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ABSTRACT 

	Background: Infiltration between the popliteal artery and capsule of the knee (IPACK) block is useful for analgesia after total knee arthroplasty (TKA) in the posterior compartment of the knee without compromising foot strength. 
Aims: This study was conducted to determine whether the IPACK block, in combination with femoral nerve block (FNB), improves the analgesia provided by local infiltration analgesia (LIA) with FNB. 
Study design: Prospective, randomized, open-label trial
Place and Duration of Study: Department of Anesthesia, Nagasaki Rosai Hospital, Sasebo, Japan, from April 2020 to November 2021.
Methodology: Fifty patients who underwent TKA under total intravenous propofol anesthesia were studied. All patients underwent ultrasound-guided FNB with 30 mL of 0.25% levobupivacaine before the operation. In addition, 250 μg of fentanyl was intravenously administered at the beginning of surgery and before the end of surgery, and 1000 mg of acetaminophen was intravenously administered before the end of surgery. Patients were randomly allocated to one of two groups: Group I (n = 25), which received local infiltration anesthesia with 30 mL of 0.25% levobupivacaine into the posterior capsule of the knee before cementing and Group B (n = 25), which received an ultrasound-guided IPACK block with 30 mL of 0.25% levobupivacaine immediately after the FNB. Patients were administered 1000 mg of acetaminophen or 15 mg of pentazocine as rescue analgesics, if needed. The primary outcome was postoperative pain evaluated by the nursing staff using a numerical rating scale (NRS) at 0, 1, 3, 6, 12, and 24 h postoperatively.
Results: No significant differences in patient characteristics and NRS scores were observed between the groups. In addition, no significant differences in the frequency of rescue analgesic use were observed between the groups during the study period. 
Conclusion: The study concluded that IPACK with FNB and LIA with FNB have an equivalent analgesic effect after TKA. 




Keywords: total knee arthroplasty, infiltration, the popliteal artery, capsule of the knee, femoral nerve block, local infiltration anesthesia, postoperative pain

1. INTRODUCTION 

Total knee arthroplasty (TKA) is an effective surgical treatment for end-stage joint diseases such as osteoarthritis. However, postoperative pain remains a significant challenge that hinders early recovery and rehabilitation and necessitates effective pain management strategies.　Proper postoperative analgesia improves postoperative prognosis by preventing pain-related complications [1]. Acute pain following TKA significantly affects functional recovery and patient satisfaction. Multimodal analgesia, including femoral nerve block (FNB) and local infiltration anesthesia (LIA), is effective in ameliorating early postoperative pain after TKA [2, 3]. 
Recently, injection of local anesthetics into the interspace between the popliteal artery and the capsule of the knee (IPACK block) has gained attention for its ability to reduce posterior knee pain while preserving motor function [4,5]. The IPACK block involves injecting local anesthetic around the popliteal artery to target the posterior knee nerves, potentially improving postoperative pain management [4,5]. This technique offers several advantages, including preservation of quadriceps muscle strength, which facilitates early mobilization and reduces fall risk. Additionally, the IPACK block minimizes the need for systemic analgesics, including opioids, thereby reducing potential side effects, such as nausea and sedation.　
Local Infiltration Analgesia (LIA), performed by orthopedic surgeons, is a common technique that involves injecting anesthetics around the joint during surgery to alleviate postoperative pain [6, 7]. LIA has been reported to contribute to lower postoperative pain scores and reduced opioid consumption [6,7].
Therefore, local anesthesia via IPACK block and LIA are two options for fore supplementing to FNB to relief pain and keep safe after TKA. Furthermore, the optimal combinations of analgesic interventions remain unclear. This prospective, randomized, open-label study aimed to determine whether the IPACK block in combination with FNB improves the analgesia provided by LIA in combination with FNB.

