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BACKGROUND: Pre-operative adductor and femoral nerve blocks have been used to 
decrease post-operative pain for total knee arthroplasty. No study to our knowledge 
evaluates the efficacy of these two pre-operative blocks with liposomal bupivacaine 
injection (Exparel) intra-operatively. We conducted a prospective study determining the 
efficacy of pain relief and early post operative function between adductor nerve blocks and 
femoral nerve blocks with intra-operative bupivacaine injection for total knee arthroplasty.
METHODS: Data was prospectively collected and patients (N=55) that underwent total 
knee arthroplasty were divided into three groups: femoral nerve block, adductor nerve 
block, and control. Each block was administered by an anesthesiologist approximately 30 
minutes pre-operatively. Exparel was injected within the surrounding tissue 
intraoperativley. Patients were measured post-operative day 1, day 2, and day 3 using the 
visual analog pain scale, gait distance, active and passive range of motion, and length of 
hospital stay.
RESULTS: Adductor nerve block had a statistically significant decreased pain score 
(n=2.2) compared with fermoral nerve block (4.8) and Exparel only (4.33) (p < 0.05). 
Adductor nerve block patients also had a statistically significant decreased length of 
hospital stay (n=1.0) versus femoral nerve block (2.2) and bupicicaine only (1.3) (p < 0.05). 
There was no statistically significant difference in active range of motion, passive range of 
motion, or gait distance.
CONCLUSIONS: Our data shows that adductor nerve blocks in combination with 
Exparel alleviate pain and decrease length of hospital stay more effectively than femoral 
blocks with Exparel or Exparel alone. Although not statistically significant, there was a 
trend with adductor nerve block patients having greater active and passive range of motion 
between the three groups.

Background
Pain relief is essential for functional recovery following total knee arthroplasty. 

Regional anesthesia using ultrasound guidance, including femoral, obturator, sciatic, 
saphenous, and lateral cutaneous nerve blocks, have become increasingly more prevalent 
over the last decade [1]. The ideal nerve block should provide adequate pain relief, decrease 
dependence on opioids post-operatively, and maintain motor function.  

The femoral nerve block was first introduced nearly a century ago and has become 
one of the most commonly used nerve blocks for total knee arthroplasty [2].  It has been 
shown to improve analgesic outcomes and decrease length of hospital stay after total knee 
arthroplasty [3-4]. Femoral nerve blocks can also improve pain control in comparison with 
epidural or intravenous patient-controlled analgesia (PCA) alone [5-7].  However, there is 
an increased risk of falls in patients receiving femoral nerve blocks likely due to sensory 
prolonged anesthetic effects following surgery [8-9].

The saphenous nerve block was first described in the 1990s and is thought to target 
more specific sensory regions of the lower extremity versus the general sensory and motor 
distribution of the femoral nerve block [10]. Due to the saphenous nerve being a pure 
sensory block, it is thought to decrease the risk of falls. It has been shown to decrease 
muscle strength by only 8% whereas the femoral nerve block decreases muscle strength by 
49% [11]. Saphenous nerve blocks have also shown a reduction in VAS pain scores on 
movement, earlier ambulation, and reduced opioid requirements [12-13].

The use of long-acting liposomal bupivacaine injection (Exparel) was approved by 
the U.S. Federal Drug Administration in 2011 for analgesic use. Exparel has since been 
studied in prospective studies for post-operative pain control in procedures such as total 
knee arthroplasty, hemmorhoidectomy, bunionectomy, and breast augmentation [14]. In a 
phase 2 trial of healthy volunteers receiving Exparel femoral nerve blocks, it showed partial 
motor and sensory nerve block for >24 hours [15]. Following total knee arthroplasty, 
Exparel injected intra-operatively into the posterior capsule was effective in reducing 
postsurgical pain for up to 72 hours while reducing the need for opioids for pain relief [16].

Currently, there is no literature studying the use of Exparel with saphenous versus 
femoral nerve blocks. We conducted a prospective clinical trial determining the efficacy of 
pain relief and early post-operative function between saphenous nerve blocks and femoral 
nerve blocks with intra-operative Exparel injection for total knee arthroplasty
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Discussion and Conclusion
The current study is a part of  a prospective clinical trial to evaluate CPM use during TKA. Data was 

collected prospectively and analyzed with respect to the use of Exparel in conjunction with adductor canal or
femoral nerve blocks to decrease the length of hospital stay and pain. The duration of the study was from 
January 2013 to May 2014.

The subjects were placed into three different groups. Study group A received a pre-operative femoral 
nerve block with Exparel injected into the posterior capsule intra-operatively. Study group B received a pre-
operative adductor canal nerve block with Exparel injected into the posterior capsule intra-operatively. Study 
group C received only Exparel injected into the posterior capsule intra-operatively. 

