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Hip fractures cause severe perioperative pain, increased opioid use, and delayed recovery. The ultrasound-guid-
ed pericapsular nerve group (PENG) and suprainguinal fascia iliaca (SIFI) blocks are regional techniques tar-
geting hip innervation. This study aimed to compare the effects of ultrasound-guided PENG and SIFI blocks on
perioperative analgesia and clinical outcomes in hip fracture surgery.

This prospective observational study included patients undergoing hip fracture surgery under spinal anesthe-
sia. Patients received either an ultrasound-guided PENG block or a suprainguinal fascia iliaca block as part of
routine clinical practice. The primary outcome was perioperative pain intensity measured using the numeri-
cal rating scale (0-10), including baseline pre-block assessments, pain during spinal positioning, and postoper-
ative pain scores. All other variables, including ease of spinal positioning, hemodynamic parameters, cumula-
tive 24-hour postoperative tramadol consumption, time to first analgesic requirement, range of motion of the
affected limb, patient satisfaction, and adverse events, were evaluated as secondary outcomes.

A total of 67 patients were included (PENG, n = 34; SIFl, n=33). The SIFI group had significantly lower pain
scores in the neutral position (P=0.004), during limb elevation (P<0.001), and at 2 to 8 hours postoperatively
(P<0.001). The 24-hour consumption of tramadol was lower (P=0.011), and active hip flexion at 8 hours was
greater (P=0.001) in the SIFI group. Other outcomes were similar.

Both the PENG and SIFI blocks provided effective perioperative analgesia. SIFI was associated with lower pain
scores at selected intervals and reduced opioid consumption; however, these findings represent time-specific
associations rather than definitive superiority.
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Introduction

Hip fracture is a common condition in the older adult popula-
tion and is frequently associated with prolonged hospitaliza-
tion and high mortality rates [1,2]. The high prevalence of co-
morbidities and reduced cardiopulmonary reserve in geriatric
patients create substantial challenges for perioperative anes-
thetic management [2,3]. Severe perioperative pain is com-
mon, and although oral or intravenous analgesics are typi-
cally used as first-line therapy, increased drug sensitivity and
susceptibility to adverse effects in this population necessitate
safer and more tolerable analgesic strategies [4-6]. Despite
their effectiveness in pain control, the use of opioids is often
restricted due to a range of established adverse effects, such
as gastrointestinal symptoms, altered mental status, and re-
spiratory suppression [4,5].

Regional anesthesia techniques reduce opioid consumption,
lower pain scores, and facilitate postoperative mobilization;
therefore, they are frequently preferred over systemic opioid-
based regimens [7,8]. In the emergency department setting,
a recent randomized controlled trial demonstrated that ul-
trasound-guided femoral nerve block provides superior anal-
gesia, reduces rescue opioid requirements, and is associated
with fewer adverse effects compared with intravenous opioid
analgesia in patients with hip fracture, including those with
cognitive impairment [9]. However, conventional regional ap-
proaches for hip analgesia, including femoral nerve block and
fascia iliaca block, may not consistently provide adequate an-
algesia of the hip joint capsule and can be associated with
quadriceps weakness, potentially delaying postoperative mo-
bilization and functional recovery [8,10].

As a relatively novel regional anesthesia technique, the ultra-
sound-guided pericapsular nerve group (PENG) block targets
the articular branches of the femoral, obturator, and accessory
obturator nerves by depositing local anesthetic in the muscu-
lofascial plane between the psoas tendon and the pubic ramus
[11,12]. Clinical studies suggest that the PENG block provides
effective analgesia with minimal motor impairment in patients
with hip-related pain; however, the extent and consistency of
its clinical benefits remain under investigation [10,13].

The ultrasound-guided suprainguinal fascia iliaca (SIFI) block
involves the injection of local anesthetic above the inguinal lig-
ament, allowing more proximal spread and facilitating femoral
and lateral femoral cutaneous nerve blockade [14,15]. However,
variability in block success and clinical outcomes has been re-
ported depending on technique and patient population [8,16].

Recent comparative studies, including a systematic review and
meta-analysis and a randomized controlled trial, have evalu-
ated PENG and SIFI blocks for hip fracture surgery, reporting

Dedeoglu A. et al:
PENG vs SIFI block in hip fracture surgery
© Med Sci Monit, 2026; 32: €953081

variable findings regarding analgesic efficacy, opioid consump-
tion, and functional outcomes [17,18]. However, much of the
available evidence is derived from heterogeneous study pop-
ulations, varying surgical settings, and differing analgesic pro-
tocols, which limits direct comparison between techniques.
Despite evidence supporting effective analgesia with both tech-
niques, findings regarding their comparative analgesic efficacy,
opioid-sparing capacity, and effect on perioperative functional
recovery remain inconsistent. Moreover, evidence specifical-
ly focusing on patients with hip fractures undergoing spinal
anesthesia—particularly in terms of spinal positioning qual-
ity and early postoperative mobility—remains limited, repre-
senting a clinically relevant knowledge gap.

Therefore, in this study, we aimed to evaluate and compare the
analgesic effectiveness and perioperative clinical outcomes of
ultrasound-guided PENG and SIFI blocks administered before
spinal anesthesia in patients undergoing hip fracture surgery.

Material and Methods

Ethical Considerations

Approval was obtained from the institutional ethics commit-
tee (December 9, 2022; approval number: 265), and the study
protocol was prospectively registered at ClinicalTrials.gov
(NCT06001996) as an observational cohort study prior to pa-
tient enrollment. The investigation was conducted in accor-
dance with the principles of the 2013 Declaration of Helsinki.
Participants and their family members were informed about
the study procedures, and written informed consent was ob-
tained prior to inclusion.

Study Design

This investigation was structured as a prospective, non-ran-
domized, comparative observational study. Due to its observa-
tional design, neither randomization nor blinding was imple-
mented. To reduce potential selection bias, consecutive patients
meeting the inclusion criteria during the study period were re-
cruited. The choice of regional block technique was based on
routine clinical practice and the judgment of the attending an-
esthesiologist rather than on a predefined allocation protocol.

This approach was chosen to reflect routine clinical practice.
In our institution, anesthetic technique selection is individual-
ized based on patient characteristics and clinician judgment;
therefore, randomization was not implemented, as it could
have interfered with routine decision-making. Both techniques
are commonly used in our practice, and an observational de-
sign was considered appropriate to evaluate their compara-
tive performance under real-world conditions. However, we
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acknowledge that this may introduce selection bias and con-
founding by indication. Baseline characteristics were there-
fore systematically recorded and compared between groups.

