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ABSTRACT

الفسحة  في  الموضعي  المخدر  حقن  فعالية  مقارنة  تتناول  الدراسة  هذه  الأهداف: 
الموجودة بين الشريان المأبضي ‏وكبسولة الركبة الخلفية وبين الترشيح بالمخدر الموضعي 
لكبسولة الركبة من حيث السيطرة على الألم وتحسين جودة الافاقه بعد عملية استبدال 

كامل لمفصل الركبة أحادي الجانب.

في  الجامعية  الطبية  المدينة  الملك سعود-  في جامعة  أجريت  الدراسة  هذه  المنهجية: 
الرياض، المملكة العربية السعودية، في الفترة ما بين سبتمبر 2020م ومارس2021م. 
تم توزيع ثمانين مريضاً مجدولين لعملية استبدال كامل لمفصل الركبة أحادي الجانب 
بشكل عشوائي بحيث يحصل الواحد منهم على اما حقن المخدر الموضعي في الفسحة 
الموجودة بين الشريان المأبضي وكبسولة الركبة الخلفية أو يحصل على الترشيح بالمخدر 
المخدر  حقن  على  سيحصلون  جميعًا  أنهم  بجانب  هذا  الركبة.  لكبسولة  الموضعي 
الموضعي في نفق العضلة المقربة وعلى التخدير الشوكي. النتائج الأولية تهتم بتقييم 
وفترة  العملية،  مدة  في  تهتم  الثانوية  والنتائج  العملية،  بعد  الألم  درجات  مستوى 

الجلوس في غرفة الأفاقة، والمؤشرات الحيوية، والتأهيل الفيزيائي ومدة التنويم.

الفسحة  في  الحقن  على  الحاصلة  المجموعة  في  الحركة  مع  الألم  مستوى  النتائج: 
الموجودة بين الشريان المأبضي وكبسولة الركبة الخلفية أقل بكثير من المجموعة الحاصلة 
على ترشيح الركبة بالمخدر الموضعي في الفترة خلال أربعة ساعات بعد العملية. ولكن 
لا يوجد فرق في مستوى الألم في المجموعتين خلال أربعة وعشرين وثمانية وأربعين 
الترشيح  مجموعة  مرضى  أن  أشار  والمشي  النهوض  فترة  فحص  العملية.  بعد  ساعة 
يحتاجون إلى وقت أطول من المجموعة الثانية بفارق واضح في الفترات أربعة وأربعة 
العملية. لا يوجد فرق في مجال الحركة للركبة  وعشرين وثمانية وأربعين ساعة بعد 

في كلا المجموعتين.

الخلاصة: أثبت إجراء حقن المخدر الموضعي في الفسحة الموجودة بين الشريان المأبضي 
وكبسولة الركبة الخلفية مصاحباً لحقن المخدر الموضعي في نفق العضلة المقربة والتخدير 
الشوكي تحسناً ملموساً في السيطرة على ألم ما بعد العملية مباشرة مع المحافظة على 
استبدال كامل لمفصل  الإفاقه من عملية  العضلات مما يسهم في تحسين جودة  حركة 

الركبة.

Objectives: To compare the efficacy of  interspace between 
the popliteal artery and the capsule of the posterior 
knee (iPACK) block with periarticular local infiltration 
analgesia (LIA) to assess postoperative pain control and 
enhanced recovery after total knee arthroplasty (TKA).

Methods: This research was carried out at King Saud 
University Medical City, Riyadh, Saudi Arabia, from 
September 2020 to March 2021. Eighty Patients 
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scheduled for elective unilateral TKA were randomized 
to receive either iPACK or periarticular LIA along 
with adductor canal block under spinal anesthesia. The 
primary outcome was postoperative pain score, and 
secondary outcomes included physical rehabilitation, 
duration of surgery, length of post-anesthesia care unit 
stay, hemodynamics, and length of hospital stay. 

Results: The pain score during activity in iPACK group 
was significantly lower compared to LIA group at 4 
hours postoperatively, but no significant difference was 
observed at 24 or 48 hours. The timed up and go test 
took significantly longer for patients in LIA group at 4, 
24, and 48 hours compared to those in iPACK group. 
No significant differences in knee range of motion were 
observed between the 2 groups at any point. 

