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	 Background:	 The interspace between the popliteal artery and posterior capsule of the knee block (IPACK) combined with 
adductor canal block (ACB) has short-term analgesic effect after arthroscopic knee surgery(AKS), and prolong-
ing the duration of analgesia is very important for patients to recover quickly after surgery. The purpose of this 
study was to investigate whether perineural dexmedetomidine (DEX) or intravenous can prolong the analgesic 
time of IPACK and ACB, and ultimately promote the postoperative rehabilitation of patients undergoing AKS.

	 Material/Methods:	 In this randomized controlled trial, 102 eligible AKS patients were allocated to 3 groups: perineural DEX with 
ropivacaine for Group E (n=34), intravenous DEX for Group I (n=34), and standard IPACK-ACB (ropivacaine alone) 
for Group C (n=34). The outcomes included resting and active Visual Analog Scale (VAS) scores at 6 h, 12 h, 24 
h, 48 h, 54 h, and 60 h postoperatively, inflammatory marker levels on the first postoperative day, and maxi-
mum walking distance at 24 and 48 hours after surgery.

	 Results:	 There were no significant demographic differences between the 3 groups. Resting and active VAS scores in 
Group E were significantly lower than those in Group C within 48 hours postoperatively (P<0.05), VAS at 48 h 
resting state (P<0.001, mean difference,-1.15; 95% CI, -1.65 to -0.65), VAS at 48 h active state (P<0.001, mean 
difference,-0.91; 95% CI, -1.32 to -0.50). On the first postoperative day, IL-1b levels in Groups E and I were sig-
nificantly lower than in Group C (P<0.05). Group E had a significantly longer maximum walking distance at 24 
and 48 hours after surgery compared to Groups I and C (P<0.001).

	 Conclusions:	 Perineural DEX prolongs IPACK-ACB analgesia to 48 hours, improves functional recovery, and attenuates IL-1b 
release, outperforming intravenous administration. These findings support the integration of route-specific DEX 
into enhanced recovery protocols for AKS.
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Introduction

Arthroscopic knee surgery (AKS) is a commonly performed or-
thopedic procedure known for its reduced tissue trauma and 
faster postoperative recovery. This minimally invasive technique 
encompasses a range of interventions, including joint exami-
nation, meniscal reshaping, and cruciate ligament reconstruc-
tion. However, despite its advantages, AKS is frequently associ-
ated with considerable postoperative pain due to factors such 
as surgical trauma, intraoperative tourniquet application, and 
inflammatory responses. Effective pain management is there-
fore essential to facilitate rapid patient recovery [1]. Recent 
evidence supports the use of ultrasound-guided adductor ca-
nal block (ACB) and interspace between the popliteal artery 
and posterior capsule of the knee (IPACK) block for control-
ling postoperative knee pain. These techniques selectively tar-
get sensory innervation of the anterior and posterior regions 
and preserving motor function, thereby reducing analgesic 
consumption and promoting quicker rehabilitation [2-4]. Our 
prior investigation evaluating the ACB-IPACK combination re-
vealed significant reductions in 24-hour (h) postoperative Visual 
Analog Scale (VAS) scores and enhanced functional recovery. 
However, the inherent limitation of single-injection peripheral 
nerve blocks is their short analgesic duration. Nonetheless, the 
transient nature of single-shot peripheral nerve blocks neces-
sitates strategies to prolong the effects of ACB and IPACK [5].

Dexmedetomidine (DEX), a highly selective alpha-2 adrener-
gic receptor (a2-AR) agonist, has sedative, analgesic, anxiolyt-
ic, and anti-inflammatory properties [6,7]. Preclinical and clin-
ical studies suggest its ability to attenuate pro-inflammatory 
cytokines (IL-1b, IL-6, TNF-a) implicated in postoperative pain 
pathogenesis. Notably, when used as a perineural adjuvant, 
DEX prolongs brachial plexus block duration and reduces res-
cue analgesia requirements [8-11]. However, the researchers 
suggested that the benefits and harms of prolonged nerve 
block duration should be weighed against adverse effects, 
and more studies are needed to confirm the safety of DEX as 
a local anesthetic adjuvant [12-14].

Meta-analyses suggested perineural DEX administration can 
extend postoperative analgesia duration compared to system-
ic delivery in peripheral nerve blocks; these conclusions are 
based on moderate-quality evidence with significant heteroge-
neity [15,16]. However, there have been no studies on the ef-
fects of perineural DEX to IPACK and intravenous DEX on post-
operative analgesia and rehabilitation of patients with IPACK 
combined with ACB in AKS. Based on the above, we can as-
sume that compared with intravenous DEX, perineural DEX has 
more advantages in prolongating IPACK and ACB block time 
and promoting postoperative rehabilitation. This study pro-
vides clinical evidence on the comparative effectiveness and 
safety of perineural versus intravenous DEX in enhancing and 

prolonging postoperative analgesia and functional recovery in 
AKS patients. Our findings can guide clinical practice by offer-
ing an efficient and safe analgesia regimen that can improve 
patient outcomes, reduce pain, and facilitate quicker rehabil-
itation. Improved pain management postoperatively can sig-
nificantly enhance patient comfort, expedite recovery, and po-
tentially reduce the length of hospital stays, thereby improving 
overall quality of life following AKS.