Setting

The study was conducted between October 1, 2023, and
December 31, 2023, at the Department of Anesthesiology and
Reanimation, University of Health Sciences, Diyarbakir Gazi
Yasargil Training and Research Hospital, Diyarbakir, Turkey.

Participants

During the study period, patients scheduled for hip fracture
surgery under spinal anesthesia were screened for eligibility.

The inclusion criteria were patients aged 18 to 90 years with
an American Society of Anesthesiologists (ASA) physical sta-
tus classification of I-lll undergoing hip fracture surgery un-
der spinal anesthesia.

Exclusion criteria were infection at the injection site, coagulop-
athy, morbid obesity (body mass index [BMI] > 35 kg/m?), drug
allergy, chronic pain, long-term opioid use, psychiatric disease,
or required emergency surgery. Patients who declined partic-
ipation were also excluded.

Patients were allocated into 2 groups according to the block
technique applied: the PENG block group (PENG group) and
the SIFI block group (SIFI group).

Patients with insufficient postoperative follow-up were exclud-
ed from the final analysis.

Preoperative Assessment

All patients underwent preoperative evaluation by an anesthe-
siologist. Detailed explanations regarding the surgical proce-
dure, anesthetic management, and analgesic block techniques
were provided. Participants received standardized instruction
regarding perioperative pain assessment using the numerical
rating scale (NRS), defined from 0 (no pain) to 10 (worst imag-
inable pain). Informed written consent was obtained from ev-
ery patient prior to inclusion. On the scheduled day of sur-
gery, patients were transferred to the operating room after
an 8-hour fasting period. Two peripheral intravenous cannu-
las (20-gauge) were inserted into the antecubital region ap-
proximately 30 minutes beforehand. Patients were then trans-
ferred to the preoperative preparation area, where standard
monitoring was initiated, including pulse oximetry, noninva-
sive blood pressure measurement, and electrocardiography.
Intravenous premedication with midazolam 1 mg and fentan-
yl 50 pg was administered.
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Pain severity was measured using the NRS immediately before
the block while the patient was in a neutral position (NRS1)
and after 15° elevation of the affected extremity (NRS2). NRS1
and NRS2 were recorded immediately before block adminis-
tration and therefore represent baseline pre-block pain mea-
surements rather than post-block outcomes. Demographic and
clinical data, including age, sex, comorbidities, type of surgi-
cal procedure, ASA physical status, and BMI, were document-
ed for each patient.

Interventions

The nerve blocks were performed in the supine position us-
ing a sterile technique under ultrasound guidance on the
fractured side by an anesthesiologist with at least 5 years of
clinical experience. All peripheral nerve blocks were adminis-
tered prior to spinal anesthesia. An ultrasonography device
(GE LOGIQ e, GE Healthcare, Wauwatosa, WI, USA) equipped with
a 4- to 13-MHz linear transducer and 100-mm short-bevel block
needles (Stimuplex Ultra 360, B. Braun Medical, Melsungen,
Germany) was used. The total dose and concentration of bupi-
vacaine were standardized for all participants. In both groups,
15 mL of 0.375% bupivacaine solution was administered, pre-
pared from bupivacaine HCl (Buvasin 0.5%, Istanbul, Turkey).
During block performance, the ultrasound monitor was con-
sistently positioned outside the patient’s direct field of view.

In our clinic, 1 of 2 regional nerve block techniques is routine-
ly used for patients with hip fractures.

PENG Group

The ultrasound probe was first positioned transversely over
the anterior inferior iliac spine and subsequently rotated to
align parallel with the pubic ramus, enabling visualization of
the iliopsoas muscle-tendon complex in the short axis. Using
an in-plane lateral-to-medial approach, the needle tip was ad-
vanced to the musculofascial plane between the psoas tendon
and the pubic ramus. Under continuous ultrasound visualiza-
tion and intermittent aspiration, the prepared local anesthet-
ic solution was administered slowly (Figure 1A).

SIFI Group

The ultrasound probe was positioned in a parasagittal orien-
tation to visualize the characteristic “bow-tie” sign medial to
the anterior superior iliac spine. An in-plane caudal-to-cepha-
lad approach was then used, and the needle tip was advanced
beneath the fascia iliaca into the plane between the internal
oblique and iliacus muscles. Following negative aspiration, the
prepared local anesthetic solution was administered while the
needle was advanced slowly in the cephalad direction within
the fascia iliaca plane (Figure 1B).
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Figure 1. Ultrasound-guided block techniques used in the study. (A) Ultrasound-guided pericapsular nerve group (PENG) block.
(B) Ultrasound-guided suprainguinal fascia iliaca (SIFl) block. Abbreviations: AllS, anterior inferior iliac spine; IPE, iliopubic

eminence; PT, psoas tendon.

Perioperative Management

Standard monitoring, which had been initiated in the preoper-
ative area, was continued upon arrival in the operating room.
For spinal anesthesia, patients were placed in the sitting po-
sition. During positioning, ease of spinal positioning (EOSP)
scale scores, Modified Richmond Agitation-Sedation Scale
(RASS) scores, and pain intensity during positioning (NRS3)
were recorded. EOSP was evaluated with the 4-point (0-3) EOSP
scale [43]: 0= unable to position; 1 =abnormal posturing due
to pain and required support for positioning; 2 = mild discom-
fort but did not require support for positioning; and 3 = opti-
mal condition of positioning without pain. Patient agitation
during positioning was assessed using the RASS as follows:
0=awake and calm; +1 =restless; +2 = agitated; +3 = very ag-
itated; and +4 = nervous.

For spinal anesthesia, 2 mL of 0.5% hyperbaric bupivacaine
combined with 20 ug of fentanyl was administered intrathe-
cally. Mean arterial pressure and peak heart rate were record-
ed at baseline, during spinal block placement, 5 minutes after
spinal block, during surgery, and at skin closure. The doses of
spinal anesthetic agents, as well as the durations of surgery
and anesthesia, were documented.

Every surgical procedure was performed by a single surgical
team using a posterior surgical approach with patients posi-
tioned in the lateral decubitus position. No periarticular lo-
cal anesthetic infiltration was administered during surgery.

After surgery, patients were admitted to the postanesthesia care
unit. Patients were transferred to the ward once the Aldrete
score reached 9 or higher. Patients who required postoperative
intensive care were admitted to the intensive care unit (ICU).

