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Usefulness of Ultrasound-Guided Lower Extremity
Nerve Blockade in Surgery for Patellar Fracture
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11-Young Park, MD

Department of Orthopaedic Surgery, Chungnam National University Hospital, Daejeon, Korea

Purpose: To evaluate the usefulness of ultrasound-guided nerve blockade in patellar fracture surgery.

Materials and Methods: Twenty-three patients who underwent metal fixation under ultrasound-guided lower extremity blockade after diagnosis of
patellar fracture from July 2011 to June 2012 were enrolled in this study. Under ultrasound guidance, femoral nerve, lateral femoral cutaneous nerve,
obturator nerve, and sciatic nerve blockades were performed. For evaluation of anesthesia, interference with overall surgery, such as intraoperative
knee pain and tourniquet pain, was checked. Individual anesthetic complications, satisfaction with nerve blocks, and choice of future anesthesia
method were investigated.

Results: Nineteen patients underwent surgery without any pain and 4 patients with mild pain. Satisfaction was excellent in 17 patients, good in 5, and
unsatisfactory in 1. No complications such as infection or nerve injury occurred. In terms of selection of future anesthesia, 22 patients chose a nerve
blockade of the lower extremity under ultrasound guidance, and one chose general anesthesia.

Conclusions: Overall, ultrasound-guided nerve block of the lower extremity for patellar fracture surgery showed satisfactory results. Therefore, it

could be a useful method to prevent complications associated with general or spinal anesthesia.
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Introduction

In orthopedic surgery, various anesthetic methods such as
general, regional (epidural, spinal, intravenous, and peripheral
nerve blocks) and local anesthesia are applied'”. However, it has
been reported that general or spinal anesthesia in lower extremity
operation among advanced age patients lead to mortality in 15
of 10,000 patients and there is a possibility of various complica-
tions, such as postoperative pain, respiratory problems, headache,
hypotension, and urinary retention”. On the contrary, peripheral
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nerve block has been associated with much less complications.
It is also an efficacious way for postoperative pain control and
requires no fasting. Therefore, nerve block has acquired a larger
role in orthopedic surgery””.

Many studies reported on the lower-extremity nerve block
using evoked paresthesia nerve block, neurostimulator-guided
nerve block, ultrasound-guided nerve block, etc”®. However,
most of these studies concern regional anesthesia during foot or
ankle surgery. Shaw et al.” reported on anterior cruciate ligament
reconstruction using the hamstring tendon under regional anes-
thesia, but femorosciatic nerve block and spinal anesthesia were
also performed. Many studies have been published regarding the
usefulness of nerve block in knee surgery, but postoperative pain
management was a matter of concern''”. Since knee has a much
more complicated nerve distribution compared with calf or
ankle, nerve block anesthesia has been rarely attempted to avoid
nerve injury. The incidence of major complications resulting in
permanent nerve damage has been reported as 1.5 in 10,000".

However, we hypothesized that if the nerves distributed in the
knee could be precisely blocked under the ultrasound guidance,
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anesthesia for surgery could be achieved. Thus, we performed
patellar fracture surgery (a common knee region surgery) after
nerve block using ultrasound guidance and analyzed the results
to investigate the safety and usefulness of ultrasound-guided
nerve block.

Materials and Methods

1. Study Subjects

We included 23 patients who chose nerve block as an anesthetic
method over general and spinal anesthesia among patients sched-
uled for surgery under the diagnosis of patellar fracture from July
2011 to June 2012. This study was conducted with approval of
our hospital’s Institutional Review Board (IRB number: 2014-11-
010). We received informed consent on the anesthesia method
from all patients. Exclusion criteria were 1) fractures in areas be-
sides the patella; 2) perineural hematoma that was confirmed be-
fore anesthesia to have been caused by an underlying disease (id-
iopathic thrombocytopenic purpura, chronic liver disease, etc.)
or drugs (aspirin, clopidogrel, warfarin, etc.); 3) a local infection
or abscess near the nerve blockade injection area; 4) a history of
psychological disease; 5) a history of excessive anxiety of injec-
tions; 6) a history of allergy to local anesthetic drugs; 7) patient
uncooperative with local anesthesia; and 8) patient’s refusal of the
nerve block method. The average age at the time of operation was
52.4 years (range, 18 to 85 years), and there were 15 males and
8 females. The trauma mechanisms were loss of footing in 11,
vehicle accidents in 10 (4 drivers and 6 pedestrians), and sports
injury in 2. Additional fractures in other areas were not observed

Fig. 1. Three-dimensional reconstructed computed tomography images
showing displaced transverse patellar fractures without other fractures
around the knee.
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in any of the patents. Nineteen patients had transverse fractures
and four had vertical fractures (Fig. 1). Twenty were closed frac-
tures and 3 were open fractures. There were three cases with each
of the 1, 2, and 3A fractures categorized according to the Gustilo
and Anderson classification. The operation involved tension-band
wiring with open reduction in 17 patients (Figs. 2 and 3), screw or
K-wire fixation with open reduction in 4, and screw fixation with
closed reduction in 2 (Table 1).