2. material and methods 
2.1 Patients
This single-center, open-label, randomized clinical trial adhered to the principles of the Declaration of Helsinki. The trial was registered with the University Hospital Medical Information Network (ID: UMIN 000040124) on April 13, 2020. It included 50 patients with an American Society of Anesthesiologists physical status of 1 or 2 who underwent TKA under general anesthesia at the Nagasaki Rosai Hospital between April 2020 and November 2021. The exclusion criteria were as follows: hepatic and renal dysfunction, local anesthetic allergy, weight < 50 kg, and medical history of peptic ulcers and asthma. None of the patients received preanesthetic medication.
2.2 Study protocol
To achieve the desired effect-site concentration, the patients received a continuous infusion of remifentanil 0.5 μg/kg/min and propofol 3 μg/mL via a target-controlled infusion (TCI) system (TCI pump, Terumo, Tokyo, Japan). Rocuronium (0.8 mg/kg) was administered to facilitate tracheal intubation after the loss of consciousness. The effect-site concentrations of propofol and remifentanil were titrated to maintain a bispectral index score of 40–60 after tracheal intubation. All patients underwent ultrasound-guided FNB with 30 mL of 0.25% levobupivacaine before the operation. In addition, 250 μg of fentanyl was intravenously administered at the beginning of surgery and 15 min before the end of surgery, and 1000 mg of acetaminophen was intravenously administered 15 min before the end of surgery. Patients were randomly allocated to one of two groups using the sealed envelope method. Group I (n = 25) received local infiltration anesthesia with 30 mL of 0.25% levobupivacaine into the posterior capsule of the knee before cementing the components by the surgeon. Group B (n = 25) received an ultrasound-guided IPACK block with 30 mL of 0.25% levobupivacaine immediately after FNB. Patients were administered 1000 mg of acetaminophen or 15 mg of pentazocine as rescue analgesics, if needed. Prior to surgery, both nerve blocks were performed in the supine position by experienced anesthesiologists using high-frequency linear ultrasonography. In FNB, the ultrasound probe was placed in a transverse orientation on the upper thigh, just inferior to the inguinal ligament. After skin disinfection, a 23-gauge needle was inserted from the outside to the inside toward the femoral nerve using an in-plane technique. In the IPACK block, an ultrasound probe was placed at the junction of the femoral condyles and the femoral shaft. The popliteal artery tibial, and peroneal nerves were visualized, and the space between the femur and popliteal artery was determined. A 22-gauge needle, called the IPACK, was advanced into this area using the medial-to-lateral in-plane technique. Real-time imaging confirmed that the local anesthetic had spread. 
The nursing staff evaluated postoperative pain using a numerical rating scale (NRS; 10 points from 0 to 10) at rest at 0, 1, 3, 6, 12, 18, and 24 h postoperatively. At 12 and 24 h postoperatively, the number of analgesics required and the incidence of postoperative nausea and vomiting (PONV) 24 h after surgery were recorded.
2.3 Measurement
The primary outcome was the NRS at rest at 0, 1, 3, 6, 12, 18, and 24 h postoperatively, and the secondary outcomes were the number of required analgesic at 12 and 24 h postoperatively and the incidence of PONV 24 h after surgery.
2.4 Statistical Analysis
The results are expressed as median (interquartile range). To analyze the interaction between time and the two groups, a two-way repeated-measure analysis of variance was conducted. A post hoc comparison between groups at each time point and among the repeated measures in each group was conducted using the Bonferroni–Dunn test, if appropriate. Continuous data for patient characteristics were analyzed using the Mann–Whitney U test. Dichotomous variables were analyzed using the chi-square test. Statistical significance was set at P-value of < .05. 
2.5 Sample size
 	Sample size was determined based on the previous study [8] (standard deviation, 2.4), which indicated that with 23 patients in each group, a power of 80% would be required to detect a difference of 2 in the NRS value between the two groups at a 5% significance level. 


3. results 
Table 1 shows that no significant differences in the patient characteristics were observed between the groups.
Table 1 Demographic characteristics of the participant
	