Postoperatively, all patients received intravenous paracetamol
1 g (Perfalgan, Bristol-Myers Squibb, Itxassou, France) every 8
hours. Postoperative pain severity was measured with the NRS
(0=no pain, 10 =worst imaginable pain). Postoperative NRS
assessments were performed with the patient at rest rather
than during active movement or physiotherapy. Pain scores
were routinely recorded before rescue analgesic administration
when NRS scores exceeded 4. If rescue tramadol was adminis-
tered, reassessment was performed 30 minutes later; howev-
er, for study reporting, the highest pain score recorded with-
in each predefined postoperative interval was retained as the
representative value for that interval. Therefore, NRS4, NRS5,
and NRS6 represent peak resting pain scores within the post-
operative 0-2 hour, 2-8 hour, and 8-24 hour periods, respec-
tively. When the NRS score exceeded 4, intravenous trama-
dol 100 mg (Tramadol HCl, Tramosel 100 mg/2 mL, Istanbul,
Tiirkiye) was administered as rescue analgesia. Pain intensi-
ty was reassessed 30 minutes after tramadol administration.
Adequate analgesic response was defined as a reduction of the
NRS score to 4 or lower or a decrease of at least 2 points from
the pre-rescue value. If adequate analgesia was not achieved
or if pain recurred with NRS higher than 4, tramadol admin-
istration could be repeated at a minimum interval of 6 hours.
The maximum allowable tramadol dose was limited to 400
mg within the first postoperative 24 hours. No additional opi-
oid or regional analgesic rescue intervention was used during
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this period. Time to first analgesic requirement was calculat-
ed from the time of block administration to the first postop-
erative rescue analgesic administration. Time to first analgesic
requirement and the cumulative tramadol requirement within
the initial 24-hour period were recorded.

Postoperative pain assessments were performed hourly during
the first 24 hours after surgery by investigators not involved
in block administration or intraoperative anesthesia manage-
ment, and these assessments were anchored to the end of sur-
gery. For reporting purposes, the highest (peak) pain scores
recorded within each predefined postoperative interval were
documented as NRS4 (0-2 hours), NRS5 (2-8 hours), and NRS6
(8-24 hours), rather than instantaneous point measurements.
These intervals were defined as 0-2, 2-8, and 8-24 hours after
the end of surgery. Range of motion (ROM) was evaluated as
the degree of active flexion of the operated hip joint using a
standard goniometer by a trained clinical assessor at postop-
erative hours 4 and 8. A questionnaire was administered to
patients 24 hours postoperatively to assess satisfaction with
analgesic management, and patient satisfaction scores were
recorded as 1 = very unsatisfied; 2 = quite unsatisfied; 3 = mod-
erately satisfied; 4 = quite satisfied, and 5 = very satisfied. ICU
and ward lengths of stay, postoperative complications, and ad-
verse effects were recorded.

In cases of severe nausea or vomiting, patients received 10 mg
of metoclopramide. All patients were prescribed daily throm-
boembolism prophylaxis with a direct factor Xa inhibitor for 4
weeks postoperatively. Rehabilitation exercises targeting the
quadriceps were started on the day of surgery, and early post-
operative mobilization was encouraged.

Outcomes

The primary outcome was perioperative pain intensity. Pain in-
tensity was assessed using the NRS, ranging from 0 (no pain)
to 10 (worst imaginable pain), at predefined time points in-
cluding baseline pre-block assessment in the neutral position
(NRS1), baseline pre-block assessment during 15° elevation
of the affected extremity (NRS2), during spinal positioning
(NRS3), and within postoperative intervals 0-2 hours (NRS4),
2-8 hours (NRS5), and 8-24 hours (NRS6).

All other variables, including EOSP, hemodynamic parameters,
cumulative 24-hour postoperative tramadol consumption, time
to first analgesic requirement, ROM of the affected limb, pa-
tient satisfaction, and adverse events, were evaluated as sec-
ondary outcomes. The EOSP scale was scored from 0 (unable
to position) to 3 (optimal positioning without pain). Patient
agitation during positioning was assessed using the RASS.
Perioperative hemodynamic parameters, including mean arte-
rial pressure and heart rate, were recorded at baseline, during
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spinal anesthesia, 5 minutes after spinal block, intraoperative-
ly, and at skin closure. Postoperative analgesic use was quan-
tified by cumulative tramadol consumption within the first 24
hours, and the interval to initial analgesic requirement was
defined as the time from block administration to the first re-
quest for rescue analgesia. Mobility of the affected limb was
evaluated by measuring active hip flexion ROM in degrees of
the operated hip joint at 4 and 8 hours after surgery, using
a standard goniometer. Measurements were performed by a
trained clinical assessor and recorded as the maximum degree
of active flexion tolerated by the patient. Patient-reported sat-
isfaction was assessed at 24 hours using a 5-point Likert scale
(1 =very unsatisfied to 5 = very satisfied). Adverse events, in-
cluding nausea, vomiting, and other complications, were pro-
spectively recorded during the perioperative period.

Data Sources and Measurements

Perioperative anesthesia management, surgical technique,
intraoperative monitoring, and postoperative analgesic pro-
tocols were standardized for all patients to reduce poten-
tial confounding effects. Pain scores and perioperative vari-
ables were recorded prospectively at predefined time points
using standardized protocols. Study data were collected from
medical records and through face-to-face assessments con-
ducted in both the operating room and the ICU. Outcome as-
sessments were performed using standardized protocols by
investigators who were not involved in block administration
or intraoperative anesthesia management, to ensure consis-
tency of data collection. However, formal assessor blinding to
the type of regional block was not feasible because postop-
erative follow-up and perioperative documentation were in-
tegrated into routine clinical workflow. As a result, assessors
were aware of the block technique applied, which may have
introduced measurement bias, particularly for subjective out-
comes such as pain scores and patient satisfaction.

Bias

Potential sources of bias were considered during the study de-
sign and analysis. Selection bias was minimized by consecu-
tive patient inclusion, and standardized perioperative protocols
were applied to reduce variability between groups. However,
due to the non-randomized design, confounding by indication
cannot be completely excluded. In particular, baseline clinical
characteristics may have influenced both the treatment alloca-
tion and study outcomes. Among these, BMI was considered a
potentially important confounder, as weight-related differences
can affect the pharmacodynamic response to commonly used
analgesic and anesthetic agents. To address this issue, BMI
was incorporated as a covariate in adjusted statistical models.
Nevertheless, residual confounding due to unmeasured or in-
adequately controlled variables cannot be entirely ruled out.
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In addition, formal assessor blinding was not feasible, due to
the observational design and routine perioperative workflow.
Although outcome assessments were conducted by investiga-
tors not involved in block performance, assessors were aware
of group allocation, which may have introduced observer bias,
particularly for patient-reported outcomes.

