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Background: Popliteal sciatic nerve blocks have gained popularity as an anesthesia choice for calcaneal surgery. While the simpler
technique of sural and tibial nerve blocks offers potential, its safety and efficacy require validation through a head-to-head clinical
study. This study compared the efficacy of ultrasound-guided sural and tibial nerve blocks (ST) with popliteal sciatic nerve block (PS)
for operative and postoperative analgesia.

Methods: A total of 80 patients (40 per group) undergoing calcaneal surgery were randomized to receive either ST or PS nerve
blocks. Patients in both groups were provided with an intravenous patient-controlled analgesia (PCA) device containing flurbiprofen.
Visual analogue scale (VAS) pain scores were recorded at awakening, 2, 6, 12, and 24 h postoperatively. In addition, block onset time,
procedure duration, patient satisfaction, and application of postoperative analgesics were also recorded.

Results: VAS scores were comparable between groups throughout the 24-hour observation period (VAS range 0-3, p > 0.05). ST
blocks demonstrated faster onset (8.2 £ 1.5 vs 12.4 + 2.1 minutes, p<0.001) and shorter procedure time (11.5 £ 2.1 vs 16.8 £
2.4 minutes, p<0.001). Patient satisfaction scores were similar between groups (8.5 £ 0.8 vs 8.3 £ 0.9, p=0.31).

Conclusion: Ultrasound-guided sural and tibial nerve blocks provide effective operative and postoperative analgesia comparable to
popliteal sciatic nerve block. The blocks are easy to perform, have a faster onset, and achieve high patient satisfaction, making them
a valuable alternative for calcaneal surgery.
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Background

Calcaneal fractures are frequently encountered in clinical settings, often characterized by marked post-fracture displace-
ment. Conservative management is often less effective, necessitating surgical intervention in many cases.'> The surgical
procedure typically entails an extended “L”-shaped incision along the lateral aspect of the heel, subsequent fracture
reduction, and internal fixation using a plate. Placing the plate on the lateral side of the calcaneus is conducive to
restoring its anatomical integrity, resulting in precise therapeutic outcomes.>* After surgical treatment of calcaneus
fractures, particularly high pain intensities are observed.” This can be attributed to the rich innervation of the calcaneus
and the extensive dissection involved in the surgical approach. Appropriate pain management protocols are essential
following these procedures to enable early rehabilitation and return to function.
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Historically, spinal anesthesia and endotracheal intubation general anesthesia were the preferred anesthetic techniques
for this surgery. However, limitations such as specific patient conditions and anticoagulation therapy curtailed the use of
these methods. Currently, a more comfortable anesthesia approach is often achieved using a combination of regional
nerve blocks with general anesthesia. Consequently, popliteal sciatic nerve blocks have gradually become the preferred
choice for anesthesia and analgesia in calcaneal surgery.® While effective, conventional preoperative popliteal blocks
require patient repositioning, causing discomfort and potential refusal. With ultrasound guidance, popliteal blocks can
now be performed without repositioning, through precise nerve localization with the patient supine. This avoids the
significant discomfort of traditional popliteal blocks requiring repositioning and better meets the demands for maximiz-
ing patient comfort in calcaneal surgery.’

The tibial nerve innervates the plantar heel, while the sural nerve supplies the lateral heel and ankle. Targeting these
nerves allows precise pain control with minimal anesthesia in other areas, making them critical for effective analgesia in
calcaneal surgery. We hypothesize that ultrasound-guided sural and tibial nerve blocks will provide comparable post-
operative analgesia to popliteal sciatic nerve blocks while improving procedural efficiency and patient comfort.

Methods

The trial was designed as a single-center, randomized, double-blind, parallel two-arm controlled study. It received ethical
approval from the Medical Ethics Committee of Jinjiang Municipal Hospital, Shanghai Sixth People’s Hospital Fujian
Campus (Ethical approval number: jjsyy 2024-005-1.0). The study was registered at the Chinese Clinical Trial Registry
(https://www.chictr.org.cn, ChiCTR2400081163). The prospective registration date was February 26, 2024. Between
March 2024 and September 2024, a total of 80 patients with an American Society of Anesthesiologists physical status

classification of I-II, who were scheduled for internal fixation surgery due to calcaneal fractures at the Fujian Campus of
Shanghai Sixth People’s Hospital, were enrolled in this study. Eligible patients were informed about the study, and
written informed consent was obtained from them. The study was conducted in accordance with the principles of the
Declaration of Helsinki.

