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Posterior Hip Pericapsular Block (PHPB)
with pericapsular nerve group (PENG) block
for hip fracture: a case series

Lei Duan'’, Jianzhong Li%", Zhe Chen? Tao Wen', Junyang He' and Afeng Zhang*

Abstract

Background Pain after total hip arthroplasty (THA) for femoral neck fracture (FNF) can be severe, potentially leading
to serious complications. PENG block has become an optional local analgesic strategy in hip fracture surgery, but it
cannot provide effective pain relief for the posterior capsule of the hip joint. Therefore, we modified the traditional
sacral plexus nerve block and named it Posterior Hip Pericapsule Block (PHPB) to complement the blockade of

the relevant nerves innervating the posterior hip capsule region. Thereby, we detail the analgesic effect of PHPB
combined with PENG block on five hip fracture patients and the effect on their hip motor function.

Methods This case series was conducted from December 2023 to February 2024. We performed ultrasound-guided
PHPB combined with PENG block on five patients with hip fractures. Numerical Rating Scale (NRS) pain scores at rest
and maximum NRS pain scores during limb movement of the five patients were recorded within 48 h after surgery.
Their hip flexion, abduction, adduction, keen flexion and quadriceps muscle strength were also recorded. Serious
postoperative complications, including wound infection, hematoma formation, or nerve injury, were recorded.

Results They experienced effective pain control within 48 h postoperatively, with NRS pain scores at rest decreasing
from 3.0 (3.0, 4.5) t0 0.0 (0.0, 1.0) and maximum NRS pain scores during limb movement from 8.0 (7.5,8.5) to 1.0 (0.5,
2.0). They can autonomously perform hip flexion, abduction, adduction, and knee flexion within 48 h postoperatively
without any signs of movement disorders or quadriceps muscle weakness. No severe postoperative complications,
such as wound infections, hematoma formation or nerve damage, were observed in any of the patients.

Conclusions Ultrasound-guided PENG block combined with PHPB provided effective analgesia for hip fracture
patients in the perioperative period. It maintained hip joint motor function and quadriceps muscle strength within
24 h after THA.

Keywords Posterior hip pericapsular block, Pericapsular nerve group block, Hip fracture, Total hip arthroplasty,
Regional anesthesia
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Introduction

Hip fractures are a common injury among the elderly.
They are associated with a significant mortality rate, with
crude mortality rates within 12 months of the fracture
being 15.9% for women and 38.0% for men [1]. About half
the people who have a hip fracture aren’t able to regain
the ability to live independently. When hip fractures
prevent movement for a long time, complications can
include blood clots in the legs or lungs, bedsores, pneu-
monia, further loss of muscle mass and death [2]. Treat-
ment for hip fractures in the elderly typically involves
surgery, and pain after total hip arthroplasty (THA)
can be severe, potentially leading to serious complica-
tions in the cardiovascular and respiratory systems [3].
The procedure-specific postoperative pain management
(PROSPECT) guidelines recommended fascia iliaca com-
partment block (FICB) as the preferred nerve block when
a nerve block is indicated for total hip arthroplasty [4].
However, FICB may not fully block the obturator nerve
and can cause decreased quadriceps muscle strength [5].
Therefore, Girén-Arango et al. proposed the pericap-
sular nerve group (PENG) block in 2018 [6]. As a novel
targeted nerve block technique for the sensory nerves
of the anterior hip capsule, PENG block can selectively
target the articular branches of the femoral nerve, obtu-
rator nerve, and accessory obturator nerves, thereby pro-
viding potential motor-sparing analgesia for hip surgery
[7]. Duan et al. found that continuous PENG block can
reduce exercise VAS pain scores within 48 h after THA
and preserve quadriceps muscle strength in the affected
limb [8]. However, pain in the posterior hip capsule
remains unaddressed [8].