Study Size

The required sample size was determined using G*Power soft-
ware (version 3.1.9.4; Kiel University, Kiel, Germany), based on
early perioperative pain intensity assessed using the NRS as
the primary outcome. The expected standardized effect size
(Cohen’s d~0.72) was derived from previously published ran-
domized controlled trial data on postoperative pain outcomes
in patients undergoing hip surgery [19], based on the differ-
ence in mean NRS values and the pooled standard deviation
between treatment groups. Assuming a 2-sided a level of 0.05,
a statistical power of 80%, and equal group allocation (1: 1),
the minimum required sample size was calculated as 32 pa-
tients in each group.

Statistical Analysis

Statistical analyses were performed using SPSS software (ver-
sion 16.0; IBM Corp, Armonk, NY, USA). Continuous variables
are presented as mean +standard deviation (SD) when nor-
mally distributed and as median (interquartile range, [IQR])
when non-normally distributed. Categorical variables are ex-
pressed as frequencies and percentage.

The normality of continuous variables was assessed using the
Shapiro-Wilk test together with visual inspection of Q-Q plots
and histograms. Variables demonstrating non-normal distribu-
tion, including 24-hour tramadol consumption, ROM at 4 and
8 hours after surgery, and ICU length of stay, were reported
as median (IQR) and compared using the Mann-Whitney U
test. Length of hospital stay showed a normal distribution and
was therefore presented as mean +SD and compared using
the independent samples t test. Between-group comparisons
for continuous variables were performed using either the in-
dependent samples t test or the Mann-Whitney U test, as ap-
propriate. Categorical variables were compared using the chi-
square test or Fisher’s exact test when expected cell counts
were less than 5.

Perioperative repeated measurements of NRS pain scores and
hemodynamic variables were analyzed using linear mixed-ef-
fects models to account for within-subject correlations over
time. Time was treated as a categorical factor, and fixed ef-
fects for group, time, and group x time interaction were includ-
ed, together with a random intercept for participants. All pre-
defined NRS assessment points (NRS1 to NRS6) were included
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in the longitudinal model as repeated categorical time lev-
els. Baseline pre-block pain measurements (NRS1 and NRS2)
were retained within the model as predefined perioperative
assessment points rather than being treated as separate co-
variates, as they were considered part of the overall periop-
erative pain trajectory.

Because the allocation of block technique was not randomized
and was based on routine clinical practice, potential confound-
ing factors were considered in the statistical analysis. BMI was
identified as a clinically relevant covariate, as weight-related
differences may influence the pharmacodynamic response to
analgesic and anesthetic agents. Accordingly, BMI was includ-
ed as the primary adjustment covariate in adjusted models.
Other baseline variables, including ASA physical status, type of
surgical procedure, and major comorbidity burden, were also
evaluated as potential confounders. However, these variables
showed no clinically meaningful between-group imbalance,
and inclusion of multiple covariates in a relatively small sam-
ple may increase the risk of model instability and overfitting.
Therefore, BMI was selected as the primary adjustment vari-
able based on statistical imbalance and clinical relevance. This
adjustment was performed to control for the potential con-
founding effect of weight-related variability on pain scores,
positioning conditions, and perioperative outcomes.

Because postoperative NRS assessment intervals were an-
chored to the end of surgery rather than the time of block ad-
ministration, operative duration was also considered a clini-
cally relevant variable that could influence the elapsed time
between block performance and postoperative pain evalua-
tion. Therefore, operative duration was reported descriptive-
ly and additionally included in adjusted models together with
BMI where appropriate.

Hemodynamic variables, including mean arterial pressure and
heart rate, were analyzed using separate linear mixed-effects
models with fixed effects for group, time, and group x time
interaction, while BMI and operative duration were included
as covariates, and a random intercept for participants was in-
cluded to account for repeated measurements. Overall (om-
nibus) significance of fixed effects was evaluated using Type
Il tests derived from the mixed-effects models. Adjusted pair-
wise comparisons were performed when appropriate.

Holm-Bonferroni—adjusted post hoc pairwise comparisons
were conducted for prespecified clinically relevant time inter-
vals to support interpretation of time-specific between-group
differences identified within the longitudinal models. Mixed-
effects model estimates are presented with standard errors and
95% confidence intervals where applicable. Time-specific com-
parisons were interpreted descriptively and in relation to the
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overall mixed-effects model findings. All statistical tests were
2-sided, and P<0.05 was considered statistically significant.

All study outcomes were prospectively defined before data col-
lection. Pain scores and repeated perioperative measurements
were analyzed using linear mixed-effects models to appropri-
ately account for repeated observations within participants
over time. Single-time-point continuous variables, including tra-
madol consumption, time to first analgesic requirement, and
range of motion, were analyzed using independent samples t
tests or Mann-Whitney U tests as appropriate. Categorical vari-
ables, including adverse events and positioning scores, were
analyzed using chi-square or Fisher’s exact tests. This approach
ensured a structured, transparent, and reproducible statistical
evaluation of all study outcomes.

Missing data and losses to follow-up were assessed before sta-
tistical analysis. Patients excluded from the final analysis due
to insufficient postoperative follow-up were primarily those
who were discharged early, transferred to another unit or in-
stitution, or had incomplete postoperative pain assessments
within the predefined time intervals. The frequency and rea-
sons for missing follow-up were evaluated and compared be-
tween groups, and no clinically meaningful imbalance was ob-
served. Because the proportion of missing data was low and
limited to outcome measurements rather than baseline vari-
ables, a complete-case analysis approach was adopted. No im-
putation methods were applied. Given the low rate of missing-
ness and its presumed non-differential distribution between
groups, sensitivity analyses were not performed; however, the
potential impact of missing data on study findings is acknow!-
edged as a limitation. Accordingly, no missing data were pres-
ent in the final analysis dataset.

Results

During the study period, 85 patients were assessed for eligi-
bility. Twelve patients were excluded prior to enrollment be-
cause of refusal to participate (n=3), coagulopathy (n=2),
BMI > 35 kg/m? (n = 2), chronic pain (n = 1), psychiatric disease
(n=2), and emergency surgery (n=2). No patients were ex-
cluded because of infection at the injection site, drug allergy,
or long-term opioid use.

