PENG block in emergency departments faces

challenges including a steep operator learning curves (due to anatomical complexity)'? and protocol heterogeneity.'*'*
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This review evaluates the role of the PENG block in emergency hip fracture through three objectives:

1. To synthesize mechanistic and clinical evidence (focusing on Level I-III studies);
2. To analyse implementation barriers using implementation science frameworks;
3. To propose standardized ultrasound-guided workflows for trauma teams.

By addressing these objectives, we aim to establish the PENG block as an opioid-sparing cornerstone procedure for hip
fractures, with exploratory applications in the management of pelvic trauma.

Anatomy, Mechanism, and Procedure of the PENG Block

Neuroanatomical Basis

The hip joint capsule receives sensory innervation from three primary nerves: the femoral (anterior), obturator (medial),
and accessory obturator nerves.'>'® While the sciatic nerve predominantly has motor functions, it also contributes minor
sensory fibres to the posterior capsule’> 7 The PENG block selectively targets these sensory pathways, sparing motor

fibres, a critical distinction from traditional nerve blocks that impair mobility. '

Anatomy and Mechanism

The PENG block delivers local anaesthesia near the sensory nerve entry points surrounding the hip capsule under
ultrasound guidance (Figures 1 and 2). This approach achieves dual objectives: (1) blockade of nociceptive signalling via
sodium channel inhibition; and (2) preservation of motor function by avoiding efferent pathways.’**' By selectively
inhibiting nociceptive pathways, the PENG block preserves motor function, enabling early mobilization which is
important for reducing postoperative complications such as deep vein thrombosis.'®*? Ultrasound visualization improves
safety by reducing local anaesthetic systemic toxicity (LAST) risk through the real-time vascular identification of key

vessels. >

Lateral

i

Figure | Ultrasound-guided PENG block: Anatomical landmarks. (A) Cross-section at the iliopubic eminence (IPE) showing the muscular/vascular compartments. (B)
Transverse view showing the anterior inferior iliac spine (AllS) with the psoas tendon (PT) and needle trajectory (arrow). (C) Oblique view showing the spread of the
anaesthetic (¥) between the PT and IPE.

Abbreviations: ASIS, anterior superior iliac spine; AllS, anterior inferior iliac spine; IPE, iliopubic eminence; PT, psoas tendon; IPM, iliopsoas muscle; FA, femoral artery; FV,
femoral vein.
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Figure 2 Two ultrasound approaches. Scanning Technique | (Curvilinear Probe): (A) Initial placement at the AllS. (B) Probe rotation (30—45°) to align with the superior
pubic ramus (SPR). Scanning Technique 2 (Curvilinear Probe): (C) Transverse placement over the Hip capsule. (D) Cephalad movement to visualize the IPE/AIIS.
Abbreviations: AllS, anterior inferior iliac spine; IPE, iliopubic eminence; SPR, superior pubic ramus.

Procedural Workflo

The standardized ultrasound-guided protocol involves three key steps:

Landmark ldentification
The anterior inferior iliac spine (AIIS) and iliopubic eminence (IPE) are chosen as the primary reference points.

Probe Positioning
A curvilinear probe (5—10 MHz) is aligned to visualize the iliopsoas compartment, including the psoas tendon (PT) and

femoral artery (FA).**

Needle Trajectory
The needle is advanced in-plane to administer the anaesthetic between the PT and IPE, ensuring diffusion around the

pericapsular nerves (Figure 3).%

Application Scenarios in Trauma Emergency Care

Hip Fractures

In elderly patients, hip fractures often require rapid analgesia to mitigate the risk of delirium associated with the
administration of systemic opioids. The PENG block outperforms the suprainguinal fascia iliaca blocks (US-guided)
in reducing pain (change in visual analogue scale score (AVAS) = 2.26 vs 3.04) and can reduces respiratory complica-

tions by 68% in elderly patients with hip fractures patients.?*’