Material and Methods

The study was designed as a randomized, parallel-controlled, 
3-arm trial conducted at Longgang Central Hospital of Shenzhen, 
Guangdong, China. The study period was from March 27, 2024, 
and August 27, 2024. The trial adhered to the CONSORT guide-
lines and was registered with the Chinese Clinical Trial Registry 
on February 28, 2024 (ChiCTR2400081326; http://www.chict.
org.cn, principal investigator: Zeng Jian). Ethics approval was 
granted by the Ethics Committee of Longgang Central Hospital 
(Approval No. 2023ECPJ007). Written informed consent was 
voluntarily provided by all participants and their families be-
fore participation.

Randomization and Blinding

Preliminary experimental data on postoperative analgesic ef-
fects across the 3 study groups revealed mean 24-hour VAS 
scores of 2.6, 2.2, and 1.8, with standard deviations of 0.8, 
0.9, and 0.6, respectively. Using a 2-tailed test with an a lev-
el of 0.05 and a test power (1-b) of 90%, sample size calcu-
lations were performed using PASS 15 software. To account 
for a possible 10% attrition rate, the minimum required sam-
ple size per group was determined to be 34 participants. This 
resulted in a total sample size of 102 subjects, ensuring ad-
equate power to detect statistically significant differences 
among the groups [17,18].

n = j²(∑si
²/g) / [∑(X

_
1 - X

_
)2 / (g - 1)]

In this equation, n represents the sample size per group, g de-
notes the number of groups, and si and x represent the stan-
dard deviation and mean, respectively.

Patients were randomly allocated into 3 groups of 34 patients 
each. Using a computer to generate random serial numbers, 
the generated serial numbers were randomly divided into 3 
groups: perineural DEX adjuvant+IPACK+ACB for Group E, in-
travenous DEX+IPACK+ACB for Group I, and IPACK+ACB was 
Group C (the control group). The randomized sequences were 
hidden in opaque envelopes that were opened by the anes-
thesiologist performing the procedure, who was not aware 
of the study protocol and was not involved in postoperative 
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follow-up. The experimental drugs were dispensed by research-
ers who are completely unaware of the trials. The anesthesiol-
ogist who performed the procedure and the researchers who 
followed up and recorded the procedure were unaware of the 
drug configuration.

Participants

A total of 102 eligible patients were enrolled in this study, all 
of whom were scheduled for unilateral knee arthroscopic elec-
tive surgery (these include knee arthroscopy, knee arthroscop-
ic meniscus dressing, and knee arthroscopic anterior fork lig-
ament reconstruction) in the Department of Osteoarthrosis. 
Participants were classified with ASA grades I to II, aged 19-69 
years, and included males and females. Their BMI ranged from 
18 to 30 kg/m2. Patients were required to have no contrain-
dications to anesthesia, no history of narcotic dependence or 
abuse, no known allergies to local anesthetics, and no history 
of poorly controlled hypertension, diabetes, or cardiovascular 
disease. Exclusion criteria were the inability to speak or com-
prehend Mandarin, contraindications to anesthesia, a histo-
ry of alcohol or drug abuse, allergic to any medication, poorly 
controlled hypertension, diabetes, heart disease, sinus brady-
cardia, coagulation dysfunction, pregnancy, and long-term glu-
cocorticoid use. General anesthesia was provided during exci-
sion as a backup measure and to identify patients for whom 
the ACB or IPACK block was ineffective. The anesthesia pro-
cedures were performed by a board-certified attending anes-
thesiologist (Researcher A) specializing in perioperative an-
esthesia management and ultrasound-guided regional nerve 
blocks. Researcher A independently screened and enrolled el-
igible participants according to the predefined inclusion/ex-
clusion criteria to ensure methodological rigor.

Procedures

Prior to surgery, all patients followed a standardized preoper-
ative protocol, abstaining from fluids for 4 h and food for 8 h. 
Upon arrival in the operating room, patient identification was 
verified, peripheral venous access was established, and con-
tinuous non-invasive monitoring of blood pressure, electrocar-
diogram, and blood oxygen saturation was initiated. For the 
administration of lumbar anesthesia, all patients underwent 
ultrasound-guided ACB and IPACK block, using 20 ml of 0.25% 
ropivacaine. In Group E, 0.5 µg/kg of DEX, totaling 1 µg/kg, 
was added to the local anesthetic mixtures for both blocks. 
Group I received a 1 µg/kg intravenous infusion of DEX over a 
15-minute period, while Group C, serving as the control group, 
received no DEX administration.

Ultrasound-Guided IPACK and ACB Block

The IPACK block was performed with the patient in the prone po-
sition. The ultrasound linear probe was placed transversely over 
the popliteal fossa, scanning parallel to identify the space between 
the high-echo line representing the femoral shaft and the popli-
teal artery. This identified the IPACK block target area, where the 
tibial nerve was located medially above the popliteal artery, and 
the common peroneal nerve was positioned laterally, both dis-
playing a characteristic “honeycomb” appearance [5,19] (Figure 1).