A total of 73 patients were included in the study. During post-
operative follow-up, 6 patients were excluded from the final
analysis because of incomplete outcome assessment within the
predefined postoperative intervals (4 in the PENG group and 2
in the SIFI group). These patients were primarily discharged ear-
ly, transferred to another unit or institution, or had incomplete
postoperative pain assessments. No clinically meaningful be-
tween-group imbalance was observed regarding the frequency
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Patients admitted to
hip fracture surgery

Enrollment

Assessed for eligibility
(n=85)

Excluded (N=12)

« Refused to participate (n=3)
- Coagulopathy (n=2)

« BMI>35 kg/m? (n=2)

« Chronic pain (n=1)

« Psychiatric disease (n=2)

« Emergency surgery (n=2)

Allowed to study
(n=73)

Allocation

—| Incomplet data (n=6) ‘

Analysis Completed data collection

(n=67)

Figure 2. Flow diagram of patient enrollment, exclusion, and
final analysis.

or reasons for missing follow-up. Consequently, 67 patients
were included in the final analysis, consisting of 34 patients in
the PENG group and 33 patients in the SIFI group (Figure 2).

The mean age of the study population was 79+ 11 years. The
mean surgical duration was 59 + 15 minutes, and the total du-
ration including anesthetic procedures was 78+ 16 minutes.
Surgical duration was recorded for all patients and was con-
sidered in the adjusted analysis because postoperative pain
assessment intervals were defined according to the end of
surgery rather than the exact time of block administration.
Inclusion of operative duration in adjusted models did not alter
the direction or statistical significance of the primary findings.

When the PENG and SIFl groups were compared with respect
to demographic and clinical characteristics, no significant dif-
ferences were observed, except for BMI, which was significant-
ly lower in the SIFI group than in the PENG group (P=0.04)
(Table 1). ASA class distribution, type of surgical procedure, and
major comorbidity profiles were comparable between groups.
Because BMI showed both statistical imbalance and clinical
relevance for perioperative analgesic response, it was retained
as the primary adjustment covariate in the final mixed-effects
models, whereas the remaining baseline variables were not
included, to avoid unnecessary model instability and overfit-
ting in a relatively small sample.

Perioperative pain scores, the primary outcome of the study,

are presented in Table 2. NRS1 and NRS2 represented base-
line pre-block pain measurements obtained before block
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Table 1. Comparison of demographic and intraoperative characteristics between the pericapsular nerve group (PENG) and
suprainguinal fascia iliaca (SIFI) groups.

All patients PENG group SIFI group
Features ((EX)) (GEEL)) (CEEX))
(Mean £ SD) (Mean £ SD) (Mean £ SD)

Abbreviations: SD, standard deviation; BMI, body mass index; ASA, American Society of Anesthesiologists physical status classification;
PFN, proximal femoral nail.

Table 2. Comparison of perioperative pain scores between the pericapsular nerve group (PENG) and suprainguinal fascia iliaca (SIFl)
groups assessed by the numerical rating scale (NRS).

n (%) n (%) n (%)
L
O Sex
O Male 27 (40%) 14 (41%) 13 (39%) 0.88
m Female 40 (60%) 20 (59%) 20 (61%)
D. Comorbidity
1 36 (54%) 20 (59%) 16 (48%)
>. ———————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————— 0.64
2 21 (31%) 10 (29%) 11 (33%)
e
_l 3 10 (15%) 4 (12%) 6 (18%)
— ASA physical status
g | 1 (1%) 0 1 (3%)
O ———————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————— 0.28
Il 26 (39%) 11 (32%) 15 (45%)
D ] 40 (60%) 23 (68%) 17 (52%)
Lu Surgical procedure
> Hip prosthesis 29 (43%) 12 (35%) 17 (51%) 0.18

PENG Group (n = 34) SIFI Group (n=33)
Median (IQR) Median (IQR)

Abbreviations: IQR, interquartile range; NRS, numerical rating scale; NRS1, neutral position; NRS2, 15° elevation of the affected
extremity; NRS3, spinal positioning; NRS4, 0-2 hours after surgery; NRS5, 2-8 hours after surgery; NRS6, 8-24 hours after surgery.
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Numerical rating scale
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|
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NRS4 NRS5 NRS6

Figure 3. Comparison of perioperative pain scores across different time points between the pericapsular nerve group (PENG) and
suprainguinal fascia iliaca (SIFl) groups. Abbreviations: NRS, numerical rating scale; NRS1, neutral position; NRS2, 15°
elevation of the affected extremity; NRS3, spinal positioning; NRS4, 0-2 hours after surgery; NRS5, 2-8 hours after surgery;

NRS6, 8-24 hours after surgery.

administration, whereas NRS3 to NRS6 reflected pain during
spinal positioning and postoperative follow-up. The P values
in Table 2 represent unadjusted time-point comparisons and
were used descriptively. The main statistical inference was
based on the mixed-effects model presented in Table 3. NRS
scores at time points 1, 2, and 5 were significantly lower in
the SIFI group than in the PENG group (P=0.004, P<0.001,
and P<0.001, respectively), whereas no significant between-
group differences were observed at the remaining time points
(Figure 3). However, NRS1 and NRS2 represented baseline pre-
block pain assessments obtained before administration of the
regional block and therefore reflect pre-existing between-group
differences rather than treatment-related analgesic effects.
Accordingly, interpretation of comparative analgesic effica-
cy should primarily focus on post-intervention assessments.

Longitudinal analysis using a linear mixed-effects model dem-
onstrated a significant overall effect of time on perioperative
NRS scores (P<0.001) as well as a significant time x group in-
teraction (P<0.001), indicating that the temporal evolution of
pain differed between the PENG and SIFI groups. The mixed-
effects model included all predefined perioperative pain as-
sessments (NRS1 to NRS6), including baseline pre-block mea-
surements (NRS1 and NRS2), which were analyzed as repeated
time points within the overall perioperative pain trajectory
rather than as separate adjustment covariates. In contrast,
the overall group effect was not statistically significant after
accounting for repeated measurements and covariate adjust-
ment (B =-0.065, SE=0.296, 95% Cl -0.645 to 0.515; P=0.827),
indicating that mean perioperative pain scores across all time
points were similar between groups. BMI was retained in
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adjusted models based on both baseline imbalance and clin-
ical relevance; however, it was not independently associat-
ed with NRS scores (8=0.001, SE=0.003, 95% ClI -0.004 to
0.007; P=0.646). Reflecting the significant time x group in-
teraction, adjusted pairwise comparisons demonstrated that
the most pronounced between-group difference occurred dur-
ing the postoperative 2-8 hour interval (NRS5). Significantly
lower NRS5 scores were observed in the SIFl group compared
with the PENG group (adjusted mean difference =-1.59; 95%
Cl, -2.13 to -1.05). Holm-Bonferroni-adjusted pairwise com-
parisons confirmed that this difference at NRS5 remained
statistically significant after adjustment (adjusted P<0.001).
Furthermore, operative and anesthesia durations were com-
parable between groups, suggesting that major differences
in block-to-assessment timing were unlikely. Together, these
findings indicate that between-group differences in pain were
time-dependent associations rather than reflecting a constant
overall treatment effect (Table 3).

