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The 3-in-1 (Group 1) and fascia iliaca compartment
(Group 2) blocks, two single-injection, anterior ap-
proach procedures used to simultaneously block the
femoral, obturator, and lateral femoral cutaneous (LFC)
nerves, were compared in 100 adults after lower limb
surgery. Pain control, sensory and motor blockades,
and radiographically visualized spread of local anes-
thetic solution were studied prospectively. Both ap-
proaches provided efficient pain control using 30 mL of
2% lidocaine with 1:200,000 epinephrine and 0.5% bu-
pivacaine and 5 mL of contrast media (iopamidol).
Complete lumbar plexus blockade was achieved in 18
(38%) Group 1 and 17 (34%) Group 2 patients (n = 50
patients per group). Sensory block of the femoral, obtu-
rator, genitofemoral, and LFC nerves was obtained in
90% and 88%, 52% and 38%, 38% and 34%, and 62% and
90% of the patients in Groups 1 and 2, respectively (P <
0.05). Sensory LFC blockade was obtained more rapidly
for the patients in Group 2 (P < 0.05). Concurrent inter-
nal and external spread of the local anesthetic solution
under the fascia iliaca and between the iliacus
and psoas muscles was noted in 62 of the 92 block

procedures analyzed radiographically. Isolated exter-
nal spreads under the fascia iliaca and over the iliacus
muscle were noted in 10% and 36% of the patients in
Groups 1and 2, respectively (P < 0.05). The local anes-
thetic solution reached the lumbar plexus in only five
radiographs. We conclude that the fascia iliaca com-
partment block is more effective than the 3-in-1 block in
producing simultaneous blockade of the LFC and fem-
oral nerves in adults. After both procedures, blockade
was obtained primarily by the spread of local anesthetic
under the fascia iliaca and only rarely by contact with
the lumbar plexus. Implications: In adults, the two an-
terior approaches, 3-in-1 and fascia iliaca compartment
blocks, provide effective postoperative analgesia. The
fascia iliaca compartment technique provides faster
and more consistent simultaneous blockade of the lat-
eral femoral cutaneous and femoral nerves. Sensory
block is caused by the spread of local anesthetic solu-
tion under the fasciailiaca and only rarely to the lumbar
plexus.
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lumbar plexus block provides high-quality an-
algesia (1-3). It is superior to that obtained from
the systemic administration of morphine (4,5) and has
fewer side effects than epidural anesthesia (6).
Although various approaches to the lumbar plexus
have been studied, Winnie (7) described a multiple
nerve block of the lumbar plexus nerve supplying the
thigh that could be obtained with a single injection of
20 mL or more of local anesthetic. While reducing the
number of peripheral blocks required to provide ade-
quate anesthesia, this 3-in-1 technique was shown to
be inconsistent in producing blockade of both the

After hip, femoral shaft, and knee surgery, the
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lateral femoral cutaneous (LEC) nerve of the thigh and
the obturator nerve (8-10). Neither the use of neuro-
stimulators (8) nor increasing the administered doses
of local anesthetic (9) improved the global success rate
of the 3-in-1 block.

The report of a fortuitous 3-in-1 blockade resulting
from a LFC nerve of the thigh block (11), and the
consideration of the anatomical configuration of the
fascia iliaca covering the femoral nerve and its
branches (7,12) led to the identification of the fascia
iliaca compartment. Dalens et al. (10) developed a new
procedure, the fascia iliaca compartment block, and
compared it with the classical 3-in-1 block in a study
including 120 children. The new technique was re-
ported to provide a higher success rate, with blockade
of the three main lumbar plexus nerves supplying the
thigh in more than 90% of procedures. Furthermore,
neither expensive equipment (i.e., neurostimulators)
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nor specific skills was required to perform the tech-
nique, as the injection site was distant from the fem-
oral neurovascular elements.

To our knowledge, no prospective study concerning
the use of this block on adults has yet been reported,
and extrapolating the results derived from children is
difficult because there are developmental differences
(e.g., disjunction of the fasciae, nerve sensitivity to
local anesthetics). The present study was designed to
prospectively compare the fascia iliaca compartment
and 3-in-1 blocks performed on adults after hip, fem-
oral shaft, or knee surgery. We studied the anesthetic
efficacy and the correlation between the radiographic
spread of local anesthetic and the clinical distribution
of anesthesia.