Following the IPACK block, patients were repositioned supine 
for the ACB block, with the knee gently flexed and abducted. 
The ultrasound probe was positioned transversely over the in-
ner thigh, targeting the middle and lower thirds of the line be-
tween the patella and inguinal region, identifying the femoral 
artery and femur. The ACB block area was characterized by a 

Figure 1. �Ultrasound images demonstrating 
IPACK. SN – sciatic nerve; A – popliteal 
artery; V – popliteal vein. Arrows 
indicate the needle. F – distal left 
lower limb; I – inner thigh. Arrows 
indicate the needle; Anesthetic stands 
for injection target; Ä – ultrasonic 
probe placement position.
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“triangular” hyperechoic shadow formed by the adductor mag-
nus, sartorius, and vastus medialis muscles [5,20] (Figure 2).

Ten minutes after both blocks were administered, their anes-
thetic efficacy was evaluated. Upon confirmation of success-
ful blocks, single-shot lumbar anesthesia was performed. The 
patient was positioned laterally with their arms folded over 
the knees and the head bent forward. The L3-4 interspace was 
identified, and a 2.5-ml dose of 0.5% ropivacaine was inject-
ed to achieve lumbar anesthesia, ensuring that the anesthet-
ic level did not exceed the T8 dermatome.

Postoperative Analgesia Management

Postoperatively, all patients received a standard analgesic reg-
imen of intravenous flurbiprofen ester at 1.0 mg/kg, adminis-
tered twice daily. If patients reported a VAS score above 4, an 
additional intravenous dose of 30 mg of pentazocine was pro-
vided for supplementary pain relief. After discharge, patients 
were advised to manage any residual pain with 200 mg oral 
celecoxib once daily if the VAS score was above 4.

Assessment of Postoperative Outcomes

Primary Outcome

Patients were instructed to self-report their resting and active 
VAS scores, with particular attention to instances where the 
joint curvature exceeded 45°, at designated intervals of 6 h, 12 
h, 24 h, 48 h, 54 h, and 60 h postoperatively, as well as 1 week 
after discharge. Additionally, changes in serum levels of IL-1b, 
IL-6, and TNF-a on the first postoperative day were compared 
to baseline levels obtained prior to anesthesia administration.

Secondary Outcomes

The frequency of postoperative analgesic interventions in the 
ward and the amount of analgesics consumed during the week 
following discharge were meticulously recorded. Maximum am-
bulation distances at 24 h and 48 h after surgery were also 
assessed for the 3 patient groups, with family assistance pro-
vided for safety. Postoperative complication rates were care-
fully monitored and evaluated across all groups.

Postoperative Follow-Up

Three data records were designed for this study:

Record Table 1: Patient-reported outcomes were compre-
hensively logged by the postoperative follow-up personnel 
(Researcher B). Pain scores were measured according to VAS 
0-10 (0 cm no pain and 10 cm worst pain). Data captured in-
cluded resting and active VAS scores, particularly when the 
joint curvature exceeded 45°, as reported at 6, 12, 24, 48, 54, 
and 60 hours after surgery, and 1 week after discharge, ad-
hering strictly to VAS scoring protocols. A measuring scale was 
installed at the entrance of adjacent wards to aid in data col-
lection. With assistance from family members, patients record-
ed their maximum walking distances (in meters) at 24 and 48 
hours after surgery. Analgesic consumption during the first 
week after discharge was also documented. After completing 
the records 1 week after discharge, patients were contacted by 
the data collector via WeChat to retrieve the completed forms.
Record Table 2: Postoperative complications such as nau-
sea, vomiting, urinary retention, nerve damage, and foot drop 
were systematically documented by the designated investiga-
tor (Researcher B). The frequency of postoperative pain relief 

Figure 2. �Ultrasound images demonstrating 
ACB. F – distal left lower limb; I – inner 
thigh; SM – sartorius; A – femoral 
artery; V – venae femoris. arrows 
indicate the needle. Anesthetic stands 
for injection target. Ä – ultrasonic 
probe placement position.
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interventions administered in the hospital was sourced from 
electronic medical records.
Record Table 3: Intraoperative complications, including nausea, 
vomiting, hypertension, and sinus bradycardia, were recorded 
by the primary anesthesiologist (Researcher A).

Records Form 1 and 2 were supervised by the follow-up staff 
(Researcher B), who fully communicated with the experiment-
er before filling in the form and explained the content to be 
filled in after the operation. Patients completed Record Table 1. 
Venous blood samples were drawn by a visiting nurse prior to 
anesthesia and by the ward nurse on the first postoperative 
day. The blood samples were sent to the laboratory within 1 
hour of collection to measure serum levels of IL-1b, IL-6, and 
TNF-a using a Rejing Bio-C2000 automatic chemiluminescence 
immunoanalyzer. Upon completion of the study, the laborato-
ry consolidated the final dataset and provided it to the data 
collection team for analysis.

Statistical Analysis

Data analysis was performed using SPSS version 29.0.1.0, 
whereas graphical representations were generated through 
GraphPad Prism 8.0, with statistical significance established at 
P values less than 0.05. Continuous variables were expressed as 
mean±standard deviation or median. Categorical variables were 
summarized using frequency and percentage. Continuous vari-
ables with normal distribution were analyzed utilizing one-way 

analysis of variance (ANOVA), followed by the Bonferroni cor-
rection for multiple tests. In cases of skewed continuous vari-
ables, the Kruskal-Wallis test was employed, accompanied by 
Bonferroni tests. Categorical variables were examined through 
chi-square or Fisher’s exact tests, as appropriate.