Pain in the hip primarily originates from nocicep-
tors in the anterior hip capsule, but nociceptors in the
posterior hip capsule derive from branches of the sacral
plexus, making it impossible for FICB or PENG block to
block these branches [9]. Tung et al. reported that some
patients who underwent chemical denervation of the
anterior hip capsule still did not achieve sufficient anal-
gesia, indicating that pain in the posterior hip capsule
region still warrants attention [10]. Therefore, our team-
named “Posterior Hip Pericapsular Block (PHPB)” tech-
nique is a modification of the traditional sacral plexus
nerve block technique, which could selectively target and
block the articular branches of the nerve to the quadra-
tus femoris (NQF), superior gluteal nerve (SGN), and
inferior gluteal nerve (IGN). Therefore, we propose the
hypothesis that PHPB could provide analgesia in the pos-
terior hip capsule region and potential motor-sparing.
PHPB with PENG block could provide complete analge-
sia for the entire hip capsule and preserving motor func-
tion of the lower limbs.This approach was applied and
evaluated in this five case reports.
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Methods

Ethics

This study was approved by the Medical Ethics Com-
mittee of Xi'an Aerospace General Hospital (Approval
Number: XHTZYY-2020-LL-02). Patients signed written
informed consent forms after explaining the treatment
procedures, risks, and benefits. This case series was con-
ducted from December 2023 to February 2024.

Patients

This case series included five patients with unilateral hip
fractures caused by trauma, none of whom had contra-
indications to regional block (such as coagulation dys-
function, skin breakage or infection at the puncture
site). Before the regional block procedures, patients were
intravenously administered parecoxib sodium 40 mg and
betamethasone 5 mg, followed by general anesthesia
with a laryngeal mask after PENG block combined with
PHPB. The surgical approach for all patients was the pos-
terior lateral approach for THA, where the operative area
was innervated by the superior cuneal (dorsal branch)
nerve, the iliohypogastric nerve, the subcostal nerve, and
the lateral femoral cutaneous nerve [11], which could not
be completely blocked by both PENG block and PHPB.
Therefore, in this study, regarding the findings of Fusco
[12], 10 ml of 0.25% ropivacaine incisional subcutane-
ous infiltration was performed before the end of the pro-
cedure to eliminate the confounding factors caused by
superficial wounds. After meeting the criteria for laryn-
geal mask removal, patients were transferred to the Post
Anesthesia Care Unit (PACU) and returned to the ward
once vital signs stabilized.

Pericapsular nerve group (PENG) block

The PENG block was performed according to the study
by Girdn [6]. The patient was placed in a supine position,
the skin over the puncture site was disinfected, and the
position of the ipsilateral anterior superior iliac spine
was determined. A 5 MHz convex probe (Sonosite Inc.,
model: S-series) was placed transversely at the edge of
the anterior superior iliac spine plane, then rotated 45°
towards the tail end to align with the rami ossis pubis
(Fig. 1A). The probe was used to identify the anterior
inferior iliac spine (AIIS), then shifted to identify the
iliopubic eminence (IPE), where a bright oval structure
above it represents the psoas tendon (PT). Using an in-
plane technique, a puncture needle (18Gx100 mm, Con-
tiplex type D, Braun Melsungen, Germany) was inserted
from lateral to medial (Fig. 1B), penetrating from the
AIIS to the space between the IPE and the PT after ensur-
ing no abnormalities on negative aspiration, 15 ml of
0.25% ropivacaine was injected between the IPE and the
PT, and the local anesthetic (LA) spread in a hypoechoic
shape between the PT and the IPE (Fig. 1C).
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Fig. 1 Schematic diagram of PENG block (A), image of the block process (B), and ultrasound image (C). Yellow arrow, needle trajectory; FV, femoral vein;
FA, femoral artery; PT, psoas tendon; IPE, iliopubic eminence; AllS, anterior inferior iliac spine; LA, local anesthetic
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Posterior hip pericapsular block (PHPB)