Conclusion: Based on our findings, iPACK block is an 
effective technique in reducing pain in the immediate 
postoperative period without affecting motor function, 
resulting in enhanced recovery following primary TKA.

Keywords: iPACK, adductor canal block, local 
infiltration analgesia, total knee arthroplasty
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Optimal pain control and safe postoperative early 
mobilization are the main objectives of enhanced 

recovery after total knee arthroplasty (TKA).1,2 The 
trend of postoperative analgesia after TKA has been 
shifted from epidural and femoral nerve blocks (FNB) 
to motor-sparing sensory nerve blocks. Femoral nerve 
block  is an effective technique to control anteromedial 
pain and reduce postoperative opioid consumption post 
TKA but results in quadriceps muscle weakness, making 
physical rehabilitation unsatisfactory.3-5 Alternatively, 
blocking the saphenous nerve in the adductor canal 
provides comparable anteromedial pain relief and 
preserves quadriceps strength comparing to FNB after 
TKA.6-8 

Human knee innervation is complex.9 The posterior 
knee joint is innervated by popliteal plexus, formed 
by the tibial and posterior branches of the obturator 
nerves.10 The efficacy of blocking these terminal 
sensory branches at the posterior knee capsule is under 
investigation. Pain that arises from the posterior knee 
after TKA may be ameliorated by ultrasound-guided 
local anesthetic infiltration of the interspace between 
the popliteal artery and the capsule of the posterior 
knee (iPACK).11,12 Since the first description of iPACK 
block by Sinha (unpublished observation)extensive 
research has been carried out to assess its efficacy. 13,14  

The advantages of iPACK compare to other modalities 
for posterior knee pain control are its motor-sparing 
analgesic effectiveness, reduced postoperative opioid 
consumption, and improved functional measures.15 
Unwanted complications during iPACK block include 
the risk of common peroneal nerve block, intravascular 
injection, or vascular injury to the nearby popliteal 
vessels.

In contrast to the local anesthetic infiltration of 
iPACK, intraoperative periarticular local infiltration 
analgesia (LIA) is a standard analgesic option for acute 
pain management after TKA. However, LIA block 
is performed by orthopedic surgeons on landmark 
technique. Its efficacy depends on the technique and the 
analgesic drugs regime used, but there is no consensus.16 
Therefore, provided the potential advantage of motor-
sparing and may be comparable analgesia of iPACK, 
this study aimed to compare iPACK block with 
routine periarticular LIA block when combined with 

adductor canal block (ACB) under spinal anesthesia. 
We hypothesize that iPACK is an effective technique to 
provide adequate analgesia after TKA.

Methods. We performed a prospective randomized 
controlled trial among patients who underwent elective, 
primary unilateral TKA under spinal anesthesia. The 
trial was registered at clinicaltrials.gov #NCT04565093. 
After obtaining Institutional Review Board approval 
(No. E-20-4819, from King Khalid University Hospital, 
Riyadh, Saudi Arabia), this study was carried out from 
September 2020 to March 2021. The inclusion criteria 
were having an American Society of Anesthesiologists 
(ASA) classification of I–III, being >18 years old, and 
having a body mass index (BMI) of <50 kg/m2. Patients 
were excluded if they had a history of rheumatoid 
arthritis, renal impairment, liver disease, had undergone 
prior back surgery, were on any anticoagulant, or had 
any other contraindication for spinal anesthesia. 

All patients were informed and consented to receive 
either iPACK block + ACB (iPACK group; n=40) or 
periarticular LIA block + ACB (LIA group; n=40) after 
spinal anesthesia. On arrival to the operation room, 
all eligible participants had an intravenous cannula in 
situ and monitors according to ASA guidelines. Under 
complete aseptic technique, spinal anesthesia was 
performed with a pencil-point 27-gauge (Whitacre) 
needle at lumbar space L3-L4 or L4-L5, with 
bupivacaine heavy (0.5%) and fentanyl (15 μg), for a 
total volume of 3 mL. 

The randomization scheme was generated using 
an online software (www.randomizer.org). Random 
allocation to either the iPACK or LIA group was 
indicated in a sealed, opaque envelope organized and 
opened in the block area by the anesthesia nurse. All 
participants and postoperative outcome assessors 
(physiotherapists) were blinded to the group allocation. 
The anesthesiologist responsible for intraoperative 
care and the operating surgeon were aware of the 
randomization.