Results

Summary of Participation

Between March 27, 2024, and August 27, 2024, a total of 130 
patients scheduled for unilateral AKS were screened. Of these, 
28 patients were excluded based on predefined criteria: 9 did 
not meet 1 or more of the inclusion criteria, 8 met the exclu-
sion criteria, 3 declined to participate, 5 had their surgeries can-
celed, and 3 underwent bilateral AKS. The remaining 102 pa-
tients were randomly allocated into 3 groups: Group E (n=34) 
received 1 µg/kg perineural DEX, Group I (n=34) received a 1 
µg/kg intravenous DEX injection, and Group C (n=34) served 
as the blank control. Following allocation, 1 patient in Group 
I was excluded due to postoperative serum sample degrada-
tion, resulting in a final total of 33 participants in Group I. 
Group E and Group C retained all 34 participants (Figure 3). 
The treatment compliance rate was 100%, the adherence rate 
was 100%, and the drop-out rate was 0.02%. A total of 14 
subjects had adverse reactions, and the incidence of adverse 
events was 13.7%.

Screened=130 
Patients planned for arthroscopic knee surgery 

Randomized=102

Group I=34
Dexmedetomidine iv. 

Exduded=28 
• 9 patients did not meet the inclusion criteria 
• 8 patients met the exclusion criteria 
• 3 patients refused to participate 
• 5 patients were ruled out due to cancellation of surgery
• 3 patients underwent bilateral knee surgery 

Group E=34 
Local anesthetic + Dexmedetomidine 

Group C=34
Control group

Excluded=1 
The serum specimen was destroyed

Excluded=O Excluded=O

Primary outcome analysis=33Primary outcome analysis=34 Primary outcome analysis=34

Figure 3. �Patient enrollment, inclusion, and exclusion processes. Group E, perineural DEX adjuvant+IPACK+ACB. Group I, intravenous 
DEX+IPACK+ACB. Group C, (IPACK+ACB) control group.
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The primary surgical procedures conducted among the 101 
cases included joint cavity exploration, meniscal sculpting, and 
cruciate ligament reconstruction. Comparative analysis of base-
line characteristics across the 3 groups showed no statistical-
ly significant differences in terms of sex, age, BMI, ASA grade, 
surgery duration, resting period 24 h before surgery, and pre-
operative VAS scores during physical activity (P>0.05) (Table 1).

Primary Outcomes

Postoperative Resting and Active VAS Scores

Compared to Group C, Group E exhibited significantly lower 
resting VAS scores at 12 h (P=0.002, mean difference,-0.77; 
95% CI, -1.30 to -0.23), 24 h (P<0.001, mean difference,-0.91; 
95% CI, -1.42to -0.41), 48 h (P<0.001, mean difference -1.15; 
95% CI, -1.65 to -0.65), and 54 h (P =0.015, mean difference 
-0.53; 95% CI, -0.98 to -0.08) after surgery, as well as low-
er active VAS scores at 12 h (P<0.001, mean difference 1.82; 
95% CI, -2.30 to -1.35), 24 h (P=0.003, mean difference 0.71; 
95% CI, -1.22 to -0.20), and 48 h (P<0.001, mean difference 
-0.91; 95% CI, -1.32 to -0.50). Group I demonstrated a signif-
icant reduction in active VAS scores at 12 h (P=0.007, mean 
difference -0.61; 95% CI, -1.09 to -0.13) after surgery. No sig-
nificant differences were observed between the groups for 

resting and active VAS scores at other time points (P > 0.05). 
When comparing Group E to Group I, Group E showed signifi-
cantly lower resting VAS scores at 12 h (P=0.029, mean differ-
ence -0.59; 95% CI, -1.13 to -0.05), 24 h (P=0.003, Mean differ-
ence -0.71; 95% CI, -1.22 to -0.20), and 48 h (P=0.005, Mean 
difference -0.67; 95% CI, -1.17 to -0.17), as well as lower ac-
tive VAS scores at 12 h (P<0.001, mean difference -1.21; 95% 
CI, -1.69 to -0.73) and 24 h (P=0.035, mean difference -0.54; 
95% CI, -1.06 to -0.03) (Figure 4A, 4B; Table 2).

Difference in Inflammatory Factors Between The First Day 
After Surgery and Before Anesthesia

In terms of inflammatory markers, Group E showed a signif-
icantly smaller difference in serum IL-1b levels on the first 
postoperative day and before anesthesia compared to Group 
I (P=0.04). Group I showed a significantly smaller difference in 
serum IL-1b levels on the first postoperative day and before 
anesthesia compared to Group C (P<0.001). However, no sig-
nificant differences were observed in serum IL-6 levels across 
the groups at the same timepoint (P>0.05). Compared to Group 
C, Group I had a significant reduction in serum TNF-a levels on 
the first postoperative day and before anesthesia (P=0.005), 
while Group E showed no significant change in TNF-a levels 
(P>0.05) (Table 3).