2. Research Methods
Under ultrasound guidance, the femoral nerve, lateral femoral

Fig. 3. Anteroposterior (left) and lateral (right) radiographs obtained
after open reduction and internal fixation with tension band wiring for
the patellar fracture. Postoperatively, a long leg cast was applied with the
knee in full extension. The patient was satisfied with the regional nerve
block and chose the same method as the anesthesia of choice for a future
surgery.
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Table 1. Patient Data

No. Age Sex Injur).l Fracture type Operation Procedure time 'for Pain-free .duration

(yr) (M/F) mechanism nerve block (min) (min)

1 85 M Slip down Closed CRIF ¢ screw 18 550
2 62 M Slip down Closed TBW 14 420
3 61 M Slip down Closed ORIF ¢ K-wire 15 550
4 18 M Passenger in TA  Open, grade 3A TBW 15 600
5 63 F Slip down Closed TBW 16 480
6 68 F Slip down Closed TBW 17 520
7 72 M Passenger in TA  Closed TBW 14 600
8 20 M Sports injury Closed ORIF ¢ screw 16 660
9 37 M Driver in TA Open, grade 2 CRIF ¢ screw 17 480
10 63 M Slip down Closed TBW 14 560
11 70 F Slip down Closed TBW 17 650
12 35 F Passenger in TA  Closed ORIF ¢ K-wire 16 450
13 40 M Slip down Closed TBW 17 650
14 52 F Passenger in TA  Closed TBW 15 410
15 65 M Slip down Open, grade 1 TBW 13 670
16 64 F Driver in TA Closed TBW 13 540
17 43 M Slip down Closed TBW 17 620
18 42 F Driver in TA Closed TBW 17 630
19 53 M Sports injury Closed TBW 14 490
20 58 M Passenger in TA  Closed TBW 14 600
21 29 M Driver in TA Closed TBW 13 470
22 46 F Slip down Closed ORIF ¢ K-wire 14 610
23 60 M Passenger in TA  Closed TBW 17 640
Mean 52.4 15.3 558.7

Open fractures were graded according to Gustilo and Anderson classification.

CRIEF: closed reduction & internal fixation, TBW: tension-band wiring, ORIF: open reduction & internal fixation, TA: traffic accident.

cutaneous nerve, obturator nerve, and sciatic nerve were blocked.
One orthopedic surgeon performed the nerve blocks in all pa-
tients using ACCUVIX V-20 ultrasound machine (Samsung
Medison Co., Seoul, Korea). All patellar fracture surgeries were
performed by a single surgeon with the patient placed in the su-
pine position and a tourniquet applied on the mid-thigh level.
The procedure time of nerve block, the interval from the point
of nerve block to the starting point of the operation, and the
pain-free duration were measured. To evaluate the success rate
of anesthesia, patients were asked to complete a questionnaire
with respect to the following items: 1) interference, such as pain
or discomfort of the operation site, during the overall operation:
absolutely no interference (excellent), mild interference without
disruption of the operation (good), moderate interference and
completion of operation within the patient’s tolerance (fair); se-

vere interference disrupting completion of the operation (poor);
2) intraoperative knee pain (none, mild, moderate, and severe);
and 3) pain induced by the tourniquet (none, mild, moderate,
and severe). The specific values of the pain or discomfort rated
according to the visual analog scale score were categorized as
none (0), mild (1-3), moderate (4-7), and severe (8-10). Ad-
ditionally, individual anesthetic complications and satisfaction
with nerve block (highly satisfactory, excellent; satisfactory, good;
moderate, fair; unsatisfactory, poor) were evaluated. The choice
of future anesthetic method was investigated on the assumption
that the same operation or a metal removal operation would be
performed in the future.