Five minutes after completing the PENG block, the
patient was positioned with the affected side up and the
healthy side slightly flexed at the hip. A low-frequency
convex probe was placed vertically at the midpoint of
the line connecting the posterior superior iliac spine
to the greater trochanter on the affected side, moving
slowly towards the greater trochanter. The movement
was stopped when the image of the greater trochan-
ter, piriformis, and ischiofemoral ligament appeared
(Fig. 2A). Using in-plane needle advancement, the needle
was directed from medial to lateral towards the direc-
tion of the ischiofemoral ligament in the posterior hip
capsule (Fig. 2B). Once the needle tip passed between
the piriformis and the ischiofemoral ligament, with no
abnormalities found on negative aspiration, 15 ml of
0.25% ropivacaine was injected. Ultrasound showed a
hypoechoic shuttle-shaped image of the spread between
the piriformis and the ischiofemoral ligament (Fig. 2C).

Post-intervention assessment
On the day before surgery, the anesthesiologist explained
the meaning of the NRS scale and how it was assessed,
and all five patients were able to accurately understand
and provide feedback on their NRS scores for hip frac-
ture pain. Patients were evaluated for Numerical Rating
Scale (NRS) pain scores at rest (NRS,,) and maximum
NRS pain scores during limb movement (NRS_,.) before
the block, 30 min after the block, 6 h, 12 h, 24 h, and
48 h postoperatively. The NRS was assessed as follows:
patients were asked to choose between 4 categories with
a total of 11 scores (0—10): no pain (0), mild pain (1-3),
moderate pain (4—6), and severe pain (7-10).
Perioperative maximum voluntary angles of hip flex-
ion, hip abduction, hip adduction, and knee flexion with
autonomy and quadriceps muscle strength were assessed.
Quadriceps muscle strength was measured using an
OE-210 tonometer (model number: OE-210, manufac-
tured by Ito Corporation, Japan). The maximum quadri-
ceps muscle strength (Quadriceps muscle strengthy;,x)
of the healthy lower limb was measured in the ward one
day before surgery. The maximum quadriceps muscle
strength (Quadriceps muscle strength,,,x) of the affected
limb was measured at 24 h postoperatively and 48 h post-
operatively in the ward. The quadriceps muscle strength
was measured by the following method [8]. The patient
was placed in the supine position, the hip was fixed, the
straight leg was elevated at 15° for 5 s, and the myo-
graph was placed at the ankle with a slightly downward
resistance to determine the maximum muscle strength
of the quadriceps muscle during isometric contraction.
The maximum value of hip adduction (Hip adduction-
Max) and maximum value of knee flexion angle (Knee
flexiony ) of the healthy limb were measured on the
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ward on the day before surgery. The maximum value of
hip adduction (Hip adduction,;,x) and maximum value
of knee flexion angle (Knee flexion,;,y) of the affected
limb were measured in the ward at 24 h postoperatively
and 48 h postoperatively. The angle of the patient’s hip
and knee joints was measured using the WeChat applet
“Ruler Angle Measurement”” For the measurement of hip
joint adduction angle, the patient lies in a supine position
with the hip flexed, the axis of the electronic protractor
is placed at the position of the greater trochanter of the
femur, and the bottom edge of the protractor coincides
with the anterior axillary line and the prolongation of
the greater trochanter. Then, the adduction angle of the
hip joint can be measured (Supplementary Fig. 1A, 1B,
and 1C). For the measurement of knee flexion angle, the
patient bends the knee in the supine position, the axis of
the electronic protractor is placed at the lateral side of
the knee joint, the bottom edge of the protractor coin-
cides with the long axis of the femur, and the knee flexion
angle can then be measured (Supplementary Fig. 1D).

Postoperative analgesia protocol

A postoperative oral celecoxib (200 mg/day) and a
patient-controlled intravenous analgesia (PCIA) pump
were administered. The PCIA formula consisted of oxy-
codone 40 mg+tropisetron 10 mg in 100 ml of 0.9%
sodium chloride, with a bolus dose of 5 ml, no continu-
ous infusion dose, and a lockout time of 15 min. Intrave-
nous analgesic rescue remedy with hydromorphone, dose
0.1 mg/kg, was used if the NRS score was >3 and per-
sisted for more than 30 min (Table 1).