Project
Group E
(n=34)

Group I
(n=33)

Group C
(n=34)

P valuea,b

Sociodemographic characteristics

	 aMean age (SD) in years 	 41.7	 (11.4) 	 40.9	 (11.9) 	 39.8	 (11.2) 0.795

	 bSex, n(%)

0.908		  Male 	 18	 (52.9) 	 19	 (57.6) 	 18	 (52.9)

		  Female 	 16	 (47.1) 	 14	 (42.4) 	 16	 (47.1)

Surgical characteristics

	 aMean BMI (SD) in kg/m2 	 24.8	 (3.7) 	 23.8	 (3.3) 	 23.7	 (3.1) 0.331

	 bASA classify, n

0.771		  I 	 6	 (17.6) 	 8	 (24.2) 	 8	 (23.5)

		  II 	 28	 (82.4) 	 25	 (75.8) 	 26	 (76.5)

	 aMean operative time (SD) in minutes 	 43.3	 (18.3) 	 45.8	 (24.1) 	 45.7	 (24.1) 0.873

	 aMean preoperative VAS pain score (SD)

		  At rest 	 1.4	 (0.8) 	 1.6	 (0.8) 	 1.4	 (0.8) 0.589

		  At activity 	 2.3	 (0.8) 	 2.5	 (0.8) 	 2.2	 (0.8) 0.388

Table 1. Comparison of basic data among 3 groups.

BMI – Body Mass Index; VAS – Visual Analog Scale. ASA – American Society of Anaesthesiologists. a single-factor ANOVA. b c2 tests. 
The P value is the comparison between groups. Group E, perineural DEX adjuvant+IPACK+ACB. Group I, intravenous DEX+IPACK+ACB. 
Group C, (IPACK+ACB) control group.
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Secondary Outcomes

Postoperative Analgesic Remedy Times and Consumption

The number of analgesic interventions administered on the 
first postoperative day (PD1) did not show statistically signif-
icant differences among the 3 groups (P>0.05). However, a sig-
nificant difference emerged in the number of analgesic inter-
ventions required on the second postoperative day (PD2), with 
Group E and Group I requiring fewer interventions compared 

to Group C (P<0.001). Among the cases, the distribution across 
groups was as follows: 2 (5.9%) in group E, 7 (21.2%) in group 
I, and 18 (52.6%) in group C. Regarding analgesic consump-
tion 1 week after hospital discharge, no significant differenc-
es were noted among the groups (P>0.05) (Table 4).

Maximum Postoperative Walking Distance

Compared to Group C, Group E had significantly greater max-
imum walking distances at 24 h (P<0.001, mean difference 

*

* * *

* * *

5

4

3

2

1

0

Grpoup E
Grpoup I
Grpoup C

6 h 12 h 24 h 48 h 54 h 60 h 1 week

Po
sto

pe
ra

tiv
e V

AS
 sc

or
e a

t r
es

t

*

*

*

*

*

5

4

3

2

1

0

Grpoup E
Grpoup I
Grpoup C

6 h 12 h 24 h 48 h 54 h 60 h 1 week

Po
sto

pe
ra

tiv
e V

AS
 sc

or
e a

t a
cti

vit
y

A

B

Figure 4. �(A) Postoperative VAS pain scores at rest in the 3 groups. (B) Postoperative VAS pain scores at activity in the 3 groups. 
Utilizing one-way analysis of variance (ANOVA), followed by the Bonferroni correction for multiple tests. * Significant 
differences in comparison between groups, P<0.05. VAS – Visual Analog Scale; h – hours. 1 week represents 1 week after 
discharge from hospital. Group E, perineural DEX adjuvant+IPACK+ACB. Group I, intravenous DEX+IPACK+ACB. Group C, 
(IPACK+ACB) control group.
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Standard error Mean difference (95% CI) P value

Resting state

	 12 h 0.22 -0.77 (-1.30 to -0.23) 0.002

	 24 h 0.21 -0.91 (-1.42 to -0.41) <0.001

	 48 h 0.20 -1.15 (-1.65 to -0.65) <0.001

	 54 h 0.18 -0.53 (-0.98 to -0.08) 0.015

Active state

	 12 h 0.20 -1.82 (-2.30 to -1.35) <0.001

	 24 h 0.21 -0.71 (-1.22 to -0.20) 0.003

	 48 h 0.17 -0.91 (-1.32 to -0.50) <0.001

Table 2. Comparison of Postoperative VAS scores between Groups E and C.

Utilizing one-way analysis of variance (ANOVA), followed by the Bonferroni correction for multiple tests. VAS – Visual Analog Scale; 
h – hours. Group E, DEX local anesthetic adjuvant. Group C, blank control. Group E, perineural DEX adjuvant+IPACK+ACB. Group I, 
intravenous DEX+IPACK+ACB. Group C, (IPACK+ACB) control group.

Project
Group E
(n=34)

Group I
(n=33)

Group C
(n=34)

 H P value

(&) IL-1b 0.07±0.83* -0.69±1.36# 1.54±3.86 19.06 <0.001

(&) IL-6 4.21±6.34 1.03±13.51 8.31±20.91 1.17 0.558

(&) TNF-a 0.29±3.12 -2.18±8.84# 2.01±5.61 9.99 0.007

Table 3. �The difference value of inflammatory factors between the first day after surgery and before surgery in the 3 groups 
(mean±SD).

