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Background: The infrapatellar branch of the saphenous nerve (IPBSN) is a key contributor to perioperative pain after knee surgery. 
Although ultrasound-guided blocks are well established, related interventions are moving toward longer-acting methods such as 
cryoneurolysis.
Objective: This narrative review evaluated the role of ultrasound-guided IPBSN interventions in perioperative knee analgesia, 
distinguishing current nerve blocks from emerging technologies.
Methods: We conducted a narrative review of the literature on preoperative and postoperative IPBSN interventions, focusing on 
a qualitative synthesis of the findings.
Results: Current high-level evidence (primarily randomized controlled trials) supports targeted IPBSN blocks as an effective 
component of multimodal analgesia, substantially reducing acute postoperative pain. In contrast, evidence for cryoneurolysis is 
currently limited to case series and early feasibility studies; however, it shows promising potential for prolonged analgesia, reduced 
opioid consumption, and shortened hospital stays.
Conclusion: The available evidence supports ultrasound-guided IPBSN nerve blocks as a useful component of multimodal analgesia 
for acute postoperative pain after knee surgery, particularly when administered preoperatively. However, the evidence base for 
cryoneurolysis remains preliminary and is limited by small sample sizes, variable protocols, and a lack of fully powered randomized 
trials. Although single-injection nerve blocks represent a relatively well-established technique, cryoneurolysis should still be regarded 
as an emerging intervention that requires further validation. High-quality, multicenter randomized controlled trials with standardized 
protocols are urgently needed to clarify the comparative effectiveness, optimal timing, and patient-selection criteria for these 
interventions.
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Introduction
The increasing volume of knee surgeries, such as total knee arthroplasty (TKA)1 and anterior cruciate ligament 
reconstruction (ACLR), presents a significant clinical challenge, and the incidence of revision TKA (rTKA) in the 
United States is projected to rise.2 Alongside arthroplasty, anterior cruciate ligament (ACL) tears remain one of the most 
common orthopedic injuries, and surgical management of ACL ruptures is another major contributor to postoperative 
anterior knee pain.3

Although substantial advances have been made in the techniques and procedures of knee arthroplasty, many patients 
still report limited improvement in postoperative pain and physical function.4 TKA and knee arthroscopy, such as ACLR, 
often cause moderate-to-severe acute postoperative pain, making them common procedures that require postoperative 
pain management.5 Adequate postoperative pain management is important to promote early physical rehabilitation, 
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which aids the recovery of physical fitness and shortens the length of hospital stay.6 If not properly controlled, however, 
pain may progress to chronic pain.7 Most data show that the incidence of chronic pain after TKA is 10% to 34% and can 
persist for 3 months to 5 years.8 Adequate postoperative analgesia therefore supports Enhanced Recovery After Surgery 
(ERAS) and the efficacy of subsequent rehabilitation exercises.6

Siviero et al reported that current smokers and individuals with depressive symptoms often fail to achieve comparable 
improvements in postoperative pain and functional scores4 This difference highlights a key gap in current perioperative 
pain management, particularly the need for targeted analgesic strategies to reduce heightened pain sensitivity and 
promote early activity in these subgroups.

At the same time, current interventions cannot provide sufficient long-term pain relief and may cause side effects.9,10 

A sensory peripheral nerve block can target the superficial sensory nerve without producing a motor block. Compared 
with femoral nerve block, it confers a lower risk of accidental falls in postoperative patients.11

The infrapatellar branch of the saphenous nerve (IPBSN) is a pure sensory nerve that innervates the skin of the 
anterior and medial knee.12 It is a branch of the saphenous nerve, a sensory branch of the femoral nerve, and courses 
beneath or around the patella to supply the anteromedial knee.13 Ultrasound visualization makes it possible to block the 
IPBSN and provide sensory analgesia for the knee joint without the quadriceps weakness caused by femoral nerve 
block.14 Cryoneurolysis treats the nerve at a temperature of −20 °C to −60 °C, leading to Wallerian degeneration. This 
degeneration occurs distal to the injury site and involves loss of axonal continuity and of the myelin sheath, whereas the 
surrounding endoneurium, perineurium, and epineurium are preserved, so that normal axonal and myelin regeneration 
can occur within two to four months.15 This property gives cryoneurolysis a longer duration of action for relieving 
postoperative knee pain.