Description of peripheral nerve block techniques. 
Infiltration of the interspace between the popliteal artery 
and the capsule of the posterior knee and ACB were 
performed using a complete aseptic technique and under 
ultrasound guidance by consultants anesthesiologists 
or regional anesthesia fellows approximately within 
10-15 minutes. Four senior orthopedic consultants 
performed the periarticular LIA block under complete 
aseptic measures using a technique based on landmarks 
approximately within 5-10 minutes. 

Adductor canal block.  A linear transducer (SonoSite 
15-6 MHz) was placed anteriorly distal to mid-thigh 

Disclosure. Authors have no conflict of interests, and the 
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then slide medially to locate the femoral artery under 
the sartorius muscle. The needle (Pajunk, Germany, 
80-100 mm) was inserted in-plane in a lateral-to-medial 
orientation and advanced further to penetrate the vasto-
adductor membrane into the adductor canal toward 
the saphenous nerve if visible. After careful aspiration, 
1-2 mL of normal saline was injected anterior and lateral 
to the femoral artery to confirm the proper injection 
site. The needle was redirected if the spread of normal 
saline was not evident.  A total of 20 mL of bupivacaine 
(0.25%) was injected into the adductor canal around 
the femoral artery.17 

Interspace between the popliteal artery and the 
capsule of the posterior knee block. A curvilinear 
transducer (SonoSite 5-2 MHz) was placed on the 
popliteal crease to visualize the space between the 
popliteal artery and femoral condyles. The needle 
(Pajunk, Germany, 80-100 mm) was inserted in-plane 
from the transducer’s anterior end in a medial-to-lateral 
trajectory. With the needle tip resting 2 cm beyond 
the lateral border of the artery, 20 mL of bupivacaine 
(0.25%) was injected after a negative blood aspiration 
to infiltrate the tissue space in divided doses as the 
needle was withdrawn.11

Periarticular LIA block. A mixture of 20 ml of 
bupivacaine (0.5%), 100 μg epinephrine, ± 10 mg of 
Morphine, ± 8 mg of lornoxicam, was diluted in 40 mL 
of normal saline. The posterior capsule was infiltrated 
with the mixture solution prior to implantation. After 
implantation, the rest of the solution was injected 
into the retinacular flaps, surrounding muscles, and 
subcutaneous tissues.18

Postoperative pain control. All participants were 
prescribed intravenous morphine 2 mg bolus, up to a 
maximum of 10 mg, if indicated in the Post-Anesthesia 
Care Unit (PACU). The multimodal analgesic regimen 
for the ward included 8 mg of intravenous lornoxicam 
every 12 hours and 1 gm of paracetamol every 8 hours 
if indicated for postoperative days 0-1. After 24 hours, 
200 mg of celecoxib was given orally every 12 hours, as 
well as 20 mg of oxycodone orally every 12 hours and 
75 mg of pregabalin orally every 12 hours; in addition, 
1 gm of paracetamol, taken orally every 6 hours, was 
prescribed for breakthrough pain.

The primary outcome was the severity of pain 
assessed postoperatively at 4, 24, and 48 hours by 
3 physiotherapists blinded to group allocation. 
Physical rehabilitation was evaluated by measuring 
the active-assisted knee range of motion (ROM)19 
using a goniometer (Sammons Preston-Rolyan #7514, 
Bolingbrook, IL, USA), and a timed up and go (TUG) 
test used to assess postoperative ambulation. Timed up 

and go test uses the time a person takes to rise from 
an armchair, walk 3 meters, turn around, walk back to 
the chair, and sit down.20 All patients were instructed 
preoperatively on how to report postoperative pain on 
a 10-point numerical rating scale (NRS), where 0 is no 
pain and 10 is the worst pain imaginable. The secondary 
outcomes were physical rehabilitation progress, 
duration of surgery, length of PACU stay, postoperative 
hemodynamics, length of hospital stay (LOS), and any 
adverse effects like vascular injury, common peroneal 
nerve block, intravascular injection/ local anesthetic 
systemic toxicity or any other iPACK- or ACB-related 
complications.