We used the independent-samples Kruskal-Wallis test to check for differences between groups. # Indicates comparison with Group C, 
P<0.05. * Comparison with Group I, P<0.05. It was statistically significant. (&) indicates difference value of inflammatory factors 
between the first day after surgery and before surgery. H stands for statistic. Group E, perineural DEX adjuvant+IPACK+ACB. Group I, 
intravenous DEX+IPACK+ACB. Group C, (IPACK+ACB) control group.

Project
Group E 
(n=34)

Group I 
(n=33)

Group C 
(n=34)

F/c2 P value

bPD1 	 2	(5.9) 	 6	(18.2) 	 8	(23.5) 2.111 0.127

bPD2 	 2	(5.9) 	 7	(21.2) 	 18	(52.9) 12.087 <0.001

a1-week discharge analgesics (capsules) 2.32±1.77 2.64±1.71 2.59±2.05 0.280 0.757

Table 4. �Frequency of postoperative rescue analgesia and the dose oral analgesics administered at 1-week after discharge in the 3 
groups [(%), (mean±SD)].

a Single-factor ANOVA; b c2 tests. PD1, Number of rescues and analgesia on the first day after surgery. PD2, Number of rescues 
and analgesia on the second day after surgery. The P value is the comparison between groups. Group E, perineural DEX 
adjuvant+IPACK+ACB. Group I, intravenous DEX+IPACK+ACB. Group C, (IPACK+ACB) control group.
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Project
Group E 
(n=34)

Group I 
(n=33)

Group C 
(n=34)

F P value

aPostoperative 24 h (m) 30.38±6.75#,* 23.70±8.58 19.22±8.52 16.821 <0.001

aPostoperative 48 h (m) 79.06±20.72#,* 62.67±26.40# 48.53±18.29 16.370 <0.001

Table 5. Maximum postoperative distance in the 3 groups (mean±SD).

Use the Single-factor ANOVA. # Indicates comparison with Group C, P <0.05; * indicates P<0.05 for comparison with Group I, it was 
statistically significant. The P value is the comparison between groups. Group E, perineural DEX adjuvant+IPACK+ACB. Group I, 
intravenous DEX+IPACK+ACB. Group C, (IPACK+ACB) control group.

Standard error Mean difference (95% CI) P value

24 hours after surgery

	 Group E vs C 1.93 11.16 (6.44 to 15.88) <0.001

	 Group I vs C 1.95 4.48 (-0.28 to 9.22) =0.072

48 hours after surgery

	 Group E vs C 5.34 30.53 (17.52 to 43.54) <0.001

	 Group I vs C 5.38 14.14 (1.03 to 27.24) =0.03

Table 6. Maximum postoperative walking distance.

Use the single-factor ANOVA followed by Bonferroni correction for multiple tests. 95% CI, 95% confidence interval. The P value is the 
comparison between groups. Group E vs C, Group E was compared with Group C. Group I vs C, Group I was compared with Group C. 
Group E, perineural DEX adjuvant+IPACK+ACB. Group I, intravenous DEX+IPACK+ACB. Group C, (IPACK+ACB) control group.

Project
Group E 
(n=34)

Group I 
(n=33)

Group C 
(n=34)

c2 P value

Nausea 	 1	 (2.9) 	 5	 (15.2) 	 6	 (17.6) 4.012 0.135

Vomiting 	 1	 (2.9) 	 2	 (6.0) 	 5	 (15.2) 3.459 0.177

Retention of urine 	 0	 (0.0) 	 1	 (0.0) 	 1	 (2.9) 1.036 0.596

Nerve damage 	 0	 (0.0) 	 0	 (0.0) 	 0	 (0.0) – –

Foot drop 	 1	 (2.9) 	 0	 (0.0) 	 0	 (0.0) 1.990 0.370

Hypertension 	 0	 (0.0) 	 3	 (9.1) 	 1	 (2.9) 3.779 0.151

Sinus bradycardia 	 0	 (0.0) 	 6	 (18.2) 	 2	 (5.6) 7.882 0.019

Table 7. The incidence of postoperative complications in 3 groups (%).

Use the c2 tests. The P value is the comparison between groups. Group E, DEX local anesthetic adjuvant+IPACK+ACB. Group I, 
intravenous DEX+IPACK+ACB. Group C, (IPACK+ACB) control group.

e947087-9
Indexed in:  [Current Contents/Clinical Medicine]  [SCI Expanded]  [ISI Alerting System]   
[ISI Journals Master List]  [Index Medicus/MEDLINE]  [EMBASE/Excerpta Medica]   
[Chemical Abstracts/CAS]

Zeng J. et al: 
Effects of dexmedetomidine on analgesia
© Med Sci Monit, 2025; 31: e947087

CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



11.16; 95% CI, 6.44 to 15.88) and 48 h (P<0.001, mean dif-
ference 30.53; 95% CI, 17.52 to 43.54) after surgery, Group I 
had significantly greater maximum walking distances at 24 h 
(P=0.072, mean difference 4.48; 95% CI, -0.28 to 9.22) and 
48 h (P=0.03, Mean difference,14.14; 95% CI, 1.03 to 27.24) 
after surgery. Additionally, Group I exhibited a significant in-
crease in walking distance at 48 h postoperatively (P<0.05). 
Compared with Group I, Group E showed a statistically sig-
nificant improvement in maximum walking distance at both 
24 h (P=0.003, mean difference 6.69; 95% CI, 1.93 to 11.44) 
and 48 h (P=0.009, mean difference 16.39; 95% CI, 3.29 to 
29.50) (Tables 5, 6).