A literature search was performed in PubMed, Embase, and Web of Science without language or time restrictions, 
using the terms “infrapatellar branch of the saphenous nerve,” “ultrasound,” “total knee arthroplasty,” and “anterior 
cruciate ligament.” Randomized controlled trials, case reports, case series, and retrospective studies were included.

As this was a narrative review, we summarized the available findings narratively, rather than conducting a formal 
systematic review with meta-analysis. The objective of this narrative review was to comprehensively examine the 
relevant anatomy, mechanisms, approaches, and techniques associated with the IPBSN block and cryoneurolysis.

Anatomy
The IPBSN is the largest cutaneous branch of the saphenous nerve at the level of the knee joint. The saphenous nerve, the 
terminal branch of the femoral nerve, is the longest pure sensory nerve in the body; it originates from the posterior part of 
the lumbar plexus formed by the anterior branches of the second to fourth lumbar nerves. The saphenous nerve runs 
lateral to the femoral artery within the femoral triangle, enters the adductor canal, passes through the posterior margin of 
the adductor tendon plate at the lower end of the adductor canal, runs between the sartorius and gracilis muscles, 
penetrates the deep fascia, and emerges subcutaneously on the medial side of the knee joint.16,17

The IPBSN usually emerges from the main trunk of the saphenous nerve at the distal end of the adductor canal, 
approximately 10–15 cm proximal to the knee joint, although variations may occur at higher or lower levels. After 
emergence, the IPBSN runs anterolaterally and passes through the gap between the gracilis and semitendinosus muscles, 
accompanied by the infrapatellar branch of the descending genicular artery, with which it has a close anatomical 
association.18 The nerve then continues distally and distributes to the area beneath the patella and the anteromedial 
skin of the knee joint, and some branches may extend to the level of the tibial tuberosity19 (Figure 1).

The anatomical variations of the IPBSN are substantial. They are mainly classified into four types according to how 
the nerve exits the gracilis muscle, of which the posterior type is the most common, accounting for approximately 62%20 

(Table 1).
The IPBSN often shows branch variations as it passes through the gracilis muscle. A comparative study of cadaveric 

dissection and ultrasound found that the nerve could divide into two to three fine branches beneath the deep fascia, 
distributed in a fan shape. This branching pattern explains why traditional single-point block sometimes fails to achieve 
satisfactory results and suggests that multipoint injection or fan-shaped infiltration techniques should be adopted in 
clinical practice.21 A cadaveric study by Kim et al revealed that, because the nerves show higher echo contrast within 
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muscle tissue, intramuscular variations are easier to identify with ultrasound; however, variations that emerge from the 
anterior and posterior margins of the sartorius muscle are more difficult to recognize because their echo pattern resembles 
that of the surrounding adipose tissue22,23 (Table 2)

Approaches and Techniques of Ultrasound-Guided Injection
Position
A standard position was used to expose the medial side of the knee joint. The patient was placed supine with the affected 
limb slightly externally rotated and extended, to facilitate probe placement and needle insertion.

Approaches
In the study by Lundblad et al, the ultrasound probe was placed approximately 10–15 cm above the medial thigh muscle 
and above the medial joint line, perpendicular to the course of the saphenous nerve This position corresponds roughly to 
the upper edge of the patella (the base of the patella). The probe was moved medially until the gracilis and sartorius 
muscles were visible, and the saphenous nerve was identified deep within the fascia of the gracilis muscle. The 
saphenous nerve was first traced in the coronal plane to confirm that it lay above the femoral groove and the femoral 

Figure 1 (A) Ultrasound imaging of the infrapatellar branch of the saphenous nerve; (B) Ultrasound-guided infrapatellar branch of the saphenous nerve block. The circular- 
like shape pointed to by the white arrow represents IPBSN; (C) clinical application pathways. 
Abbreviations: SM, sartorius muscle; FA, femoral artery; IPBSN, infrapatellar branch of the saphenous nerve.