Statistical analysis

The Kolmogorov-Smirnov normality test was conducted
for continuous variables. Normally distributed variables
were expressed as meanzstandard deviation (SD), and
comparisons between groups were made using one-
way ANOVA. Non-normally distributed variables were
expressed as median (interquartile range, IQR) [M (Q1,
Q3)]. Count data were presented as the number of cases.
The significance level was set at a=0.05, and differences
were considered statistically significant at P<0.05.

Results

In this case series, the five patients (demographic char-
acteristics shown in Table 2) self-reported experiencing
effective pain control within 48 h postoperatively, with
NRS, . scores decreasing from 3.0 (3.0, 4.5) to 0.0 (0.0,
1.0) and NRS, ., scores from 8.0 (7.5, 8.5) to 1.0 (0.5, 2.0)
(Table 3). Notably, all five patients could autonomously
perform hip flexion, hip abduction, hip adduction, and
knee flexion within 24 h postoperatively without any
signs of movement disorders or quadriceps muscle weak-
ness, and none of them showed statistical differences
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Fig. 2 Schematic diagram of PHPB (A), image of the block process (B), and ultrasound image (C). Yellow arrow, needle trajectory; GT, greater trochanter;
IL, ischiofemoral ligament; LA, local anesthetic
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Table 1 Postoperative analgesia for patients
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Patient Consumption of oxycodone (mg) PCIA pump usage (times) Analgesic rescue remedy (times)
0-24h 24-48 h 0-24h 24-48 h 0-24h 24-48 h post-
postoperatively postoperatively postoperatively postoperatively postoperatively operatively

Case 1 4.0 6.0 2 3 0 0

Case 2 0 40 0 2 0 0

Case 3 4.0 80 2 4 0 0

Case 4 0 4.0 0 2 0 0

Case 5 0 4.0 0 2 0 0

Median (IQR) 0.0 (0.0,4.0) 40 (4.0,7.0) 0.0(0.0,20) 2.0(20.3.5) 0(0.0,0.0) 0(0.0,0.0)

Table 2 Patient ch teristi .

able 2 Patient characteristics targeting the NQF, SGN, and IGN on the surface of the
Terms Data . . . . .
ischiofemoral ligament of the posterior hip capsule. Both
Sex (male/female, n) 3/2 « N . » .
Age [mean (SO).4] 683 (63) the “parasacral interfascial plane block (PIPB)” described
g Y 2 N by Tulgar et al. [17] and the “Deep posterior gluteal com-

BMI [mean (SD), kg/m 238(3.5) ) .

ASA physical status [(/I11), ] 12/ partment (PPD) block” described by Vermeylen et al. [18]

Fracture type [(Femur neck/lntertrochanteric), n] 41 represent modifications of the traditional sacral plexus

Note BMI, body mass index; ASA, American Society of Anesthesiologists

compared with the healthy side (all P>0. 05) (Table 4).
Three of these patients did not use opioid analgesics for
24 postoperative hours, and analgesic rescue remedies
did not occur in these five patients for 48 h postopera-
tively (Table 1). No severe postoperative complications,
such as wound infections, hematoma formation or nerve
damage, were observed in any of the patients.

Discussion

This case report demonstrates the successful application
of ultrasound-guided PHPB combined with PENG block
for perioperative analgesia in patients with hip fractures.
The results showed that PHPB with PENG block bal-
anced, controlling pain across the entire hip capsule and
preserving motor function. Particularly notable was that
five patients showed no difference in the angle of volun-
tary hip movement or quadriceps muscle strength on the
operated side compared to the healthy side, with median
NRSy;x scores <3 within 48 h after THA.