	iPACK group
	LIA group
	p

	Patients (n)
	25
	25
	

	Age (years)
	77 (71, 82)
	77 (73, 82)
	0.91

	Height (cm)
	154 (148, 155)
	153 (146, 158)
	0.89

	Weight (kg)
	60 (58, 71)
	60 (54, 69)
	0.27

	BMI (kg/m2)
	26.2 (24.9, 30.0)
	25.6 (24.0, 27.4)
	0.20

	Male gender
	5
	7
	0.74

	Anesthetic time (min)
	168 (149, 191)
	175 (157, 195)
	0.59

	Operative time (min)
	91 ( 80, 112)
	103 (86, 120)
	0.35

	Operative blood loss (g)
	10 (5, 16)
	5 (5, 13)
	0.55


Values are median (IQR) or number. iPACK, The infiltration between the Popliteal Artery and Capsule of the Knee; LIA, local infiltration anesthesia; BMI, body mass index; n, number; 
Values are median (IQR) or number. iPACK, The infiltration between the Popliteal Artery and Capsule of the Knee; LIA, local infiltration anesthesia; BMI, body mass index; n, number; 
Repeated-measures ANOVA revealed no significant differences in the NRS scores between the groups during the study period (Fig. 1). The NRS score at 18h postoperatively was higher in Group I than that at 0 h in Group B.
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 Fig.1. Numerical rating scale in group IPACK (B) and LIA (I) at each time point. Values are expressed as median (line inside the boxes), interquartile range (boxes), and 10-90percentiles (whiskers). B Infiltration between the popliteal artery and capsule of the knee; I, LIA: local infiltration analgesia; NRS, numerical rating scale; *p < 0.05 vs. 0hr values.

	Table 2 shows that no significant differences in the frequency of rescue analgesics and PONV incidence was observed between the groups during the study period. 
Table 2. Incidence of postoperative nausea and vomiting, and number of rescue analgesics
	
	iPACK group
	LIA group
	p

	PONV (n)
	 15
	 10
	0.99

	Rescue analgesics for 12 hr (n)
	1 (0, 1) 
	1 (0, 1) 
	0.72

	Rescue analgesics for 24 hr (n)
	2 (1, 3) 
	2 (1, 3) 
	0.76


Values are median (IQR) or number. iPACK, The infiltration between the Popliteal Artery and Capsule of the Knee; LIA, local infiltration anesthesia; n, number; PONV, postoperative nausea and vomiting;



4. DISCUSSION
This study showed that the combination of FNB and IPACK block did not reduce the NRS scores or the frequency of rescue analgesics compared with those of the FNB and LIA combination. This study showed that the IPACK block and LIA were equivalent and effective adjuvants for FNB after TKA. 
The IPACK block is a motor-sparing posterior knee analgesic technique designed to reduce posterior knee pain after TKA while preserving motor function. Evidence from randomized trials and meta-analyses [8,9] shows that adding an IPACK block to multimodal analgesia, particularly when combined with an adductor canal block (ACB) or FNB, improves pain control without impairing quadriceps strength. The IPACK block targets the terminal sensory branches of the tibial and obturator nerves that innervate the posterior knee capsule. Therefore, this block reduces posterior knee pain, which is often inadequately controlled using FNB alone. A meta-analysis [8] of randomized controlled trials found that adding the IPACK block to multimodal analgesia for primary TKA significantly reduces postoperative pain scores and improved analgesic outcomes. A randomized trial [9] comparing ACB + IPACK and ACB + selective tibial nerve block showed that the IPACK combination provides effective posterior knee analgesia and supports functional recovery. Yin et al. [10] found that combining adductor canal block (ACB) with IPACK significantly reduced the incidence of chronic postoperative pain. Jiang et al. [11] reported that continuous ACB with popliteal plexus block (PPB), which targets the same posterior compartment as IPACK, improved analgesic outcomes. These findings are reinforced by Chia et al. [12], who showed that adding IPACK to an adductor canal catheter enhanced early postoperative pain control. Upshaw et al. [13] provided a comprehensive review supporting IPACK’s efficacy in posterior knee analgesia.
Local anesthetic infiltration into the posterior capsule during TKA provides a significant reduction of posterior knee pain, particularly during the early postoperative period. However, its analgesic effect is limited in duration, and the precision of infiltration is variable. The posterior capsule is a major source of postoperative pain because it is stretched during knee extension, manipulated during bone cuts, and contains sensory branches from the tibial, common peroneal, and sciatic nerves. Posterior capsular LIA reduces posterior knee pain compared with no infiltration, although sciatic nerve block provides stronger analgesia [3]. LIA improves early postoperative pain (24–48 h), reduces opioid consumption, and supports early mobilization [6]. LIA, including posterior infiltration, provides analgesia comparable to epidural analgesia with faster mobilization [7]. Simon et al. [14] demonstrated that continuous LIA provides analgesia comparable to femoral and sciatic nerve blocks, supporting its role in multimodal pain management.  However, its analgesic effect is limited in duration, and the precision of infiltration is variable.
5. Conclusion

The study concluded that the IPACK block and LIA are equivalent and effective adjuvants for FNB after TKA. LIA is a simple and straightforward method, and if its analgesic effect is comparable to IPACK, it is presumed to be a useful method.
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