Secondary outcomes included intraoperative hemodynam-
ic parameters, postoperative analgesic consumption, mobili-
zation outcomes, hospital stay, ICU stay, patient satisfaction,
and adverse events.

Regarding intraoperative hemodynamic parameters, unadjusted
comparisons showed that mean arterial pressure values were
significantly lower in the PENG group than in the SIFI group at
5 minutes after spinal block, during surgery, and at skin clo-
sure (P=0.037, P=0.017, and P=0.031, respectively). Heart
rate values were significantly higher in the PENG group at all
measured time points except baseline (P=0.009, P=0.004,

[Chemical Abstracts/CAS]

APPROVED GALLEY PROOF

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]



Dedeoglu A. et al:
PENG vs SIFI block in hip fracture surgery
© Med Sci Monit, 2026; 32: €953081

CLINICAL RESEARCH

Table 3. Comparison of perioperative numerical rating scale (NRS) scores between the pericapsular nerve group (PENG) and su-
prainguinal fascia iliaca (SIFI) groups using a linear mixed-effects model.

Effect Estimate () SE 95% ClI P
Group -0.065 0.296 -0.645 to 0.515 0.827
ew o001 0003  -0004to0007 0646
Time overal) - e - . - w0
Timexgroup (overal) - . - . - w0

Abbreviations: BMI, body mass index; SE, standard error.All predefined perioperative pain assessments (NRS1-NRS6), including
baseline pre-block measurements (NRS1 and NRS2), were included in the mixed-effects model as repeated categorical time levels.
Time and time x group P values represent overall (omnibus) Type Ill tests derived from the mixed-effects model. Holm-Bonferroni—
adjusted post hoc comparisons were used to support interpretation of prespecified clinically relevant intervals.

O Table 4. Comparison of intraoperative hemodynamic parameters between the pericapsular nerve group (PENG) and suprainguinal
O fascia iliaca (SIFI) groups.
Y PENG Group (n = 34) SIFI Group (n =33) »
D_ (Mean  SD) (Mean * SD)
>- MAP baseline 111+18 115+13 0.24
L MAP when performing spinal block 108+ 13 112+12 0.15
— MAP 5 minutes after spinal block 91+16 98+9 0.037
Zl MAP during surgery 91+14 99+6 0.017
O MAP in skin closure 92+13 98+8 0.031
HR baseline 87+14 83+8 0.16
D HR when performing spinal block 89+12 82+8 0.009
g HR 5 minutes after spinal block 77+12 69+6 0.004
O HR during surgery 77+13 68+5 0.005
m HR in skin closure 76+ 13 67+5 0.006
D_ Abbreviations: SD, standard deviation; MAP, mean arterial pressure; HR, heart rate. Table 4 presents unadjusted between-group
comparisons at individual perioperative time points. In addition, repeated hemodynamic measurements were analyzed using separate
D— linear mixed-effects models including fixed effects for group, time, and group x time interaction, with body mass index and operative
< duration as covariates and a random intercept for subjects. For both MAP and HR, significant overall time effects were observed

(P<0.001), whereas neither the overall group effect nor the group x time interaction remained statistically significant after adjustment
(all P> 0.05), indicating no consistent longitudinal between-group differences.

P=0.005, and P=0.006). These descriptive between-group
comparisons are presented in Table 4. Because these com-
parisons were based on isolated time-point analyses, longitu-
dinal mixed-effects modeling was additionally performed to
evaluate overall hemodynamic trajectories. The hemodynamic
findings presented in Table 4 should therefore be interpreted
as descriptive unadjusted time-point comparisons rather than
definitive longitudinal between-group effects.

To account for repeated measurements over time and potential
confounding related to BMI and operative duration, separate

This work is licensed under Creative Commons Attribution-
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linear mixed-effects models were performed for mean arterial
pressure and heart rate. These models included fixed effects
for group, time, and group x time interaction, with a random in-
tercept for participants. Both mean arterial pressure and heart
rate demonstrated significant overall effects of time, reflect-
ing expected perioperative physiological variation. However,
after adjustment, neither the overall group effect nor the
group x time interaction remained statistically significant, in-
dicating no consistent longitudinal between-group differenc-
es in hemodynamic profiles. Accordingly, the primary inter-
pretation was based on the repeated-measures mixed-effects
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Table 5. Comparison of ease of spinal positioning (EOSP) and sedation levels between the pericapsular nerve group (PENG) and

suprainguinal fascia iliaca (SIFI) groups.

Combative

PENG group

SIFI group

A n (%) 4
e o
26w 16% 0.11
20 (9% 13 (39%)

12 5% 19 (58%)
D25 (73%) 22 (61%)
8 (3% 8 (4%
””” 1 6% 3% 0.5
b BB 2
S s

Abbreviation: RASS, Richmond Agitation-Sedation Scale.

Table 6. Comparison of postoperative analgesic consumption and time to first analgesic requirement between the pericapsular nerve

group (PENG) and suprainguinal fascia iliaca (SIFl) groups.

PENG group (n=34)

Median (IQR)

24-hour tramadol consumption (mg)

Time to first analgesic requirement (hours)

100 (0-100)

9 (6.75-12.25)

SIFI group (n=33)
Median (IQR)

100 (0-100)

10 (8-12.5) 0.14

Abbreviation: IQR, interquartile range. Continuous variables were analyzed using the Mann-Whitney U test.

models, which supported comparable overall hemodynam-
ic stability between the PENG and SIFI groups despite isolat-
ed significant unadjusted comparisons at specific time points.

No significant differences were observed between groups re-
garding EOSP, including EOSP and RASS scores during spi-
nal positioning (P=0.11 and P=0.55, respectively), indicating
comparable procedural comfort and sedation quality between
the groups (Table 5).