According to previous anatomical studies, the ante-
rior hip capsule is innervated by joint branches from the
obturator nerve (ON), accessory obturator nerve (AON),
and femoral nerve (FN) with a high density of nocicep-
tors, making it the primary analgesic target for THA sur-
gery, leading to the development of FICB, femoral nerve
3-in-1 block, and PENG block techniques [13, 14]. Lau-
monerie et al. found that the sciatic nerve innervates the
posterior hip capsule, NQF, SGN, and IGN [15], with
nociceptors found in the upper lateral and lower parts
of the posterior hip capsule [13]. Nagpal’s cadaver study
found that the NQF forms the main branch of the joint
nerve supply to the posterior hip capsule [16]. There-
fore, our team modified the traditional sacral plexus
nerve block technique to develop the PHPB technique,

block techniques. In the study by Tulgar et al., patients
undergoing transfemoral knee amputation required
only postoperative pain management without concerns
regarding lower limb muscle strength [17]. Therefore,
within the context of Enhanced Recovery After Surgery
(ERAS), the PIPB technique may not be suitable for
facilitating the rapid recovery of lower limb motor func-
tion in patients undergoing THA. Furthermore, although
our PHPB technique appears similar to Vermeylen’s PPD
block, clinical practice has significant differences. First,
the PPD block necessitates hip and knee flexion of 90°
on the affected limb [18], a position nearly impossible to
achieve in patients with hip fractures, whereas PHPB can
be performed with only mild hip flexion on the affected
side. Second, the injection site for the PPD block is closer
to the sacral plexus [18]. In contrast, PHPB more closely
resembles the PENG block. We found that injecting local
anesthetics in the region between the piriformis and the
ischiofemoral ligament. The barrier of the piriformis
could keep the local anesthetics away from the sciatic
nerve, avoiding lower limb weakness after block, which
are the advantages of PHPB. In this study, none of the
five patients reported any sensory or motor abnormali-
ties in the lower leg within 24 h postoperatively. One of
the patients (Case 4) could walk a distance of 5 m using
a stand-up walker at the time of transfer out of the
PACU. Consequently, we believe that both PHPB and
PPD blocks represent modifications of the sacral plexus
block, with differences in ultrasound probe positioning
and preservation of lower leg muscle strength. Therefore,
retaining the PHPB name helps to distinguish it from
other sacral plexus block techniques. The use of 15 ml of
local anesthetic for the PENG block in our study center
was informed by the studies of Tran et al. and Leurcha-
rusmee et al., aiming to ensure the effectiveness of the
PENG block while minimizing the impact on the femo-
ral nerve [19, 20]. Additionally, considering that elderly
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Table 3 NRS pain scores of each patient at different points
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patients in the northwest region of mainland China gen-
erally have a lean and frail physique, and based on our
medical center’s experience, we reduced the volume of
local anesthetic for PENG to 15 ml. Tran’s study demon-
strated that both 10 ml and 20 ml of methylene blue could
fully stain the entire anterior capsule of the hip joint and
completely cover the nociceptive nerve fibers in that area
[19]. Leurcharusmee’s study indicated that, for the PENG
block, the MEV90 of methylene blue required to spare
the femoral nerve in a cadaveric model is 13.2 ml [20]. In
this study, the total dose of ropivacaine used was 100 mg
(37.5 mg of ropivacaine for the PENG block, 37.5 mg of
ropivacaine for the PHPB, and 25 mg of ropivacaine for
the SC infiltrated), which is approximately 1.5 mg/kg of
ropivacaine for the regional block and the total amount
of ropivacaine used was less than the 200 mg of the maxi-
mum dose.

Hip pain is often localized to one of three locations:
anterior, lateral, or posterior [21]. In adult patients, ante-
rior hip pain is evaluated by hip flexion [22]. The patient
flexes the hip at 90 degrees, and the examiner extends
the knee and passively moves the hip into adduction
and internal rotation while palpating just lateral to the
ischium. The result is positive if the pain is reproduced
at posterior hip pain [23]. Therefore, the results of this
study showed that the patients could move the hip flex-
ion/adduction/abduction independently at 24 h and 48 h
postoperatively and did not trigger pain in the corre-
sponding areas of the hip. This result suggests that PENG
block and PHPB can produce analgesic effects on the
anterior and posterior parts of the hip joint, respectively.
In addition, although no case-control was set up in this
study, the results of this study showed that the NRSy;,x
of these five patients at the same observation time points
(6 h/12 h/24 h/48 h postoperatively) was lower than that
in the previous study with our team [8]. Also, the opioid
consumption aspect of the results of this study was lower
than that of the study using FICB alone [24]. This result
suggests that the addition of PHPB may be responsible
for further decreasing NRS scores and reducing opioid
consumption.