A total of ninety subjects were enrolled in the study. Subjects received femoral nerve blocks until 
December 2013 where a change in practice occurred and the remainder of subjects until the end of the study 
received adductor canal nerve blocks. Of the ninety subjects selected for the study, twenty-five were not 
included in the final data analysis: seven subjects were excluded for receiving nerve block without Exparel 
intraoperatively;  fifteen subjects were not included due to clerical errors in completing the data sheet; two 
refused to participate in the study after initially agreeing; one patient had post-operative infection and was 
removed from the study. A total of sixty-five patients were included in the final data analysis. Study group A 
had a total of 23 patients included in the final data analysis. Study group B had a total of 35 patients included 
in the final data analysis. Study group C had a total of 7 patients included in the final data analysis

The inclusion criteria included subjects with a diagnosis of osteoarthritis, all subjects receiving a 
primary or revision total knee arthroplasty. Exclusion criteria excluded subjects with medical diseases or 
conditions that could interfere with testing performance, subjects with an infection of the knee, subjects with 
comprehension problems, and subjects who had intraoperative or postoperative complications.

We found that adductor canal nerve blocks in conjunction with Exparel had a statistically significant 
decrease in length of hospital stay (1.0 day) versus femoral nerve blocks in conjunction with Exparel (2.2 days) 
or Exparel alone (1.3 days) (p-value < 0.0039).

Adductor canal blocks in conjunction with Exparel also had a statistically significant decrease in pain 
scores (2.2) versus femoral nerve blocks in conjunction with Exparel (4.8) or Exparel alone (4.3) (p-value < 
0.008).

There was no statistical significance when comparing any of the three groups in regards to active and 
passive range of motion. However, we did see an increased range of motion both actively and passively in the 
adductor canal nerve blocks in conjunction with Exparel.

There was also no statistical significance when comparing any of the three groups in regards to gait 
distance.

This was a novel comparison of femoral nerve blocks versus adductor canal nerve blocks in 
combination with Exparel. Exparel has been used in trials previously for post-operative pain relief, but we 
could not find any trials where it was used in conjunction with a pre-operative femoral or adductor canal 
nerve block [14-15]. 

The adductor canal block targets the saphenous nerve as it courses through the adductor canal that is 
the terminal branch of the femoral nerve composed mostly of sensory fibers. It provides sensory innervation 
to the medial, anteromedial, and posteromedial aspects of the lower extremity from the distal thigh to the 
medial malleolus. The decrease in pain noted with using adductor nerve blocks with Exparel in our study 
could be due to anesthesia to the vastus medialis nerve, medial femoral cutaneous nerve, articular branches 
from the obturator nerve, or medial retinacular nerve [17-19]. Horn et al. also showed that sensory changes 
are not limited to the distribution of the saphenous nerve which includes when injecting through the adductor 
canal.

The decreased length of stay seen in our patients receiving adductor canal nerve blocks in conjunction 
with Exparel could be attributed to the sensory blockade seen when targeting the saphenous nerve. Jaeger et 
al showed better preservation in quadriceps strength with adductor canal blocks compared to femoral blocks 
following total knee arthroplasty. This preservation in strength in theory should help to decrease the risk of 
falls that are commonly seen following total knee arthroplasty when using nerve blocks [9,8,20]. Kim et al 
showed that saphenous nerve blocks provided adequate analgesia and significantly preserved motor strength 
in comparison with the femoral nerve block. This preservation in strength is important in providing early 
ambulation and rehabilitation in the immediate post-operative period that we believe decreased the length of 
hospital stay for our patients.

The use of Exparel has been studied as a single-injection peripheral nerve block in healthy individuals 
and has also been evaluated for pain control following total knee arthroplasty [15-16]. We were not able to 
find previous publications where Exparel was used in conjunction with adductor canal nerve blocks or 
femoral nerve blocks following total knee arthroplasty. The combination of Exparel with adductor canal nerve 
blocks proved beneficial for our patients post-operatively.

Our data shows that adductor nerve blocks in combination with Exparel alleviate pain and decrease 
length of hospital stay more effectively than femoral blocks or Exparel alone. Although there is no 
statistically significant difference in range of motion, adductor nerve block also had greater active and passive 
range of motion between the three groups in the inpatient setting. This study is important because increased 
pain and longer length of hospital stays are associated with infection, deep venous thrombosis and pulmonary 
embolism due to immobilization, increased opioid consumption, and cost. These results show that adductor 
canal nerve blocks with Exparel are a beneficial alternative to femoral nerve blocks with Exparel or Exparel 
alone.