Incidence of Adverse Reactions

Regarding postoperative complications, there were signifi-
cant differences in the incidence of sinus bradycardia among 
the 3 groups (P=0.019). The incidence was zero in Group E, 
6 (18.2%) cases in Group I, and 2 (5.6%) cases in Group C. 
However, there were no significant differences in other com-
plications between the 3 groups, including nausea, vomit-
ing, urinary retention, nerve damage, foot drop, or hyperten-
sion (P>0.05). The incidence of nausea and vomiting in group 
E was the lowest (2.9%), but the incidence of postoperative 
nausea in group I and Group C was 15.2% and 17.6%, respec-
tively, and the incidence of postoperative vomiting in group C 
was 15.2% (Table 7).

Discussion

This study aimed to assess the efficacy of 1 µg/kg DEX, ad-
ministered as either a perineural adjuvant or by intravenous 
injection, in managing postoperative pain and facilitating re-
habilitation following AKS. The selection of 1 µg/kg DEX was 
based on its well-established safety and efficacy profile. DEX, 
when used as a perineural adjuvant, has been shown to pro-
long the duration of postoperative analgesia in tibial and fem-
oral nerve blocks [21,22]. Although IPACK and ACB are periph-
eral nerve blocks in the fascial space, given that the IPACK 
and ACB blocks involve innervation from the tibial and femo-
ral nerves [23,24], we think that the design of local anesthet-
ic adjuvant is reasonable. The use of 1 µg/kg DEX appeared 
appropriate for this study, and previous studies have validat-
ed the use of 20 ml of 0.25% ropivacaine for ACB and IPACK 
blocks as a reliable protocol [4,5].

In this study, VAS scores for the perineural adjuvant group 
(Group E) were significantly lower than those of the control 
group (Group C), both at rest (52 h after surgery) and during 
activity (48 h after surgery). This indicates a substantially bet-
ter analgesic effect in Group E. In contrast, the intravenous DEX 
group (Group I) showed a significant reduction in VAS scores 

compared to the control group only during activity at 12 h af-
ter surgery. No significant differences were observed between 
Group I and the control group at other time points. Previous 
research has shown that the combination of IPACK and ACB 
blocks significantly reduces VAS scores at 24 h postoperative-
ly in AKS patients [5]. Compared to these earlier findings, the 
current study suggests that using perineural DEX can extend 
the duration of analgesia to 48 h postoperatively. Additionally, 
VAS scores in Group E were significantly lower than those in 
Group I during rest at multiple time points within 48 h after 
surgery and during activity within the first 24 h. These results 
suggest that perineural DEX provides more effective postop-
erative analgesia than intravenous DEX alone. These findings 
are consistent with those of Rodrigues et al, who found that 
intravenous DEX did not significantly extend the duration of 
nerve block [25,26].

Mou’s study emphasized that combining ACB with IPACK blocks 
could reduce early postoperative pain following total knee ar-
throplasty (TKA), and highlighted the need for further research 
into extending the duration of these blocks [4]. Our findings 
demonstrate that perineural DEX can prolong the analgesic 
effects of ACB and IPACK. A study comparing DEX combined 
with dexamethasone to DEX alone as an adjuvant for ropiva-
caine suggested that the combination prolonged the duration 
of peripheral nerve blocks with minimal adverse effects [27]. 
Future research could build on these insights, exploring the 
potential benefits of combining DEX with other agents to fur-
ther enhance analgesic efficacy while minimizing complications.

Research has demonstrated that intravenous administration 
of DEX can lower serum levels of IL-1b, IL-6, and TNF-a dur-
ing the perioperative period in thoracoscopic lung cancer sur-
gery [28]. The decrease of serum IL-1b value in perineural ad-
juvant DEX on the first day after surgery was better than that 
in intravenous group, and DEX in intravenous group was bet-
ter than that in the control group. This finding aligns with pre-
vious research and is consistent with the reduction in IL-1b 
observed following DEX application perineural adjuvant in an-
imal models [8,10].

However, no significant differences in serum IL-6 (the differ-
ence value between the first postoperative day and before an-
esthesia) were noted among the 3 groups, which contrasts with 
the findings of Li et al [22]. The lack of significant IL-6 changes 
in this study may be attributed to the routine postoperative 
administration of 1 mg/kg flurbiprofen axetil, a non-steroidal 
anti-inflammatory drug (NSAID) known to significantly reduce 
postoperative IL-6 levels [29,30]. This suggests that NSAIDs 
may play a beneficial role in multimodal analgesia following 
AKS, and this conclusion can help guide the selection of post-
operative intravenous analgesics in AKS patients.
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Regarding serum TNF-a (the difference value between the 
first postoperative day and before anesthesia), the intrave-
nous DEX group showed a significant reduction compared to 
the control group, whereas no significant difference was ob-
served between the perineural adjuvant group and the con-
trol group. This indicates that intravenous DEX has a more 
pronounced effect in reducing serum TNF-a levels, consis-
tent with findings that intravenous DEX significantly reduc-
es TNF-a [11,28]. Nevertheless, in this study, we found that 
the incidence of sinus bradycardia was 18.2% in the intrave-
nous DEX group, which also raises concern about the cardio-
vascular systemic risk of intravenous DEX use [21,31]. While 
combining perineural and intravenous routes could theoreti-
cally maximize anti-inflammatory/analgesic synergy, our data 
caution against this approach without rigorous hemodynam-
ic monitoring. Future studies should explore lower DEX doses 
(eg, 0.5 µg/kg) or alternative adjuvants (eg, dexamethasone) 
to balance efficacy and safety [27].