Pelvic Fractures

For pubic ramus fractures, combining the PENG block with femoral lateral cutaneous nerve blockade achieves a 72%
reduction in opioid use while preserving quadriceps muscle strength.?® Ultrasound guidance ensures precise anaesthetic
delivery to the pelvic ring, addressing both osseous and soft tissue pain sources.”’
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Lateral

Figure 3 PENG blockade in trauma care. (A) Surface landmarks: ASIS, AllS, IPE, and SPR. (B) Needle trajectory (white arrow) with spread of the anaesthetic (*) near the
PT/FA/SPR.

Abbreviations: AllS, anterior inferior iliac spine; ASIS, anterior superior iliac spine; FA, femoral artery; IPE, iliopubic eminence; PT, psoas tendon; SPR, superior pubic
ramus.

Polytrauma
In polytrauma patients, the PENG block can be integrated into multimodal analgesia protocols, reducing the length of ICU
stays by 1.8 days compared with opioid-centric approaches.’ Its compatibility with other regional techniques (eg, thoracic

epidurals) improves systemic analgesia without increasing respiratory risks.**-'

Technical Considerations and Comparative Advantages

Technical Considerations

Accurate needle placement for the PENG block requires ultrasound guidance, typically with a curvilinear probe (5-10
MHz), to visualize the iliopsoas compartment, femoral artery, and psoas tendon. Anatomical variability among patients
requires careful adjustment of the needle trajectory. The needle should be inserted in-plane to ensure accurate diffusion of
the local anesthetic around the pericapsular nerves, while avoiding motor pathways. A volume of 15-20 mL of 0.375%
ropivacaine is commonly used, but care must be taken to avoid over-dosing and systemic toxicity. While ultrasound
guidance reduces complication risks, including vascular injury and local anaesthetic systemic toxicity (LAST), practi-
tioners should remain vigilant for complications. The PENG block technique has a steep learning curve, with proficiency
requiring approximately 25 cases. Proper patient positioning, such as supine positioning with slight external hip rotation,
is crucial for optimal visualization. Experience plays a key role in ensuring high success rates and minimizing
complications.

Comparative Advantages
95% success rate, outperforming ultrasound-guided FICB (85%).

Limitations
Learning curve (>25 cases) for novice sonographers. '

Low efficacy in subtrochanteric fractures.''*?

Comparison with Traditional Blocks
Femoral Nerve Block (FNB)

FNB causes quadriceps weakness in 70% of cases, delaying mobilization.**¥>
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Fascia Lliaca Block (FIB)
The FIB results in relatively imprecise sensory coverage, with 30% of cases requiring supplemental opioids.*®>*
In contrast, the PENG block achieves complete sensory blockade in 85% of patients with hip fractures without motor

deficits. >4

Future Directions
Protocol Standardization
A consensus on anaesthetic volumes (eg, 15-20 mL ropivacaine 0.375%) should be established for diverse populations.

Technological Integration
Al-assisted ultrasound systems could be developed to shorten training periods.

Outcome Studies
Additional investigations should be conducted in multicentre cohorts to evaluate functional recovery and opioid
dependence rates.

Conclusion
The ultrasound-guided PENG block redefines trauma analgesia from the following perspectives:

@ Precision: The PENG block reduces opioid reliance by 68—85% in patients with hip fractures while sparing motor
function.

@ Safety: Complications are minimized (vascular injury <1%; LAST risk reduction 82%) through real-time
visualization.

(® Versatility: The technique is effective for patients with hip/pelvic fractures with subtrochanteric limitations.

Despite resource constraints, the integration of the PENG block promises global outcome improvements. Multiple trials
(eg, the PENGLISH trial) could aid in solidifying protocols.

Abbreviations

PENG, Pericapsular Nerve Group; FICB, Fascia Iliaca Compartment Block; FNB, Femoral Nerve Block; AIIS, Anterior
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