Among secondary analgesic outcomes, postoperative analge-
sic consumption differed between groups, with significantly
lower 24-hour tramadol consumption in the SIFl group than in
the PENG group (median [IQR]: 100 [0-100] vs 100 [0-100] mg;
P=0.011) (Table 6). Although median values were numerically
similar, differences in distribution between groups resulted in
statistical significance on Mann-Whitney U testing, indicating
lower overall postoperative opioid requirement in the SIFI group.

When the groups were compared in terms of postoperative
mobilization, length of hospital stay, ICU stay, patient satis-
faction, and adverse events, active hip flexion ROM in the SIFI

This work is licensed under Creative Commons Attribution-
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group was higher at both 4 and and 8 hours postoperative-
ly. However, the between-group difference reached statistical
significance only at 8 hours postoperatively (median [IQR]: 35
[32.5-42.5] vs 30 [15-36.25]; P=0.001). No significant differ-
ences were observed between groups regarding length of hos-
pital stay, ICU length of stay, patient satisfaction scores, or the
occurrence of adverse effects (Table 7).

Discussion

In the present study, we compared ultrasound-guided PENG
and SIFI blocks in patients undergoing surgery for hip frac-
tures and evaluated their perioperative analgesic and hemo-
dynamic effects. Both techniques provided effective analgesia
and facilitated spinal positioning; however, within the context
of this prospective non-randomized observational design, the
SIFI block was associated with lower pain scores at selected
early perioperative time points, reduced postoperative opioid
consumption, and improved early joint mobility, suggesting a
time-dependent analgesic association rather than definitive
superiority. Although both techniques significantly reduced
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Table 7. Comparison of postoperative recovery outcomes, patient satisfaction, and adverse effects between the pericapsular nerve
group (PENG) and suprainguinal fascia iliaca (SIFI) groups.

PENG group (n=34)

SIFI group (n=33)
Median (IQR)

Median (IQR)

Active hip flexion ROM at 4 hours postoperatively (°) 2.5 (0-15) 10 (5-15) 0.06
 Active hip flexion ROM at 8 hours postoperatively () 30 (1536.25) 35 (325425 | 0001
Length of stay in intensive care unit (howrs) 205 (1836) 22 (15533 0s7
Length of hospital stay (hours) (mean£sD) s3:36 e5£18 008
777777777777777777777777777777777777777777777777777777777777777777777777777777777777 n (%) n (%)
Patient satisfactionscore
"""" Very dissatisfied o o
"""" Quite dissatisfed o o
—————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————— 0.24

Moderate 5 (15%) 1 3%)
"""" Quite satisfied 18 (3%) 19 (58%)
"""" Verysatisfied 11G% 13 6%
CAdverseeffects
"""" N 3w 33 (00% 015
"""" s a2e» 0o

Abbreviations: ROM, range of motion; IQR, interquartile range; SD, standard deviation. Continuous variables with normal distribution
were analyzed using the independent samples t test; non-normally distributed variables were analyzed using the Mann-Whitney U
test. Categorical variables were analyzed using the chi-square test or Fisher’s exact test, as appropriate.

APPROVED GALLEY PROOF

pain scores, NRS scores at time points 1, 2, and 5 were lower
in the SIFI group, whereas no significant differences were ob-
served at the remaining time points. Consistent with this pat-
tern, linear mixed-effects analysis demonstrated a significant
time x group interaction but no significant constant overall be-
tween-group effect after adjustment for repeated measures
and baseline BMI, indicating that analgesic differences were
time-dependent rather than globally superior. Hemodynamic
parameters showed expected temporal variation but remained
comparable between techniques, supporting similar perioper-
ative physiological stability.

Postoperative outcomes further supported this pattern, with
significantly lower tramadol consumption and greater joint ROM
at 8 hours in the SIFI group, although no differences were ob-
served in hospital stay, patient satisfaction, or adverse effects.
However, these postoperative findings should be interpreted
cautiously because postoperative assessment windows were
defined broadly and were not strictly standardized according
to the exact time elapsed from block administration. Since op-
erative duration can vary substantially between patients, the
interval between block performance and postoperative pain as-
sessment could differ, which may directly influence measured
analgesic efficacy. Although operative duration was reported

This work is licensed under Creative Commons Attribution-
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and considered in the adjusted analysis, the study design did
not allow complete elimination of this timing-related variabil-
ity. Therefore, these findings should be considered time-spe-
cific associations rather than evidence of consistent postop-
erative superiority. Both techniques similarly improved EOSP
and modified RASS scores during spinal positioning, confirm-
ing their clinical utility for facilitating neuraxial anesthesia in
older adult hip fracture patients.

One possible explanation for the observed early analgesic dif-
ferences is the anatomical spread pattern of the 2 techniques.
The SIFI approach enables more proximal and cephalad distri-
bution of local anesthetic within the fascia iliaca compartment,
which may facilitate more consistent blockade of the femo-
ral and lateral femoral cutaneous nerves, and in some cases
extension toward the lumbar plexus [14]. This broader neural
coverage may enhance early perioperative analgesia by more
effectively attenuating nociceptive input from the anterior
thigh and periarticular structures. In contrast, the PENG block
primarily targets the articular branches of the femoral, obtu-
rator, and accessory obturator nerves, and several cadaveric
and imaging studies have suggested that the spread of local
anesthetic may be variable and sometimes limited, potential-
ly affecting block consistency [12,20]. These anatomical and
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pharmacodynamic differences may explain the time-specific
associations observed with the SIFl technique in our study, al-
though causal interpretation remains limited by the non-ran-
domized design and potential confounding by indication, since
block allocation was based on routine clinical practice and cli-
nician preference rather than randomization.

Regional analgesia is widely recommended in this population
because it reduces opioid exposure while maintaining effec-
tive pain control. The early postoperative period is critical for
functional recovery in older adult patients with hip fracture,
and opioid-sparing multimodal analgesic strategies—such as
regional nerve blocks—may improve rehabilitation outcomes
by providing effective analgesia while minimizing opioid-related
adverse effects [21,22]. In line with this, a retrospective obser-
vational study demonstrated that ultrasound-guided femoral
nerve block in older adult patients with hip fracture provided
faster and more effective pain relief while significantly reduc-
ing opioid requirements in the emergency department [23].
These considerations support our findings and reinforce the
clinical relevance of regional anesthesia techniques in improv-
ing early perioperative outcomes in this vulnerable population.
By focusing on the articular innervation from the femoral, ob-
turator, and accessory obturator nerves, the PENG block has
demonstrated meaningful reductions in resting and dynam-
ic pain scores in early clinical reports [11,24], findings consis-
tent with the analgesic improvement observed in our cohort.
The SIFI block, a fascia iliaca-based approach providing femo-
ral and lateral femoral cutaneous nerve coverage, has shown
mixed results in prior studies, ranging from no significant ben-
efit over sham blockade [25] to significantly improved postop-
erative pain scores in randomized trials [26]. Our results sup-
port a clinically relevant analgesic effect for both techniques.