This case series has the following limitations. First,
we did not assess the sensory and motor block derma-
tome levels at 24 h postoperatively. Given that both
the PENG block and PHPB target the articular branch
nerves, which primarily affect the nociceptors around
the joint capsule and not those in the skin, due to that
these blocks do not produce a sensory block at the skin
level in the surgical area. Since these blocks theoretically
do not affect the femoral or sciatic nerves, patients may
not experience motor block postoperatively. Second, we
could not determine the optimal concentration and vol-
ume of local anesthetics and the impact of the anesthetic
dose on the range of PHPB. Although none of the five
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Table 4 Patient’s perioperative hip range of motion and muscle strength status
Hip flexiony,x (°) Hip abductiony;,y (°)  Hip adductiony,y (°)  Knee flexiony,y (°) Quadriceps
muscle
strength-
max (kg)
Healthy side 103.72+7.11 40.64+1.35 14.69+1.66 11204+£3.28 8.14+0.71
Affected side
24 h postoperatively 94.11£5.21 37.14+£2.56 1262+0.77 106.92+2.60 7.36+0.46
48 h postoperatively 97.97 +3.89 38.87+220 13.15+£0.73 107.43+£4.34 7.36+0.39
F 3.788 3480 2.983 3.662 3613
p 0.053 0.064 0.111 0.076 0.059
patients reported lower limb movement disorders within N Femoral nerve
NQF Nerve to quadratus femoris muscle

48 h postoperatively, we cannot confirm whether 15 ml
of ropivacaine could spread to the surrounding area of
the sciatic nerve and affect lower limb movement, espe-
cially in the calf. Future studies may need to use contrast
agents in cadaver studies to determine the spread range
of local anesthetics in PHPB. Third, due to the inherent
limitations of the case series report, we could not include
a control group to provide more direct comparative data.
However, when compared with previous studies that uti-
lized the PENG block alone [25], our study showed that
three patients were able to maintain an NRS score of less
than 3/10 during hip abduction and adduction move-
ments within 24 h post-THA without the need for opioid
analgesics. This result indirectly suggests the efficacy of
PHPB for postoperative pain management. Nonetheless,
further research with more direct evidence is needed to
confirm the effectiveness of PHPB.

Conclusions

In summary, ultrasound-guided PENG block combined
with PHPB provided effective analgesia for patients with
hip fractures during the perioperative period, especially
enabling patients to autonomously perform movements
such as hip flexion /abduction/adduction and knee flex-
ion with lower pain scores after THA, thereby achiev-
ing early recovery of hip joint function. However, larger
patient cohorts and randomized clinical trials (RCTs) are
needed to validate its efficacy, safety, and potential risks
in THA.
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FICB Fascia iliaca compartment block
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PHPB Posterior hip pericapsular block
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PT Psoas tendon
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NRS, .« Maximum NRS pain scores during limb movement
PCIA Patient-controlled intravenous analgesia

ON Obturator nerve

AON Accessory obturator nerve

RCTs Randomized clinical trials

Supplementary Information
The online version contains supplementary material available at https://doi.
0rg/10.1186/512871-024-02731-2.

[ Supplementary Material 1 ]

Acknowledgements
Not applicable.

Author contributions

All authors contributed to this case report, navigating the clinical decisions
described and the research putting it into the context of the current literature.
All provided input and critique on the final manuscript.

Funding
This study was financially supported by no funding.