Patients were randomly assigned into two groups using a random number table: the ultrasound-guided sural nerve
combined with tibial nerve block group (ST group) and popliteal sciatic nerve block group using the conventional
popliteal fossa approach (PS group), with 40 patients in each group. Patients meeting the following criteria were
excluded from the study: 1) Allergic reactions to local anesthetics; 2) Infection at the puncture site; 3) Central nervous
system diseases or peripheral neuropathies; 4) Severe cardiovascular or cerebrovascular diseases; 5) Coagulation
disorders; 6) Inability to communicate due to language barriers; 7) Opioid analgesic addiction.

Prior to surgery, all patients underwent a comprehensive preoperative evaluation, including a detailed medical history,
physical examination, and routine laboratory tests. Patients were instructed on the use of the visual analog scale (VAS)
for pain assessment and the patient-controlled analgesia (PCA) device. Standard monitoring (ECG, noninvasive arterial
blood pressure, and pulse oximetry) was established, and intravenous access was secured with a balanced crystalloid
infusion (maximum 500 mL).

General anesthesia was induced using propofol (3 mg/kg) and sufentanil (5 pg) via intravenous administration.
A laryngeal mask airway (LMA) was inserted, and anesthesia was maintained with sevoflurane throughout the surgical
procedure. In cases where signs of pain stimulation were observed based on heart rate, blood pressure, end-tidal carbon
dioxide levels, and respiratory rate, supplementary doses of sufentanil were administered. Ephedrine was used to manage
cases of hypotension.

Upon awakening in the Post-Anesthesia Care Unit (PACU), patients were connected to an intravenous PCA pump
delivering a solution consisting of 200 mg of flurbiprofen, with an infusion rate of 2 mL/hr, a bolus dose of 0.5 mL, and
a 15-minute lockout time. Pain assessment using the VAS was initiated at various time points postoperatively. If a patient
reported an increase in pain with a VAS score exceeding 4, a rescue analgesic intervention was administered via
intravenous injection of 10 mg of flurbiprofen, and this intervention was documented.

Patients in the ST group were positioned in a standard supine position with their lower limbs extended. After routine
skin disinfection and draping, a high-frequency ultrasound probe (m9cv, frequency 4-12 MHz, Mindray, China) was
positioned approximately 4-6 cm above the ankle for scanning, with depth adjusted accordingly. The tibial nerve was
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identified between the medial malleolus and the Achilles tendon, positioned posterior to the posterior tibial artery. The sural
nerve was located between the lateral malleolus and the Achilles tendon, often accompanied by small saphenous veins.
Using an in-plane anterior-to-posterior needling technique, both nerves were separately blocked with a 22-gauge, 50-mm
needle. A total of 15 mL of 0.35% ropivacaine was used (5 mL for the sural nerve and 10 mL for the tibial nerve).

Patients in the PS group were positioned in a lateral decubitus posture with the blocked side facing upward, and the
hip and knee joints were slightly flexed. After skin disinfection and draping, a high-frequency ultrasound probe (similar
to the ST group) was placed at the crease of the popliteal fossa. The depth was adjusted, and the probe was shifted
proximally to identify the popliteal artery, gastrocnemius muscle, ssmimembranosus muscle, and sciatic nerve. When the
sciatic nerve was bifurcated, the probe was moved proximally to a point above the bifurcation. An in-plane technique
was employed for the sciatic nerve block,” administering 15 mL of 0.35% ropivacaine.