Table 1 IPBSN Type

Type I Posterior Emerging from the posterior border of the sartorius muscle

Type II Penetrating Directly penetrate the muscle belly of the sartorius muscle

Type III Parallel Penetrating the sartorius muscle and approaching the gastrocnemius region

Type IV Anterior Emerging from the anterior border of the sartorius muscle

Table 2 IPBSN Anatomical Measurement Data22,23

Measurement Parameter Range Mean Value

Diameter of nerve trunk 0.8–2.1 mm 1.4 ± 0.3 mm

Distance from origin point to superior border of patella 8–18 cm 12.5 ± 2.1 cm

Length of cutaneous branch distribution 6–12 cm 9.2 ± 1.5 cm

Distance from infrapatellar branch of descending genicular artery 0–5 mm 2.1 ± 1.2 mm
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artery, and was then traced distally until the bifurcation of the IPBSN could be identified. An out-of-plane technique was 
used to insert the needle tip without prior local anesthesia of the skin. Under ultrasound guidance, the needle tip was 
advanced adjacent to the IPBSN, and a small amount of solution was injected to verify its position; once the position was 
acceptable, 10 mL of the blocking agent was injected, and the solution was observed encapsulating the nerve.24 IPBSN 
anesthesia is defined as a nerve block occurring within an area 5 cm above the tibial tuberosity, 8 cm medial, 10 cm 
below, and 3 cm lateral.25

Interestingly, in 2019, Gong et al reported that in their clinical practice they did not detect the IPBSN beneath the 
adductor brevis muscle Given the current anatomical localization of the IPBSN, the IPBSN has no clear anatomical 
relationship with the adductor brevis muscle. Therefore, in their study, the ultrasound-guided IPBSN block point was 
located at the superficial junction between the gracilis and medial thigh muscles. The technique was applied to five adult 
patients undergoing patellar surgery. The patients were placed supine with the legs naturally extended. A 5–10 MHz 
linear probe was placed horizontally on the medial thigh, approximately 5 cm above the lateral femoral condyle, and then 
moved medially or laterally until the gracilis and medial thigh muscles were clearly visible. At approximately the 
junction of the gracilis and medial thigh muscles, an elliptical IPBSN could be found; using an in-plane needle technique 
under ultrasound guidance, a needle was inserted near the nerve and 5 mL of 0.33% ropivacaine was injected.26 This 
technique is simpler and more convenient than previously reported approaches, but further multicenter, large-sample 
randomized controlled trials are still needed.

Herteleer et al proposed a selective distal IPBSN block technique based on seven lower-limb cadaveric dissections At 
a horizontal level above the patella, two approaches were compared: a proximal medial approach near the patella and 
a distal medial approach near the medial femoral condyle. For ultrasound localization, the probe was first placed on the 
surface of the adductor muscle at the junction of the middle and lower thirds of the thigh, where the adductor canal could 
be seen. The probe was then moved laterally to track the saphenous nerve and follow its bifurcation to its terminal 
branches, and longitudinal (proximal-to-distal or distal-to-proximal) and transverse (anterior-to-posterior or posterior-to- 
anterior) dynamic scans were performed to distinguish the IPBSN accurately from the saphenous nerve and the anterior 
branches of the femoral nerve. A 22-gauge, 50-mm needle was then advanced in-plane or out-of-plane to the target 
structure. The proximal approach benefits from the nerve lying within a distinct fascial compartment surrounded by low- 
echoic adipose tissue; however, its selectivity is relatively low, and it is prone to blocking other nearby nerves, such as 
the medial sural cutaneous nerve or the anterior branch of the femoral nerve. In contrast, the distal approach mitigates the 
effects of IPBSN branch variations and changes in position relative to the rectus femoris muscle, offering stronger 
selectivity but requiring advanced ultrasound skill because of the smaller size of the nerves.27

Indications and Clinical Relevance (Table 3)
The clinical evidence for IPBSN interventions spans multiple study designs with varying methodological rigor. 