Considering the literature, the hypothesis that DEX, when used 
perineural adjuvant, provides a more substantial prolongation 
of nerve block duration in peripheral nerves compared to in-
travenous administration can be explained by several mecha-
nisms. First, direct injection of DEX into peripheral nerves ac-
tivates a2-adrenergic receptors (a2-AR) in the surrounding 
vasculature, leading to localized vasoconstriction. This vaso-
constriction delays absorption of the anesthetic, thereby ex-
tending the duration of the nerve block [32]. Second, DEX’s 
peripheral administration inhibits the hyperpolarization-acti-
vated current (commonly known as the pacemaker current) 
in nerve cells, maintaining cell depolarization by blocking po-
tassium channels, amplifying sodium channel inhibition, and 
thus enhancing the local anesthetic’s efficacy [33]. Third, while 
intravenous DEX is known for its systemic anti-inflammato-
ry effects, our data suggest that peripheral nerve injection of 
DEX also significantly reduces the release of serum IL-1b. This 
reduction in postoperative IL-1b levels may contribute to ex-
tending the duration of the IPACK and ACB blocks. Notably, 
while intravenous DEX reduced TNF-a (Group I vs C: P=0.005), 
its failure to prolong analgesia beyond 12 h suggests inflam-
matory modulation alone is insufficient for sustained pain re-
lief. This dichotomy suggests that route-specific mechanisms, 
not global anti-inflammatory effects, primarily govern IPACK-
ACB duration.

Several studies have demonstrated that the combined use 
of IPACK and ACB for postoperative knee analgesia can re-
duce analgesic requirements on the first postoperative day 
[5,34,35]. In this study, all participants across the 3 groups re-
ceived IPACK and ACB blocks. The quantity of analgesics admin-
istered on PD1 did not significantly differ among the groups, 
consistent with previous findings. However, a marked differ-
ence was observed in analgesic consumption on PD2, with the 

local anesthetic adjuvant group requiring significantly fewer 
analgesics than the other 2 groups, and the intravenous DEX 
group required fewer than the control group.

In the group where DEX was used as a perineural adjuvant, a 
significantly longer maximum walking distance was observed 
at 24 and 48 hours after surgery compared to the intravenous 
DEX group and the control group, and the incidence of postop-
erative nausea and vomiting was significantly lower. This un-
derscores the effectiveness of IPACK and ACB blocks in knee 
surgeries, confirming that these blocks do not hinder patient 
mobility [35]. In addition, the use of DEX on peripheral nerves 
reduced the incidence of postoperative nausea and vomiting 
in patients, so the postoperative comfort of patients was im-
proved to a certain extent. The administration of perineural 
DEX extends the duration of analgesia provided by IPACK and 
ACB, thereby improving postoperative ambulation. Additionally, 
patients in the intravenous DEX group also had a significantly 
longer walking distance at 48 hours after surgery compared 
to the control group. Our results demonstrate the clinical rel-
evance of sustained analgesia, aligning with enhanced recov-
ery protocols.

Strengths and Limitations

The study has 2 advantages:
1)	�Research on the use of perineural DEX for IPACK and ACB 

analgesia in AKS remains limited. This study compared the 
effects of perineural DEX and intravenous injection on post-
operative analgesia and rehabilitation of AKS patients, and 
provided safe and reliable analgesia strategies for AKS pa-
tients after surgery.

2)	�By analyzing fluctuations in inflammatory markers before 
and after surgery, this study explored the underlying mech-
anisms through which perineural DEX prolongs the blockade 
of IPACK and ACB from a microscopic perspective. This con-
tributes to a deeper understanding of how DEX extends nerve 
block duration.

However, the study has certain limitations. It was a single-
center study with a relatively small sample size, which lim-
its the generalizability of the findings. Future research in-
volving larger sample sizes is necessary to corroborate these 
results. Additionally, single postoperative IL-1b/TNF-a mea-
surements limit insight into longitudinal inflammatory trajec-
tories. This should be addressed in future studies and further 
research is needed to explore the changes in serum inflam-
matory factors, which can eventually guide clinical diagno-
sis and treatment. In addition, the dose of DEX used in this 
study was 1 ug/kg. Although this dose was commonly used 
in previous studies, the dosage of perineural adjuvant DEX 
or intravenous injection could not guarantee that the dose 
of DEX was equivalent.
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Conclusions

Perineural dexmedetomidine at 1 µg/kg optimally extends 
IPACK-ACB analgesia to 48 hours, facilitating earlier ambula-
tion without motor compromise. While intravenous dexme-
detomidine demonstrates anti-inflammatory advantages, its 
transient analgesic effects and bradycardia risk limit its util-
ity as a standalone adjunct. These findings suggest the need 
for integration of route-specific dexmedetomidine within ERAS 
protocols for arthroscopic knee surgery.
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