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate

This case series was conducted from December 2023 to February 2024. This
study was approved by the Medical Ethics Committee of Xi'an Aerospace
General Hospital (Approval Number: XHTZYY-2020-LL-02). All participating
patients signed an informed consent regarding the procedure, possible
complications, and alternative treatment modalities. All experiments were
performed following relevant guidelines and regulations. No experiments on
animals were conducted.

Consent for publication
Written informed consent was obtained from the patient for publication of
this Case report and any accompanying images.

Competing interests
The authors declare no competing interests.

Received: 23 June 2024 / Accepted: 16 September 2024
Published online: 01 October 2024

References

1. Abraham DS, Barr E, Ostir GV, Hebel JR, Golden J, Gruber-Baldini AL, Guralnik
JM, Hochberg MC, Orwig DL, Resnick B, et al. Residual disability, mortality,
and nursing home Placement after hip fracture over 2 decades. Arch Phys
Med Rehabil. 2019;100(5):874-82.


https://doi.org/10.1186/s12871-024-02731-2
https://doi.org/10.1186/s12871-024-02731-2

Duan et al. BMC Anesthesiology

(2024) 24:352

Sun L, Wang C, Zhang M, Li X, Zhao B. The Surgical timing and prognoses of
Elderly patients with hip fractures: a retrospective analysis. Clin Interv Aging.
2023;18:891-9.

Memtsoudis SG, Fiasconaro M, Soffin EM, Liu J, Wilson LA, Poeran J,

Bekeris J, Kehlet H. Enhanced recovery after surgery components and
perioperative outcomes: a nationwide observational study. Br J Anaesth.
2020;124(5):638-47.

Anger M, Valovska T, Beloeil H, Lirk P, Joshi GP, Van de Velde M, Raeder J,
Group* PW, Anaesthesia tESoR, Therapy P, et al. PROSPECT guideline for total
hip arthroplasty: a systematic review and procedure-specific postoperative
pain management recommendations. Anaesthesia. 2021,76(8):1082-97.
Tran J, Peng PWH, Lam K, Baig E, Agur AMR, Gofeld M. Anatomical study of
the innervation of anterior knee Joint Capsule: implication for image-guided
intervention. Reg Anesth Pain Med. 2018;43(4):407-14.

Giron-Arango L, Peng PWH, Chin KJ, Brull R, Perlas A. Pericapsular Nerve
Group (PENG) Block for hip fracture. Reg Anesth Pain Med. 2018;43(8):859-63.
Lin X, Liu CW, Goh QY, Sim EY, Chan SKT, Lim ZW, Chan DXH. Pericapsular
nerve group (PENG) block for early pain management of elderly patients with
hip fracture: a single-center double-blind randomized controlled trial. Reg
Anesth Pain Med. 2023;48(11):535-9.

Duan L, Zhang L, Shi C-G, Huang L-G, Ao H, Wang Z-P, Deng Y, Sun M-L.
Comparison of continuous pericapsular nerve group (PENG) block versus
continuous fascia iliaca compartment block on pain management and quad-
riceps muscle strength after total hip arthroplasty: a prospective, randomized
controlled study. BMC Anesthesiol. 2023;23(1):233.

Tomlinson J, Ondruschka B, Prietzel T, Zwirner J, Hammer N. A systematic
review and meta-analysis of the hip capsule innervation and its clinical
implications. Sci Rep. 2021;11(1):5299.

Ng TK-T, Peng P, Chan W-S. Posterior hip pericapsular neurolysis (PHPN) for
inoperable hip fracture: an adjunct to anterior hip pericapsular neurolysis.
Reg Anesth Pain Med. 2021;46(12):1080-4.

Nielsen MV, Nielsen TD, Bendtsen TF, Barglum J. The Shamrock sign:
comprehending the trefoil may refine block execution. Minerva Anestesiol.
2018,84(12):1423-5.

Fusco P, Cofini V, Petrucci E, Scimia P, Fiorenzi M, Paladini G, Behr AU, Borghi
B, Flamini S, Pizzoferrato R, et al. Continuous wound infusion and local
infiltration analgesia for postoperative pain and rehabilitation after total hip
arthroplasty. Minerva Anestesiol. 2018;84(5):556-64.