Among the included studies, prospective double-blind RCTs24,28,29 represent the highest level of evidence for IPBSN 
nerve block. For cryoneurolysis, one RCT31 and one pilot RCT (limited by a small sample size)32 constitute the highest 
available evidence, whereas retrospective chart reviews30,33 provide complementary real-world data but carry inherent 
selection bias. Case reports and technical descriptions26,27 illustrate procedural innovations but lack comparative 
controls. This hierarchy should be considered when weighing clinical recommendations: RCTs provides the most reliable 
evidence regarding treatment efficacy, whereas lower-level evidence primarily supports feasibility and hypothesis 
generation. Table 3 summarizes the key characteristics and outcomes of these studies.

Perioperative Nerve Block in Knee Surgery
IPBSN interventions can provide postoperative patients with treatment options that alleviate perioperative pain with 
fewer side effects. An RCT by Lundblad et al included 64 patients who underwent arthroscopy-assisted anterior cruciate 
ligament repair, all of whom received multimodal analgesia; the authors found that pain scores decreased and sleep 
improved in the 31 patients who received an ultrasound-guided IPBSN nerve block within 16–24 hours after surgery.24 

Hsu et al studied 68 patients who underwent simple knee arthroscopy (meniscectomy, meniscal repair, or synovial 
debridement) and found that patients who received an IPBSN nerve block had lower early NRS pain scores and improved 
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Lysholm knee scores at 12 weeks, with no significant reduction in quadriceps strength.28 Leliveld et al, considering that 
tibial fixation might damage the IPBSN and cause knee pain, conducted an RCT in 34 patients who had undergone tibial 
nailing, using 5 mL of 2% lidocaine for subcutaneous fan-shaped block of the IPBSN, and found that pain in the kneeling 
position was significantly relieved29 Although these findings are encouraging, the sample sizes across these RCTs were 
relatively modest (34 to 68 patients), most assessed only short-term outcomes (24 hours to 12 weeks postoperatively), 
and all trials were single-center, which may limit external validity.

Perioperative Cryoneurolysis in Knee Surgery
Postoperative TKA is often accompanied by severe and persistent pain, so a peripheral nerve block based on local 
anesthesia is commonly used to achieve postoperative analgesia. Cryoneurolysis uses low temperature to achieve 
a reversible sensory (and motor) block, and its duration of action can extend to weeks or even months, which is more 
consistent with the duration of common pain after TKA. Several clinical studies have investigated IPBSN cryoablation as 
a potential option for post-TKA pain management.30–33 However, the evidence base for cryoneurolysis remains less 
robust than that for nerve blocks. The existing literature is characterized by heterogeneous protocols (varying timing, 
duration, and target temperatures), and only one fully powered RCT31 has been published to date. The pilot RCT by 
Swisher et al32 included only 16 patients and did not reach statistical significance for its primary endpoints, underscoring 
the need for larger, adequately powered confirmatory trials.

Collectively, the available studies suggest that IPBSN-targeted interventions may improve pain relief and reduce 
opioid consumption, providing a useful adjunct for perioperative pain management in knee surgery. Nevertheless, the 
strength of this conclusion is tempered by the methodological limitations and heterogeneity of the evidence discussed 
above.

Contraindications
No contraindications are clearly defined or universally agreed upon. Relative contraindications include, but are not 
limited to, IPBSN anatomical variation, local infection or inflammation, abnormal coagulation, a previous history of knee 
nerve injury or surgery, prior radiotherapy, inability of the patient to cooperate, local sensory loss or chronic skin 
ulceration, extremely short life expectancy or end-stage disease, severe knee deformity, and severe obesity (BMI > 35).

Table 3 Researches on IPBSN Intervention

Articles Articles 
Types

Patients 
Number

Types of Surgery Interventions Outcomes

Lundblad et al24 RCT 64 ACLR (pre-procedure) IPBSN nerve block (05% 
10 mL levobupivacaine)

Pain score from an average 4.5 to 3, the median 
duration of pain relief is 23 hours.