Statistical analysis. A previous trial found that the 
mean ± standard deviation of pain score at 24 hours 
post TKA to be 4.9 ± 2.7 points, and post iPACK 
to be 2.5 points.  Assuming 80% power at a 2-sided 
number of 0.05, we determined that a sample size of 
40 patients per group total of 80 would be essential.12,14 
Statistical analysis was performed using GraphPad 
Prism version 8.4.3 for Windows (GraphPad Software, 
La Jolla, CA, USA). Where appropriate, group means 
with a standard error of the mean (SEM) and sample 
size were reported. For all tests, differences between the 
groups were reported as exact p-values. Differences were 
considered statistically significant at an alpha level of 
<0.05. An unpaired student’s t-test was used to calculate 
group differences between parametric data. Chi-square 
test was used to calculate group differences between 
non-parametric and categorical data. 
 
Results. During recruitment, 105 patients were 
assessed for eligibility. Twenty-five patients were 
excluded from the study who met the exclusion criteria. 
We randomly allocated 80 patients to either the iPACK 
or LIA group to assess postoperative pain after TKA 
(Figure 1). The demographic data was comparable 
between the 2 groups (Table 1). There were no 
statistically significant differences between the 2 groups 
in relation to the duration of surgery, length of PACU 
stay, mean arterial pressure, heart rate, or LOS in days 
(Table 2).

As shown in Figure 2, the pain score was significantly 
lower in the iPACK group compared to the LIA 
group at 4 hours postoperatively (3.32 versus 4.75) 
(p=0.0046). No significant difference was observed after 
that at 24 hours (p=0.8253) or 48 hours (p=0.4098) 
when comparing the 2 groups. The TUG test, in 
seconds, was significantly longer in the LIA group at 
4, 24, and 48 hours compared to the iPACK group 
(p=0.0004, p=0.0013, and p=0.0017), respectively; 
(Figure 3). No significant differences were observed 
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Figure 1 -	Consolidated standards of reporting trial flow diagram. iPACK: interspace between 
the popliteal artery and the capsule of the posterior knee, LIA: local infiltration 
analgesia, GA: general anesthesia

Table 1 - Demographic data comparing iPACK and LIA groups.

Characteristics iPACK (n = 40) LIA (n = 40) 95% CI P-value

Age 64.28 ± 1.15 64.25 ± 1.24 -3.388 to 3.338 0.9882*
63.00 (59.00-69.75) 63.50 (58.00-69.75)

BMI 33.46 ± 0.97 34.66 ± 1.15
-1.806 to 4.187 0.4314*

 33.53 (29.15-36.08) 34.62 (27.65-39.85)
Gender

Female 30 (75.0) 33 (83.0)
N/A >0.4123**

Male 10 (25.0) 7 (18.0)
ASA
II 35 (87.5) 35 (87.5)

N/A >0.9999**
III 5 (14.3) 5 (14.3)

Values are presented as mean ± standard error of the mean (SEM) and numbers (percentages). Differences were considered 
statistically significant at an alpha level of less than 0.05. ASA: American Society of Anesthesiologists, BMI: body mass index,

 iPACK: interspace between the popliteal artery and the capsule of the posterior knee, LIA: local infiltration analgesia,
CI: confidence interval, *Unpaired student’s t-test was used to analyze the data. **Chi-square test was used to analyze the data.

between the 2 groups when comparing knee ROM at 
4 hours (p=0.7935), 24 hours (p=0.6979), or 48 hours 
(p=0.3069)(Figure 4).

Discussion. This study was carried out to assess the 
efficacy of iPACK block compared with LIA block under 
spinal anesthesia and ACB in relation to postoperative 

pain control and early mobilization. We found that 
patients who received iPACK block reported mild pain 
in the early postoperative period only, while those in 
the LIA group reported moderate pain. This assessment 
was conducted immediately after the spinal anesthesia 
effect had worn off 4 hours after surgery. After that, the 
pain score was moderate in both groups on days one 
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Table 2 - Intraoperative and postoperative patients characteristics comparing iPACK and LIA groups