Gerhardt M, Johnson K, Atkinson R, Snow B, Shaw C, Brown A, Vangsness CT.
Characterisation and classification of the neural anatomy in the human hip
joint. Hip Int. 2012;22(1):75-81.

Birnbaum K, Prescher A, Hessler S, Heller KD. The sensory innervation of the
hip joint-an anatomical study. Surg Radiol Anat. 1997;19(6):371-5.

w

20.

21.

22.

23.

24.

25.

Page 9 of 9

Laumonerie P, Dalmas Y, Tibbo ME, Robert S, Durant T, Caste T, Vialla T, Tierce-
lin J, Gracia G, Chaynes P. Sensory innervation of the Hip Joint and Referred
Pain: a systematic review of the literature. Pain Med. 2021;22(5):1149-57.
Nagpal AS, Brennick C, Occhialini AP, Leet JG, Clark TS, Rahimi OB, Hulk K, Bick-
elhaupt B, Eckmann MS. Innervation of the posterior hip Capsule: a cadaveric
study. Pain Med. 2021;22(5):1072-9.

Tulgar S, Selvi O, Senturk O, Unal OK, Thomas DT, Ozer Z. The Maltepe com-
bination: novel parasacral interfascial plane block and lumbar erector spinae
plane block for surgical anesthesia in transfemoral knee amputation. J Clin
Anesth. 2019;57:95-6.

Vermeylen K, Van Aken D, Versyck B, Casaer S, Bleys R, Bracke P, Groen G. Deep
posterior gluteal compartment block for regional anaesthesia of the posterior
hip: a proof-of-concept pilot study. BJA Open. 2023;5:100127.

Tran J, Agur A, Peng P Is pericapsular nerve group (PENG) block a true peri-
capsular block? Regional anesthesia and pain medicine, 2019;44(2): 257-257.
Leurcharusmee P, Kantakam P, Intasuwan P, Malatong Y, Maikong N, Navic P,
Kitcharanant N, Mahakkanukrauh P, Tran DQ. Cadaveric study investigating
the femoral nerve-sparing volume for pericapsular nerve group (PENG) block.
Reg Anesth Pain Med. 2023;48(11):549-52.

Wilson JJ, Furukawa M. Evaluation of the patient with hip pain. Am Fam Physi-
cian. 2014;89(1):27-34.

Chamberlain R. Hip Pain in adults: evaluation and Differential diagnosis. Am
Fam Physician. 2021;103(2):81-9.

Park JW, Lee Y-K, Lee YJ, Shin S, Kang Y, Koo K-H. Deep gluteal syndrome

as a cause of posterior hip pain and sciatica-like pain. Bone Joint J.
2020;102-B(5):556-67.

Mosaffa F, Taheri M, Manafi Rasi A, Samadpour H, Memary E, Mirkheshti A.
Comparison of pericapsular nerve group (PENG) block with fascia iliaca
compartment block (FICB) for pain control in hip fractures: a double-blind
prospective randomized controlled clinical trial. Orthop Traumatol Surg Res.
2022;108(1):103135.

Kukreja P, Uppal V, Kofskey AM, Feinstein J, Northern T, Davis C, Morgan CJ,
Kalagara H. Quality of recovery after pericapsular nerve group (PENG) block
for primary total hip arthroplasty under spinal anaesthesia: a randomised
controlled observer-blinded trial. Br J Anaesth. 2023;130(6):773-9.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Posterior Hip Pericapsular Block (PHPB) with pericapsular nerve group (PENG) block for hip fracture: a case series
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Ethics
	﻿Patients
	﻿Pericapsular nerve group (PENG) block
	﻿Posterior hip pericapsular block (PHPB)
	﻿Post-intervention assessment
	﻿Postoperative analgesia protocol
	﻿Statistical analysis

	﻿Results
	﻿Discussion
	﻿Conclusions
	﻿References