Hsu et al28 RCT 68 Simple knee arthroscopy 
(pre-procedure)

IPBSN nerve block (025% 
10 mL bupivacaine)

Improvement in early NRS scores and Lysholm 
knee scores after 12 weeks

Leliveld et al29 RCT 34 Tibial nailing. (post- 
operation)

Fan-like manner 
subcutaneously block of 
IPBSN (2% 5 mL lidocaine)

The median pain score for kneeling after block 
decreased. 
−4.5 [−10 to −1] vs −1 [−9 to 2] (p = 0.002)

Dasa et al30 Retrospective 
chart review

100 TKA (5 days pre- 
procedure)

Cryoneurolysis (IPBSN and 
AFCN)

Shorter hospital stay, The dosage of opioid drugs 
was reduced by 45% within 12 weeks

Mihalko et al31 RCT 124 TKA with Severe 
Osteoarthritis (pre- 
procedure)

Cryoneurolysis The dosage of opioid drugs was reduced by 
1.7 mg. During the postoperative follow-up, the 
pain was relieved.

Swisher et al32 Pilot RCT 16 TKA (pre-procedure) Cryoneurolysis after nerve 
block

Reduction pain and opioid dosage was observed, 
but the sample size was small and no statistics 
were made.

Lung et al33 Retrospective 
chart review

57 TKA with Osteoarthritis 
(1 week pre-procedure)

Cryoneurolysis Improved 6-week ROM and 1-year follow-up 
KOOS JR and SF-12 mental scores
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Complications
Nerve Block
The most common complication of nerve block is nerve injury. Because the IPBSN is a pure sensory nerve, such injury causes 
only numbness or reduced sensation in the subpatellar skin, without any motor or functional impairment. Other potential 
complications include puncture injury to small blood vessels, skin infection, short-term numbness, and local anesthetic allergy.

Cryoneurolysis
To date, no complications associated with cryoneurolysis have been reported. Local bruising is the most common finding 
(without clinical impact), and no persistent numbness or other neurological effects were observed during follow-up.

Limitations and Future Directions
IPBSN-targeted interventions represent one component of a comprehensive analgesic strategy that should also include 
systemic pharmacotherapy (acetaminophen, NSAIDs, and gabapentinoids), local infiltration analgesia (LIA), and other 
regional anesthesia techniques such as adductor canal block (ACB) and femoral nerve block (FNB). Although ACB 
preserves quadriceps strength better than FNB,11 the IPBSN block offers the theoretical advantage of even more selective 
sensory blockade without any motor involvement, given that the IPBSN is a purely cutaneous nerve. However, direct 
comparative studies between IPBSN block and ACB are currently lacking, representing an important gap in the literature.

The choice of regional anesthetic technique must also consider patient-specific factors, the surgical approach, and the 
expected duration of postoperative pain. In a prospective study of 155 patients undergoing percutaneous hallux valgus surgery, 
Biz et al34 compared ultrasound-guided sciatic–femoral nerve block with ankle block and found that both techniques were safe 
and effective in reducing postoperative pain, with no significant difference in the incidence of chronic pain syndrome (CPS) at 
6-month follow-up (7.1% and 8.4%, respectively). Importantly, that study showed that several regional anesthesia options can 
achieve satisfactory analgesia and that factors such as ASA classification, BMI, and pre-existing low back pain may influence 
patient-reported outcomes more than the choice of block technique itself. Extrapolating to knee surgery, these findings suggest 
that IPBSN interventions should not be viewed in isolation but rather as part of a tailored, multimodal approach in which the 
incremental benefit of adding an IPBSN block to existing analgesic regimens requires further verification.