For the tibial nerve block, the probe was placed approximately 4—-6 cm above the ankle, identifying the nerve between
the medial malleolus and the Achilles tendon, posterior to the posterior tibial artery (Figure 1). For the sural nerve block,
the probe was positioned between the lateral malleolus and the Achilles tendon, often accompanied by small saphenous
veins (Figure 2). During the procedure, the needle was visualized in real-time to ensure accurate placement of the local
anesthetic.

anterior posterior

Figure | Probe Placement Position and Ultrasound Image of the Tibial Nerve: |. medial malleolus, 2. tendon calcaneus and Soleus, 3. flexor digitorum longus, 4. posterior
tibial artery, 5. posterior tibial veins, 6. calcaneus, N: tibial verve, T: Ultrasonic probe.

anterior posterior

Figure 2 Probe Placement Position and Ultrasound Image of the Sural Nerve: |. lateral malleolus, 2. peroneus longus, 3. tendon calcaneus and Soleus, 4. small saphenous
vein, 6. calcaneus, N: sural nerve, T: Ultrasonic probe.
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To ensure comprehensive blockade, the traceback technique was used to visualize the peroneal and tibial components
within the same paraneurium. This ensured that both nerve components were adequately covered by the local anesthetic,
enhancing the effectiveness of the block. These procedures were performed by the same experienced Anesthesiologist in
both block methods.

Various parameters were recorded in both groups, including the duration of the nerve block procedure, onset times of
sensory blockade for the sural and tibial nerve regions, total intraoperative sufentanil usage, surgical duration, nerve
block duration (from block completion to sensory recovery), VAS pain scores upon awakening in the PACU and at 2, 6,
12, and 24 hours postoperatively, the number of rescue flurbiprofen administrations within the first 24 hours, and patient
satisfaction levels. The primary outcome was postoperative VAS pain scores at awakening, 2, 6, 12, and 24 hours.
Secondary outcomes included comparisons of puncture time, nerve block onset time, satisfaction with pain management,
and postoperative analgesic application. The nerve block procedure time was evaluated using a stopwatch, measuring
from patient positioning to local anesthetic injection completion, ensuring accuracy and consistency.

The sample size was calculated using the comparison of means formula according to primary outcome measurement
on pain scores recorded at awakening, 2, 6, 12 and 24 h time points postoperatively. The results of a previous pilot study
showed that the means of the ST group and PS group were 3.89 and 3.01 respectively, with a standard deviation (SD) of
1.26 in both groups. Using a two-sided #-test, 66 patients were required to achieve a power of 80% with an o value of
0.05 for detecting the differences between them. Taking into consideration possible dropouts (20%), 80 patients (40 in
each group) were enrolled in the study.

Statistical analysis was conducted using IBM SPSS for Windows® version 23.0 software (SPSS, Chicago, IL,
USA). The Kolmogorov—Smirnov test was used to determine the normality of data distribution. Continuous data
were presented as mean + standard deviation (¥ £ s), and median (25th—75th percentiles), and categorical variables
as counts (percentages). Comparisons of normally distributed continuous variables between the groups were
performed using Student’s t-test, while non-normally distributed continuous variables between the groups were
compared using the Mann—Whitney U-test. Categorical data were expressed as counts (percentage), and between-
group comparisons were assessed using the chi-square test. A two-sided P value <0.05 was considered statistically

significant.

Results

Of the 87 patients that were screened, 7 (8%) were excluded, and 80 (92%) underwent randomization between March 9,
2024 and September 13, 2024. A total of 80 participants (40 patients in ST group and 40 patients PS group ultimately
completed the study (Figure 3). The patients’ characteristics were presented in Table 1. There was no statistical
difference in terms of sex ratio, age, weight, ASA class, and duration of surgery.

The pain VAS scores after surgery were shown in Figure 4. There was no difference in VAS at between ST group and
PS group at postoperative awakening, 2, 6, 12, and 24 h. Pain scores were comparable between the two groups (VAS
range 0-3, p > 0.05).

The onset time of nerve block in ST group was significantly shorter than in PS group, and this difference was
statistically significant (P < 0.001). However, there was no statistically significant difference in the onset time of tibial
nerve blockade between the both groups. And, there was no significant difference in the duration of nerve blockade
between the two groups. The time required to complete the sural and tibial nerve blocks was significantly less than that
required for the sciatic nerve block, with statistical significance (P< 0.001). While there were no statistically significant
differences observed in intraoperative sufentanil dosage, the number of postoperative rescues flurbiprofen administrations
within 24 hours, or satisfaction with pain management (Table 2).