Recent comparative studies, including a systematic review and
meta-analysis and a randomized controlled trial, have report-
ed heterogeneous findings regarding the relative efficacy of
PENG and SIFI blocks [17,18]. Randomized trials have demon-
strated either comparable analgesic efficacy between tech-
niques or context-dependent differences in opioid consump-
tion and time to first analgesic request [27,28]. In contrast,
our findings showed lower pain scores at selected periopera-
tive time points and reduced postoperative opioid use in the
SIFI group. Because the overall group effect was not signifi-
cant after adjustment, and the main statistical signal was the
time x group interaction, these findings should be interpreted
as interval-specific associations rather than definitive compar-
ative superiority. Similarly, Jadon et al [29] reported improved
pain control and ease of positioning with one of the tech-
niques, although methodological variations likely contribute
to discrepancies across studies. Our time-dependent analysis
may help explain these inconsistencies by demonstrating that
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analgesic differences may occur within specific perioperative
intervals rather than as a sustained global effect.

Baseline BMI differed between groups, and although BMI was
included in the mixed-effects model, adjustment for BMI alone
may not fully account for all clinically relevant differences in-
fluencing both block selection and analgesic outcomes. Other
factors such as frailty, pain severity, functional status, and cli-
nician preference may also have contributed to residual con-
founding. In addition, perioperative analgesic and anesthetic
agents are often influenced by body weight in clinical practice,
and the use of fixed-dose regimens may introduce pharmaco-
dynamic variability that could affect postoperative pain scores
and opioid consumption. These factors should be considered
when interpreting the observed associations.

Both techniques exhibited comparable hemodynamic profiles,
and variations in mean arterial pressure and heart rate were
most likely related to anesthetic depth, surgical stimulation,
and physiological stress rather than block-specific mecha-
nisms. This supports the hemodynamic safety of both region-
al approaches in older adult patients undergoing hip surgery.

This study has several strengths, including adjustment for
baseline imbalance, use of a linear mixed-effects framework
appropriate for repeated measurements, and comprehensive
evaluation of analgesic and hemodynamic outcomes across
clinically relevant perioperative intervals. Several limitations
should be considered when interpreting these findings. First,
the most important limitation of this study is its prospective
non-randomized observational design. Because block alloca-
tion was determined by clinician judgment and routine clini-
cal practice rather than randomization, confounding by indica-
tion cannot be excluded. Patients may have differed between
groups in ways that influenced block selection and study out-
comes. Although baseline characteristics were compared and
BMI was included as a covariate, this adjustment alone is un-
likely to account for all clinically relevant confounders, and re-
sidual confounding due to unmeasured factors remains possi-
ble. Baseline pain intensity also differed between groups before
block administration, with lower pre-block NRS values observed
in the SIFI group. Although longitudinal analyses accounted for
repeated measurements and BMI adjustment, these initial dif-
ferences may have influenced subsequent perioperative pain
trajectories and should be considered when interpreting inter-
val-specific associations. Although BMI was adjusted for in the
mixed-effects analyses, additional residual confounding related
to factors such as frailty status, comorbidity burden, surgical
procedure type, and clinician-driven treatment selection can-
not be fully excluded. Because the sample size was limited, in-
clusion of multiple simultaneous covariates could increase the
risk of overfitting; therefore, adjustment was restricted to the
most clinically relevant and statistically imbalanced variable,
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BMI. Accordingly, the findings should be interpreted as asso-
ciative rather than causal and should not be considered evi-
dence of definitive superiority of one technique over the other.

Second, postoperative pain outcomes were assessed with-
in predefined intervals that were not standardized accord-
ing to the exact timing of block administration. Variability in
the elapsed time between block performance and outcome
assessment may have influenced the observed differences,
particularly the lower pain scores during the interval 2 to 8
hours after surgery and the reduced cumulative 24-hour tra-
madol consumption in the SIFI group. Although operative du-
ration was recorded, reported, and considered in the adjust-
ed analysis, residual bias related to individual differences in
block-to-assessment intervals cannot be completely exclud-
ed. Accordingly, these findings should be interpreted as time-
specific associations rather than evidence of consistent post-
operative superiority.

Third, BMI differed between groups at baseline, and although
statistical adjustment was performed, BMI may not fully cap-
ture body weight-related pharmacodynamic variability. In addi-
tion, perioperative medications were administered using fixed
dosing protocols, which may have contributed to inter-individ-
ual differences in analgesic response. Furthermore, the use of
a fixed local anesthetic volume for both block techniques, al-
though methodologically consistent, may not reflect optimal
individualized dosing strategies.

Finally, the single-center design, limited sample size, absence
of blinding, and relatively short follow-up period may restrict
generalizability, reduce statistical power to detect small over-
all differences between techniques, and introduce measure-
ment bias in subjective outcomes, such as pain scores and pa-
tient satisfaction. Moreover, formal assessor blinding was not
feasible, and postoperative outcome assessors were aware of
the block technique applied. Although standardized assess-
ment protocols were used and assessors were independent
from block administration, awareness of group allocation may
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have influenced the evaluation of subjective outcomes, such as
pain scores, satisfaction, and mobilization assessments, there-
by introducing potential measurement bias. In addition, the
study was not designed to evaluate long-term functional recov-
ery or sustained analgesic effects beyond the early postopera-
tive period. Further multicenter randomized controlled studies
with longer follow-up are warranted to validate these findings.

Conclusions

PENG and SIFI blocks were associated with effective periop-
erative analgesia and facilitation of spinal positioning in pa-
tients undergoing hip fracture surgery, with comparable over-
all hemodynamic stability. In this prospective non-randomized
observational study, the SIFI block was associated with low-
er pain scores at selected early perioperative time points, re-
duced postoperative opioid consumption, and greater early joint
range of motion. However, as no consistent overall between-
group effect on pain was observed after adjustment, and the
differences were time-dependent, these findings should be
interpreted as associative rather than indicative of definitive
superiority. Further multicenter randomized controlled stud-
ies are warranted to confirm these findings.
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