 Characteristics iPACK LIA 95% CI P-value

Duration of surgery (minutes) 114.2 ± 3.296
94.25 - 130.00

122.1 ± 3.118
107.00 - 137.50 -1.183 to 16.880 0.0876

PACU duration (minutes) 61.0 ± 3.114
48.25 - 65.00

61.0 ± 2.452
48.50 - 68.00 -7.940 - 7.840 0.9900

 Mean arterial pressure (mmHg) 89.3 ± 1.757
81.25 - 95.00

88.2 ± 1.580
81.25 - 95.00 -5.853 - 3.555 0.6281

Heart rate (BPM) 79.0 ± 1.703
72.00 - 86.50

76.1 ± 1.374
70.00 - 83.75 -7.282 - 1.432 0.1853

Length of hospital stay (days) 3.2 ± 0.190
2.00 - 4.00

3.2 ± 0.275
2.00 - 3.00 -0.6902 - 0.6402 0.9406

An unpaired student’s t test was used to analyze the data between iPACK and LIA groups. Values are 
presented as mean ± SEM. iPACK: interspace between the popliteal artery and the capsule of the posterior 
knee, LIA: local infiltration analgesia, BPM: beats per minute SEM: standard error of the mean, PACU: 

Post-Anesthesia Care Unit, CI: confidence interval

Figure 2 -	Pain score during mobilization using Numerical Rating Scale 
(NRS 0-10) where 0 is no pain and 10 is the worst pain 
imaginable at 4, 24, and 48 hours postoperatively comparing 
iPACK and LIA groups. *p<0.05, **p<0.01, ***p<0.001, 
iPACK: interspace between the popliteal artery and the 
capsule of the posterior knee, LIA: local infiltration analgesia

and 2. Similarly, there was no significant difference in 
analgesic consumption between the 2 groups. As the 
patients in the iPACK group had less pain, they had 
better mobility compared to those in the LIA group as 
early as 4 hours on the ward. The active-assisted knee 
ROM measurements, taken while the patients were still 
on the ward, were comparable between the 2 groups. 
Therefore, postoperative early rehabilitation was 
possible in the iPACK group due to better pain control 

Figure 3 -	Timed-Up-and-Go test in seconds at 4, 24, and 48 hours 
postoperatively comparing iPACK and LIA groups. *p<0.05, 
**p<0.01, ***p<0.001, iPACK: interspace between the 
popliteal artery and the capsule of the posterior knee, LIA: 
local infiltration analgesia

and the motor-sparing effect of the combination of 
iPACK block and ACB. These findings support those 
reported in a retrospective study conducted by Jung.21

Periarticular LIA block, first described by Kerr and 
Kohan.22 Although it is a blind landmark technique and 
there is no consensus on the optimal dose or medication 
regime for postoperative pain control, its analgesic effect 
is undoubted. A recent meta-analysis showed that local 
anesthetic infiltration is superior to epidural analgesia 
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In conclusion, iPACK block is an effective technique 
in reducing pain in the immediate postoperative period 
without affecting motor function, resulting in enhanced 
recovery following primary TKA.
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Figure 3 -	  Assisted-active knee range of motion (ROM) 0=full extension 
135=maximum flexion in degrees at 4, 24, and 48 hours 
postoperatively comparing iPACK and LIA groups. iPACK: 
interspace between the popliteal artery and the capsule of the 
posterior knee, LIA: local infiltration analgesia

for postoperative pain control after TKA.23 Perhaps the 
doses and techniques used for periarticular LIA were 
likely inconsistent between the different operating 
surgeons in our study. Another systemic review and 
meta-analysis investigated and did not support adding 
iPACK block to ACB in the presence of periarticular 
LIA due to lack of any additional benefit.24 

The intra-articular excision of the knee evokes 
pain from structures being innervated by the popliteal 
plexus. Ultrasound-guided iPACK block mainly 
targets the terminal branches of the popliteal nerve 
plexus, which directly supply the posterior capsule of 
the knee.25 In 2 different studies, Kampitak et al2,25 
discussed the optimal location of the motor-sparing 
effect of iPACK block and its related complications. In 
this study, we performed the iPACK block between the 
popliteal artery and the femoral condyles, just above 
the popliteal crease. None of our patients had vascular 
injury, common peroneal nerve block, intravascular 
injection/local anesthetic systemic toxicity, or other 
iPACK- or ACB-related complications.

Study limitations. First, the medication regimen 
(including dosages) and knee infiltration analgesia 
techniques used by different surgeons at our institute 
were not standardized. Second, patients’ preoperative 
knee pain and medications were not recorded in this 
study. As such, further studies on a large number of 
patients are required to eliminate these limitations.
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