Methods

One hundred ASA physical status I and II adults were
included in this study once institutional approval and
written, informed patient consent were obtained. The
patients, all scheduled to undergo either hip, femoral
shaft, or knee surgery, were randomly assigned to two
groups. The postoperative pain management pro-
grams included a 3-in-1 block for the patients in
Group 1 and a fascia iliaca compartment block for
those in Group 2. Each group included 50 patients. All
of the patients were orally premedicated using
0.05 mg/kg midazolam. General anesthesia was in-
duced IV using 4 mg/kg thiopental and 3 ug/kg
fentanyl, and orotracheal intubation was facilitated
using 0.3 mg/kg atracurium. General anesthesia was
maintained using isoflurane 0.8%-1.5% in 50% O,/
50% N,O and a continuous infusion of fentanyl
(0.05 ug - kg‘1 - min %), which was stopped 30 min
before the end of the surgical procedures. Once the
patients were awakened and their tracheas were extu-
bated, the lumbar plexus blocks were performed by
one of three anesthesiologists experienced in lower
extremity regional anesthetic techniques.

The 3-in-1 blocks were performed using electrical
stimulation (Digistim®; Organon Technica, Durham,
NC) via a 50-mm insulated needle (22-gauge Stimu-
plex®; Braun, Melsungen, Germany) for precise nerve
location. With patients in a supine position, the punc-
ture site was located 1 cm below the inguinal ligament
and 0.5 cm lateral to the femoral artery. After local
disinfection, the block needle was inserted and ad-
vanced cephalad in a sagittal plane at a 30° angle to
the skin. The local anesthetic solution was injected
over a 2-min period during which quadriceps femoris
muscle twitches were elicited (i.e., cephalad knee cap
movement) for 0.5-mA impulses delivered at a fre-
quency of 1 Hz. During injection, firm pressure was
applied manually just distally to the puncture site, to
encourage the cephalad distribution of the anesthetic.
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The fascia iliaca compartment block was also per-
formed while patients were in the supine position. A
projection of the inguinal ligament was drawn on the
skin and trisected. The puncture site was marked 1 cm
caudal to the point at which the lateral met the middle
third of the inguinal ligament line. After disinfection,
the block needle (18-gauge Tuohy; Perican®; Braun)
was inserted and advanced at a 75° angle to the skin.
The first loss of resistance was felt as the needle’s tip
crossed the fascia lata. The needle was advanced fur-
ther at the same angle until the second loss of resis-
tance was felt as the fascia iliaca was pierced. The
angle to the skin was then decreased to 30°, and the
needle was advanced 1 cm cephalad. The local anes-
thetic solution was injected over a 2-min period with
firm pressure applied manually just distal to the punc-
ture site. If there was swelling in the groin after injec-
tion, the region was massaged. Both of these manip-
ulations were performed to encourage the cephalad
distribution of the injected solution.

The local anesthetic solution used for all patients in
this study was an equal volume mixture of 2% lido-
caine with 1:200,000 adrenaline and 0.5% bupivacaine.
The components were chosen to provide a short onset
of action and a duration of action equal to that of
bupivacaine alone. Each patient was injected with
30 mL of the anesthetic solution, to which 5 mL of
contrast media (Iopamidol 300; Shering Pharmaceuti-
cal, Lys-Lez-Lannoy, France) was added. A frontal
radiograph of the pelvic region was taken 20-30 min
after each injection. The arterial blood pressure was
evaluated noninvasively at regular intervals, and elec-
trocardiographic tracings, respiratory rate, pulse
oximetry, and end-tidal CO, were monitored contin-
uously during all procedures.

Sensory blockade was evaluated using cold (ether
on a cotton compress) and pain (pinprick) perception
tests at 10-min intervals throughout the 30-min period
after injection (T + 10 min, T + 20 min, T + 30 min).
Testing was performed on the sensory innervation
territories of the LFC, femoral, genitofemoral, and ob-
turator nerves. Motor blockade was evaluated at T +
30 min by testing knee extension (i.e., femoral nerve)
and thigh adduction (i.e., obturator nerve). The results
of these sensory and motor tests were reported as
either yes (presence of a total sensory and/or motor
blockade) or no (partial or absent sensory and/or
motor blockade) of a given nerve territory. At T +
30 min, the blockade was considered complete when
anesthesia spread concomitantly to the LFC, femoral,
and obturator nerves; incomplete if the spread was not
concomitant to all three nerves; and absent if none of
the three nerves was anesthetized. All adverse effects
were noted.