Intramuscular injection of pethidine HCI 25 mg was performed
immediately before entering the surgery room to provide intra-
operative analgesia. Midazolam 5 mg was prepared for patients



with anxiety or intense twilight anesthesia, which refers to a se-
dated state with only mild dosage of general anesthesia applied to
the patient. Due to the risk of toxicity or complications after in-
jection of midazolam, the antidote (flumazenil, 0.5 mg) was also
prepared™"?. Vital signs and oxygen saturation were checked
during the surgery.

In cases where completion of the operation appeared impos-
sible due to severe interference, additional local anesthetics were
injected into the same site if the pain was localized in the opera-
tion site. If the pain or discomfort was localized in the tourniquet
area, we reduced the tourniquet pressure gradually until the pain
was relieved. We had been planning to convert the anesthesia
method to general or spinal anesthesia if none was effective, but
there was no case that necessitated a conversion.

3. Ultrasound-Guided Nerve Block Technique and
Intraoperative Observation

A mixture of 1% lidocaine (30 mL) and 0.75% ropivacaine (20
mL) in a 1.5:1 ratio was loaded into a syringe and prepared by
connecting a 23 gauge (G) spinal needle with a venous catheter.
The patient was positioned in the supine position. For femoral
nerve block, after identification of the anatomical structure of the
femoral vein, femoral artery, and femoral nerve using ultrasound
at the femoral triangle in the distal part of the inguinal ligament,
an injection was performed using the prepared 23 G spinal
needle. Under ultrasound guidance, the analgesics were injected
when the tip of the needle was located around the epineurium.
For every 2 mL of insertion, blood regurgitation was checked
to prevent direct influx into blood vessels. On average, 12 to 25
mL of the solution was injected (Fig. 4A). For the lateral femoral
cutaneous nerve block, the ultrasound was used to probe down-
ward into the anterior superior iliac spine area and confirm the
location of the lateral femoral cutaneous nerve. Under ultrasound
guidance, after the 23 G spinal needle was inserted in a lateral to
medial direction, 7 to 8 mL of the solution was injected around
the nerve while checking for blood reflux with every 2 mL of
injection (Fig. 4B). For the obturator nerve block, after the leg
was abducted, the ultrasound was placed in the inferomedial in-
guinal crease. All branches of the obturator nerve were observed
between the adductor longus and adductor brevis after the obtu-
rator artery and veins were located by color Doppler due to the
difficulty of visualizing this small nerve. The posterior branch of
the obturator nerve was then located between the adductor bre-
vis and adductor magnus. The 23 G spinal needle was inserted
from lateral to medial, and 7 to 8 mL of the solution was injected
around the nerve, checking for blood reflux with every 2 mL of
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injection (Fig. 4C). For the sciatic nerve blockade, the patient’s
posture was adjusted, flexing the hip joint 30 to 45 degrees in
the supine position so that the ultrasound probe could approach
the posterior thigh. After verification of the anatomical locations
of the popliteal artery, popliteal vein, tibial nerve, and common
peroneal nerve in the popliteal area by ultrasound, the region in
which the tibial nerve and common peroneal nerve merge with
the sciatic nerve was confirmed while moving the ultrasound
probe to the proximal femoral region. Under ultrasound guid-
ance, the 23 G spinal needle was inserted from lateral to medial at
the posterior border of the iliotibial tract, and 12 to 25 mL of the
solution was injected while checking for blood reflux with every
2 mL of injection (Fig. 4D). It is important to inject the analgesics
with a “doughnut-ring” technique around the epineurium, check-
ing the tip of needle by ultrasound (Fig. 5). There is no specific
guideline for determining the proper injection dosage.

Results

The mean procedure time for the nerve block was 15.3 minutes
(range, 13 to 18 minutes). The mean interval between the ending
point of nerve block and starting point of the operation was 113.5
minutes (range, 15 to 276 minutes), and the mean pain-free dura-
tion time was 558.7 minutes (range, 410 to 670 minutes) (Table 1).
We proceeded with the operation after the injection of midazol-
am in one patient who had felt pain during the pain-sensation
test immediately before surgery and in another patient who had
wanted intense twilight anesthesia. There was no case of conver-
sion to general anesthesia or spinal anesthesia due to incomplete
anesthesia. Regarding the evaluation of the success of anesthesia,
interference with overall anesthesia was assessed as excellent in
19 patients (82.6%) and good in 4 patients (17.4%) (Table 2). In-
traoperative knee pain was provoked in two patients (8.7%): one
in the anterior part and the other in the lateral femoral condylar
area (Table 2). Tourniquet pain occurred in three patients: two
patients complained of mild pain but tolerated the tourniquet
pressure and the other complained of severe pain, which led to
removal of the tourniquet during the remainder of the surgery
(Table 2). There were no severe complications such as hypoten-
sion, supraventricular tachycardia, analgesic toxicity, hematoma,
or infection around the injection area. Nerve block satisfaction
was excellent in 17 patients (74%), good in five patients (21.7%),
and unsatisfactory in one patient (4.3%) (Table 2). Twenty-two
patients (93.8%) chose the lower-extremity nerve block under
ultrasound guidance and only one chose general anesthesia as
the preferred anesthetic method under the assumption that they
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Fig. 4. Photographs and ultrasound images
of the nerve block procedure. (A) Femoral
nerve. (B) Lateral femoral cutaneous nerve.
(C) Obturator nerve. (D) Sciatic nerve.
ASIS: anterior superior iliac spine, a.: artery,
v.: vein; Inf.: inferior.