Several issues in the current evidence warrant further consideration. First, the available RCTs of IPBSN nerve block, 
although methodologically sound, have relatively small sample sizes and narrow inclusion criteria, which may limit 
generalizability to broader surgical populations. Second, the literature on cryoneurolysis, though promising, remains 
preliminary: the absence of large, multicenter RCTs, the heterogeneity of freeze protocols (timing, duration, and number 
of cycles), and the lack of standardized outcome measures hinder meaningful cross-study comparison. Third, conflicting 
evidence exists regarding the magnitude of analgesic benefit; although most studies report positive outcomes, some RCTs 
have not demonstrated statistically significant reductions in opioid consumption, suggesting that the effect size may be 
modest and influenced by patient selection and concomitant analgesic regimens. Fourth, the long-term safety profile of 
cryoneurolysis, particularly regarding nerve regeneration and the potential for neuroma formation, remains incompletely 
characterized beyond the 6- to 12-month follow-up reported in current studies.

From a clinical perspective, integrating IPBSN interventions into ERAS pathways appears promising, but several 
questions remain unresolved. The optimal timing of cryoneurolysis (preoperative versus postoperative), the ideal patient 
population (eg, those with high opioid tolerance or chronic pain), and the cost-effectiveness of these interventions 
compared with conventional approaches have not been rigorously established. Future research should prioritize head-to- 
head comparisons with established regional techniques, standardization of procedural protocols, and longer-term follow- 
up to fully characterize the risk–benefit profile of IPBSN-targeted therapies.

This review has several limitations. As it is a narrative rather than a systematic review, the literature search did not 
adhere to the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines. In addition, 
the included studies used no unified standards or follow-up time points for pain assessment and outcome reporting, which 
limits cross-study comparability. The evidence for cryoneurolysis is drawn from a small number of studies with 
heterogeneous protocols, and long-term outcomes beyond one year remain largely unexplored. Further validation through 
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multicenter, large-sample, blinded randomized controlled trials with standardized protocols is needed to establish the 
optimal role of IPBSN interventions in perioperative knee analgesia.

Conclusions
In summary, the current evidence on IPBSN interventions in knee surgery is characterized by high variability in study 
design, procedural protocols, outcome measures, and follow-up duration. Ultrasound-guided IPBSN nerve block, 
supported by several small-to-moderate-sized randomized controlled trials,24,28,29 can be considered a relatively estab
lished technique for acute postoperative analgesia as part of a multimodal regimen. In contrast, cryoneurolysis—though 
promising in terms of prolonged pain relief and opioid-sparing effects30–33—remains an emerging intervention supported 
predominantly by pilot data and retrospective studies, with only one fully powered randomized controlled trial published 
to date. The existing evidence is heterogeneous, and some randomized controlled trials have not demonstrated consistent 
benefits, underscoring the need for further verification through standardized protocols and large-sample studies.

Preoperative and postoperative applications must be distinguished. Preoperative IPBSN intervention is based primarily on 
the concept of preventive analgesia, aiming to block nociceptive signals before surgical incision and reduce central sensitiza
tion; this approach is supported by several RCTs of nerve block24,28 and by emerging cryoneurolysis data.31,32 Postoperative 
intervention, by contrast, is used to treat chronic neuropathic pain (persisting ≥ 3 months) attributed to iatrogenic IPBSN injury 
during surgery; after etiological confirmation by diagnostic block, cryoablation or neurectomy may be considered for targeted 
denervation. Both strategies have been reported as safe, with only transient hypoesthesia or local ecchymosis as the main 
adverse events; however, rigorous long-term safety data, particularly for cryoneurolysis, remain limited.

Several key questions remain unresolved. The effect of IPBSN intervention varies considerably with the timing of the 
procedure, technical specifications, and patient selection, and these techniques should not be regarded as a replacement for 
systemic multimodal pharmacotherapy. Well-designed, multicenter, blinded randomized controlled trials with adequate 
sample sizes, standardized freeze protocols (for cryoneurolysis), and uniform outcome measures are urgently needed to 
establish evidence-based recommendations. Future research should prioritize head-to-head comparisons between IPBSN 
interventions and established regional techniques, long-term functional and safety outcomes beyond one year, and cost- 
effectiveness analyses to define the optimal role of these interventions in individualized enhanced recovery pathways.
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