Marhofer P, Harrop-Griffiths W, Willschke H, Kirchmair L. Fifteen years of ultrasound guidance in regional anaesthesia: Part 2-recent developments in block techniques. Br J Anaesth. 2010;104:673-683
Labat G. Regional Anesthesia in its Technique and Clinical Application. 2nd ed. Philadelphia: WB Saunders; 1924.
Paul JE, Arya A, Hurlburt L, Cheng J, Thabane L, Tidy A, Murthy Y. Femoral nerve block improves analgesia outcomes after total knee arthroplasty: a meta-analysis of randomized controlled trials. 
Anesthesiology. 2010;113:1144-1162.
Wang H, Boctor B, Verner J: The effect of single-injection femoral nerve block on rehabilitation and length of hospital stay after total knee replacement. Reg Anesth Pain Med. 2002 Mar-Apr;27(2):139-44.
Capdevila X, Barthelet Y, Biboulet P, Ryckwaert Y, Rubenovitch J, d’Athis F: Effects of perioperative analgesic technique on the surgical outcome and duration of rehabilitation after major knee surgery. A 1999; 
91:8–15
Singelyn FJ1, Deyaert M, Joris D, Pendeville E, Gouverneur JM: Effects of intravenous patient-controlled analgesia with morphine, continuous epidural analgesia, and continuous three-in-one block on 
postoperative pain and knee rehabilitation after unilateral total knee arthroplasty. Anesth Analg 1998; 87:88–92
YaDeau JT1, Cahill JB, Zawadsky MW, Sharrock NE, Bottner F, Morelli CM, Kahn RL, Sculco TP. The effects of femoral nerve blockade in conjunction with epidural analgesia after total knee arthroplasty 
Anesth Analg. 2005 Sep;101(3):891-5
Ilfeld BM, Duke KB, Donohue MC. The association between lower extremity continuous peripheral nerve blocks and patient falls after knee and hip arthroplasty. Anesth Analg. 2010;111:1552-1554
Johnson RL, Kopp SL, Hebl JR, Erwin PJ, Mantilla CB. Falls and major orthopaedic surgery with peripheral nerve blockade: a systematic review and meta-analysis. Br J Anaesth. 2013;110:518-528.
Mansour NY. Sub-sartorial saphenous nerve block with the aid of nerve stimulator. Reg Anesth. 1993;18:266-268
Jæger P, Zaric D, Fomsgaard JS, et al. Adductor canal block versus femoral nerve block for analgesia after total knee arthroplasty: a randomized, double-blind study. Reg Anesth Pain Med. 2013;38(6):526-32.
Moore DM, O’Gara A, Duggan M. Continuous saphenous nerve block for total knee arthroplasty: when and how?. Reg Anesth Pain Med. 2013;38:370-371
Andersen HL, Gyrn J, Møller L, Christensen B, Zaric D. Continuous saphenous nerve block as supplement to single-dose local infiltration analgesia for postoperative pain management after total knee 
arthroplasty. Reg Anesth Pain Med. 2013;38(2):106-11.
Portillo J, Kamar N, Melibary S, Quevedo E, Bergese S. Safety of liposome extended-release bupivacaine for postoperative pain control. Front Pharmacol. 2014;5:90.
Ilfeld BM, Malhotra N, Furnish TJ, Donohue MC, Madison SJ. Liposomal bupivacaine as a single-injection peripheral nerve block: a dose-response study. Anesth Analg. 2013;117(5):1248-56.
Barrington JW, Dalury DF, Emerson RH, Hawkins RJ, Joshi GP, Stulberg BN. Improving patient outcomes through advanced pain management techniques in total hip and knee arthroplasty. Am J Orthop.
2013;42(10 Suppl):S1-S20.
Manickam B, Perlas A, Duggan E, Brull R, Chan VW, Ramlogan R: Feasibility and efficacy of ultrasound-guided block of the saphenous nerve in the adductor canal. Reg Anesth Pain Med. 2009 Nov-
Dec;34(6):578-80.
Akkaya T, Ersan O, Ozkan D, Sahiner Y, Akin M, Gümüş H, Ateş Y. Saphenous nerve block is an effective regional technique for post-menisectomy pain.Knee Surg Sports Traumatol Arthrosc. 2008 
Sep;16(9):855-8.
Horn JL1, Pitsch T, Salinas F, Benninger B. Anatomic basis to the ultrasound-guided approach for saphenous nerve blockade. Reg Anesth Pain Med. 2009 Sep-Oct;34(5):486-9.
Muraskin SI, Conrad B, Zheng N, Morey TE, Enneking FK. Falls associated with lower-extremity-nerve blocks: a pilot investigation of mechanisms. Reg Anesth Pain Med . 2007;32:67–72
Kim DH, Lin Y, Goytizolo EA, et al. Adductor Canal Block versus Femoral Nerve Block for Total Knee Arthroplasty: A Prospective, Randomized, Controlled Trial. Anesthesiology. 2014;120(3):540-50.
Edwards, D. and Berry, J.J. (1987), "The Efficiency of Simulation-Based Multiple Comparisons," Biometrics, 43, 913 -928.

Abstract

0

0.5

1

1.5

2

2.5

ACB FNB Exparel
Only

Length of Hospital Stay in Days

Length of Hospital
Stay in Days

0

1

2

3

4

5

ACB FNB Exparel
Only

Average Analog Pain Scores

Average Analog
Pain Scores