Neither group of patients experienced adverse reactions such as vascular puncture, abnormal sensations during
injection, or local anesthetic toxicity. Follow-up was conducted one week after discharge, during which no sensory or

motor abnormalities or signs of nerve damage were observed.
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Assessed for eligibility (n=87)

—>

Excluded (n=7)

1)

Infection at the puncture
site (n=2)

Diabetes peripheral
neuropathy (n=1)
Changing surgery (n=1)
sBp > 180mmHg (n=1)
Withdrew the consent
before the medical
treatment (n=1)
Coagulation disorders
(n=1)

Randomized allocated (n=80)

G Sy

ST group (n=40)

PS group (n=40)

A

Outcomes analysis
(n=40)

Figure 3 Flow chart of the study.

Discussion

Outcomes analysis
(n=40)

The study demonstrates that ultrasound-guided sural and tibial nerve blocks provide comparable postoperative analgesia
to popliteal sciatic nerve blocks following calcaneal surgery. The findings align closely with our primary objective of

evaluating the efficacy of selective nerve blocks and highlight their practical advantages, including reduced procedural

time, quicker onset, and improved patient comfort. These results support the use of sural and tibial nerve blocks as

a viable alternative to traditional sciatic nerve blocks, particularly in patients with mobility limitations.
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Table | Patients’ Characteristics

Characteristics ST Group, n=40 | PS Group, n=40 | P Value
Sex (male/female) 29/11 31/9 0.60
Age (years) 32.45+13.82 34.05+14.39 0.61
Weight (kg) 65.95+13.55 66.85+14.88 0.78
ASA (I/1) 28/ 12 27/13 0.8l
Duration of surgery(min) | 55.75+17.38 52.30+15.05 0.36

Ultrasound-guided sciatic nerve block has multiple approaches, including the classical greater trochanter level,
subgluteal, and popliteal fossa approaches, which are widely used in lower extremity surgery.* ' Surgery for calcaneal
fractures typically requires a lateral ankle incision, making sciatic nerve block the primary choice for both intraoperative
anesthesia and postoperative analgesia. Although a new anterior thigh approach for sciatic nerve block has been proposed

713 studies and clinical practice have demonstrated that the popliteal fossa approach for sciatic nerve

in recent years,
block is the simplest and most reliable technique.

The nerves involved in the calcaneus and its surrounding soft tissues include the saphenous nerve (from the femoral
nerve), tibial nerve, and sural nerve.'* ' It has been found that the tibial nerve primarily controls the movement and
sensation of the plantar region.'” Ultrasound-guided tibial nerve blocks have been used for procedures such as foreign
object removal from the foot and treatment of frostbite injuries.'®'® Since calcaneal surgery often utilizes a lateral
incision, the main nerves involved in the procedure are the tibial nerve and the sural nerve. Blocking these nerves above
the ankle provides anesthesia coverage for the lateral aspect of the calcaneus and the skin of the sole, which aligns
perfectly with the surgical site.

Previous research has demonstrated the effectiveness of combining the sural nerve block with the tibial nerve block
for postoperative pain relief in calcaneal surgery.”’ However, the use of combined ultrasound-guided sural and tibial
nerve blocks above the ankle for anesthesia and pain management in calcaneal surgery, compared to the classical sciatic
nerve block, remains unknown. This study aims to compare the operation time, onset time, analgesic effectiveness, and
patient’s satisfaction with the classical popliteal sciatic nerve block, while also evaluating the feasibility of performing
the nerve blocks without repositioning the patient.

In comparison to the classic popliteal sciatic nerve block, the sural nerve block and tibial nerve blocks had slightly
shorter operation times, mainly due to the reduced repositioning time required for the conventional popliteal sciatic nerve

Pain scores(VAS)

o)}

Figure 4 VAS at awakening, 2, 6, 12, and 24 h after surgery.
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Table 2 Comparison of Different Variables for Two Groups

Variables ST Group, n=40 | PS Group, n=40 | P Value
Onset time of sural nerve block (min) 2.35£1.20 5.95£2.25 0.0001*
Onset time of tibial nerve block (min) 3.90%1.75 5.95+1.98 0.0001*
Duration of nerve block (hours) 6.55+1.95 6.40+1.68 0.71
Puncture time (min) 3.02+1.08 5.85%1.22 0.0001*
Intraoperative Sufentanil (jig) 7.50+3.00 8.10+2.45 0.33
Times of IV Flurbiprofen within 24 hours | 1.00+0.85 1.08+0.88 0.67
Satisfaction with pain management 6.45%1.90 6.40+1.80 0.90