Fig. 5. (A) Ultrasound image showing the
left sciatic nerve at the mid-thigh level
proximal to the popliteal fossa. (B) Ultra-
3 . sound image showing the anesthetic sur-
SeplonyYS 5 izt qegeEP. rounds the left sciatic nerve after injection
3 | (doughnut ring sign).




would undergo the same operation or a metal removal operation
in the future (Table 3). The patient who chose general anesthesia
was the patient who had felt mild pain in the anterior part of the
knee joint during surgery and had reported severe tourniquet
pain so that the surgery had been continued after decreasing the
tourniquet pressure (Table 3). Perioperative vital signs and oxy-
gen saturation showed no abnormality.

Table 2. Satisfaction with Nerve Block

Degree No. (%)
Excellent 17 (74.0)
Good 5(21.7)
Fair 0(0)
Poor 1(4.3)

Table 3. Patient Clinical Data
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Discussion

The knee joint has a much more complicated nerve distribu-
tion than does the foot and ankle joint. The major four nerves of
the knee joint are the femoral nerve, sciatic nerve, lateral femoral
cutaneous nerve and obturator nerve. The femoral nerve from
L2-4 gives off the anterior cutaneous branch, the articular branch
to the knee, and the saphenous nerve. The anterior cutaneous
branch that comprises the intermediate cutaneous branch and
the medial cutaneous branch innervates the sensory function of
the anterior and lateral thigh. The articular branch to the knee
innervates the anterior knee joint, medial articular capsule, and
sensory function of the synovium. The saphenous nerve, which
is the largest and longest among the three branches, gives off
the infrapatellar branch and dominates the pain sensation of the
patella and knee joint. The sciatic nerve, which originates from
L4-5 and S1-3, divides into the tibial nerve and the common

No. Age Sex .Interferer-lce Intraoperative pain Tourn-iquet Satisfaction Patient’s choice .
(yr) (M/F) in operation pain for future anesthesia
1 85 M Excellent =) -) Excellent NB
2 62 M Excellent =) ) Excellent NB
3 61 M Good Mild (LFC area) (@) Good NB
4 18 M Excellent =) (@) Good NB
5 63 F Excellent ) ) Excellent NB
6 68 F Excellent ) ) Good NB
7 72 M Excellent ) =) Excellent NB
8 20 M Excellent =) -) Good NB
9 37 M Excellent =) =) Excellent NB
10 63 M Excellent =) (@) Excellent NB
11 70 F Good Mild (anterior-surface) Severe Poor General
12 35 F Excellent =) (@) Excellent NB
13 40 M Excellent ) ) Excellent NB
14 52 F Excellent ) ) Excellent NB
15 65 M Excellent =) Mild Excellent NB
16 64 F Excellent =) -) Excellent NB
17 43 M Excellent =) =) Excellent NB
18 42 F Excellent =) (@) Excellent NB
19 53 M Excellent =) Mild Excellent NB
20 58 M Excellent =) (@) Excellent NB
21 29 M Excellent ) ) Excellent NB
22 46 F Good ) ) Good NB
23 60 M Good (@) =) Excellent NB

NB: nerve block, LFC: lateral femoral condyle.
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peroneal nerve. The tibial nerve gives off branches to the medial
sural cutaneous nerve and an articular branch to the knee, which
innervates the sensory function of the posteromedial calf and the
anterior articular capsule. The lateral femoral cutaneous nerve
originates from L2-3 and divides into the anterior and poste-
rior branches functioning in proprioception of the anterolateral
thigh and sensation of the posterolateral thigh. The obturator
nerve originates from L2-4 and penetrates the obturator fora-
men, then divides into the anterior and posterior branches. The
anterior branch of the obturator nerve, which becomes the cu-
taneous branch, innervates the inferomedial thigh, and the pos-
terior branch, which becomes the articular branch to the knee,
innervates the sensory function of the articular capsule. The
abovementioned four nerves (femoral nerve, sciatic nerve, lateral
femoral cutaneous nerve, and obturator nerve) are closely related
to pain in the knee joint'”"*”.