Notes: Variables is expressed as mean *standard deviation. *P < 0.05 indicates statistical significance.

block, particularly for patients with complex injuries who needed more time. The quicker onset of nerve block may be
due to its status as a terminal branch of the sciatic nerve, with a smaller nerve diameter facilitating the rapid penetration
of local anesthetic into nerve fiber components. Although there was a slight difference in block duration between the two
groups, it was clinically insignificant. The duration of nerve block is influenced by various factors, including drug
concentration and volume, the distance from the nerve, the degree of vascularization, and metabolism.>'??

During calcaneal surgery, opioid medications are used to control surgical stimuli, such as tourniquet placement,
stimulation from the laryngeal mask, or internal fixation and reduction that may extend beyond the blockade area. When
comparing popliteal sciatic nerve block with sural and tibial nerve blocks, both groups in this study had sufentanil
dosages of less than 10 ug, and the clinical difference was negligible. Nerve blockade serves as the primary line of
postoperative analgesia. In this study, the duration of blockade between the two techniques showed no significant
difference and had no statistical significance. However, an important complication is rebound pain.** Although the
mechanism of rebound pain is currently a subject of debate, prolonged nerve blockade®® and the use of effective
multimodal analgesia can help prevent it. The study utilized anti-inflammatory and analgesic drugs, combined with
intravenous patient-controlled analgesia pumps and additional intravenous dosages, resulting in satisfactory pain relief in
both groups. This multimodal analgesia approach significantly reduces the intraoperative use of opioid medications, with
nerve blockade playing a major role in achieving this outcome.?>**

Compared to the popliteal approach for sciatic nerve blockade, selective blockade of the sural and tibial nerves
provides comparable analgesia for calcaneal fracture repair while preserving ambulatory capability by sparing the
common peroneal nerve. This allows patients to voluntarily mobilize and ambulate postoperatively, potentially mitigating
risks of lower extremity deep vein thrombosis formation and subsequent pulmonary thromboembolism. Intact sensation
also enables detection of impending compartment syndrome of the leg through pain and pressure, allowing timely
medical intervention. Moreover, selective blockade greatly reduces the impact of nerve injury.>” Should minor nerve
trauma occur, sensorimotor deficits would be confined to the corresponding distributions. Ultimately, selective blockade
minimizes the extent of anesthesia to the surgical site, retaining autonomous mobility of the operative limb, averting
restrictions from extensive blockade, and minimizing patient discomfort. In summary, compared to extensive sciatic
nerve block, selective blockade of the sural and tibial nerves adequately fulfills the perioperative analgesic requirements
for calcaneal fracture surgery while localizing the blockade, sparing uninvolved areas, preserving voluntary motor
function, and reducing patient inconvenience.

This study has three primary limitations. First, there was no long-term postoperative assessment, as the evaluation
period only extended to one week postoperatively, lacking an assessment of chronic complications. Second, the sample
size in this study was quite small, so the results may require further validation through larger sample sizes. Third, only
routine monitoring was applied, and bispectrality index (BIS) monitoring for anesthesia depth was not utilized. Future
studies should consider longer-term follow-up to evaluate potential complications such as chronic pain or nerve injury.
Additionally, larger multi-center trials are warranted to confirm the safety and long-term benefits of selective nerve
blocks in diverse patient populations.
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Conclusion

In conclusion, ultrasound-guided sural nerve and posterior tibial nerve blocks above the ankle provide satisfactory results
for operative and postoperative analgesia in calcaneal surgery. The approach is as effective as the classic popliteal sciatic
nerve block. It offers immediate postoperative limb mobility, and the potential for early postoperative mobilization. This
approach is worthy of study and promotion by clinical practitioners.

Abbreviations
VAS, postoperative visual analog scales; PCA, patient-controlled analgesia; PACU, Post-Anesthesia Care Unit; LMA,
laryngeal mask airway; BIS, bispectrality index.
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