Theoretically, considering the distribution of the major four
nerves mentioned above, a precise nerve block of them would
allow anesthesia for surgery around the knee. Winnie et al.””’ em-
phasized the “3-in-1 block” in which it is possible to anesthetize
the femoral nerve, obturator nerve, and lateral femoral cutaneous
nerve because the fascial sheath envelopes the femoral nerve far-
ther from the lumbar plexus. However, in reality, total blockage of
the knee was possible in as low as 38% to 56% of the cases™ . In
Ritter’s cadaver research, injected methylene blue did not reach
the lumbar plexus or the obturator nerve, but some of it reached
the lateral femoral cutaneous nerve™. Considering these results,
we assumed that an additional anesthesia of the obturator nerve
is necessary for regional block of the medial knee joint. The four-
nerve block technique allowed us to successfully perform the
surgery for patellar fracture.

In older patients with medical problems such as diabetes or
cardiovascular disease, the mortality associated with general
anesthesia or spinal block for surgery of the lower extremity is
reported as 15 in 10,000”. Complications of general anesthesia
include postoperative pain, nausea, vomiting, and respiratory
problems, and those associated with spinal block include head-
ache, hypotension, decreased bowel movements, urinary reten-
tion, and back pain***”. In contrast, our nerve block technique
was associated with fewer complications and effective postopera-
tive pain control considering the average pain-free duration of
558.7 minutes (range, 410 to 670 minutes). General anesthesia
also requires at least 8 hours of nil per os time for surgery, which
the nerve block technique does not require. Since orthopedic
surgeons are familiar with neurovascular anatomy, it can be eas-
ily performed by themselves. Fortunately, our patients have not

experienced any weakness of the muscles after the nerve block.
So, we think ultrasound-guided nerve block is safe especially for
older patients and the risk of general and spinal anesthesia can be
avoided.

In reality, nonetheless, nerve block is not commonly used be-
cause of the risk of conversion to general anesthesia or spinal
block in cases of inaccurate block. However, ultrasound has im-
proved the success of anesthesia by allowing for more accurate in-
jection around nerves, a lower dose of anesthetic drugs, and less

"9 Thus, we believe this problem associated with

nerve damage
nerve block can be resolved by ultrasound guidance. The clinical
data of our study showed nearly no disruption of the surgery, as
indicated by the findings of absolutely no interference (excellent)
in 19 patients (82.6%) and mild interference without disruption
of the operation (good) in 4 patients (17.4%), no intraoperative
pain in 21 patients (91.3%), and continuance of the operation
without tourniquet pain in 20 patients (87%). Moreover, 22
patients (95.7%) reported their anesthetic satisfaction level was
above good and chose an ultrasound-guided nerve block as the
preferred future anesthetic method.

Regarding the one case that suffered from severe pain, we at-
tributed it to the patients high sensitivity to pain. The pain was
mainly located at the tourniquet site and was relieved when the
pressure of the tourniquet was decreased.

The strength of this study is that both the ultrasound-guided
lower extremity nerve block and the patellar surgery were per-
formed by the same orthopedic surgeon, which has merit in
terms of cost-effectiveness. Additionally, the lower extremity
nerve block, which was previously restricted to foot and ankle
surgery, was also shown to be effective in patellar surgery.

The weakness of this study is the inability to generalize the re-
sults; the small study population size may be the reason why no
complication was observed in association with the ultrasound-
guided lower extremity nerve blockade. In addition, this was
not a comparative study involving other anesthetic techniques.
Therefore, comparative studies involving a larger number of
patients with consideration of these limitations should be per-
formed.

Conclusions

In this study, ultrasound-guided lower extremity nerve block
performed for patellar fracture surgery appeared to be an effec-
tive anesthetic method. Considering that even inexperienced
ultrasound users can become familiar with ultrasound-guided
nerve block within 5 subsequent trials”, we think that the nerve



block technique can be a useful alternative to general or spinal

anesthetic methods to avoid associated problems and complica-

tions.
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