Propacetamol (2 g three times daily) was systemat-
ically administered IV to all patients on arrival in the
postanesthesia care unit. Patients scored their pain at
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T + 30 min using both a simple verbal scale (0 = no
pain, 1 = slight pain, 2 = strong but tolerable pain, 3 =
intolerable pain) and a visual analog scale (VAS) rang-
ing from 0 mm (no pain) to 100 mm (worst possible
pain). The time to onset of pain was measured as the
time between injection and the reappearance of pain.

The radiographs of the pelvic region were inter-
preted by two blind physicians, one of whom is a
radiologist. The image obtained from the spread of the
contrast media-local anesthetic solution mixture was
classified into three zones (Figure 1): Zone A = under
the psoas muscle fascia, internal spread; Zone B =
under the iliacus muscle fascia, external spread; Zone
C = to the roots of the lumbar plexus, from the second
to the fourth lumbar vertebrae inclusively.

Statistical comparisons were performed using the
Kruskal-Wallis test for nonparametric data, and the x*
test for qualitative parameters. The evolution of the
different nerves” sensory blockades over the three test
times in the two groups were compared using
repeated-measure analysis of variance. Results are ex-
pressed as median (range). Differences were consid-
ered statistically significant at P < 0.05.

Results

One hundred patients, 59 male and 41 female, were
included in this study. No differences between

Figure 1. The zones reached by the spread of local anesthetic under
the fascia iliaca. A, Internal spread under the psoas muscle fascia. B,
External spread under the iliacus muscle fascia. C, Spread to the
roots of the lumbar plexus. 1 = lateral femoral cutaneous nerve, 2 =
femoral nerve, 3 = obturator nerve.
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Groups 1 and 2 were noted concerning age (42 = 7 and
44 * 5 yr), weight (73 [47-110] kg and 73 [50-120] kg)
and height (172 [157-187] cm and 173 [152-185] cm),
or type of surgery (Table 1).

The evaluations of pain, using both scales, were
comparable in the two groups. The median values of
the VAS scores 30 min after injection were 18 (0-40) in
Group 1 and 15 (0-45) in Group 2. In Group 1, 12
patients scored their pain at 0 on the simple verbal
scale, 28 scored it at 1, and 7 scored it at 2. In Group 2,
15 patients scored their pain at 0 on the simple verbal
scale, 30 scored it at 1, and 5 scored it at 2. No patient
in the study scored their pain at 3 on the simple verbal
scale. Four patients in Group 2 scored their pain at 45
on the VAS. Two of these patients had no blockade
(failure), and the other two had incomplete blockade
limited to only the LFC nerve. The median duration
of sensory blockade was comparable in Groups 1 and
2: 277 (140-1140) min and 322 (150-1290) min,
respectively.

The number of femoral, genitofemoral, and obtura-
tor nerve blockades noted at 10-min intervals during
the 30 min after each injection showed no significant
intergroup differences (Table 2). The sensory block-
ades of the genitofemoral and obturator nerves ap-
peared gradually in both groups, whereas those of the
femoral nerve appeared rapidly. In contrast, statisti-
cally significant intergroup differences were noted
concerning the sensory blockades of the LFC. A more
rapid onset and more consistent presence of blockade
at T + 30 min was observed for the Group 2 patients.
The sensory and motor blockade evaluations at T +
30 min are reported in Table 3. Two sensory blockades
were limited to only the LFC in Group 2, and two were
limited to only the femoral nerve in Group 1. There
were no intergroup differences in the number of mo-
tor blockades concerning the femoral nerve and the
obturator nerve. However, when comparing motor
and sensory blockades for a given nerve, significant
differences were noted concerning the obturator nerve
in both patient groups. The number and proportion of
complete blockades was comparable in Groups 1 and
2: 18 (36%) and 17 (34%), respectively. There were
no complications or neurological sequelae in either

group.

Table 1. Surgical Indications in Two Patient Groups
Anesthetized Using Either 3-in-1 (Group 1) or Fascia Iliaca
Compartment Blocks (Group 2)

Group 1  Group 2
Total hip replacement 4 1
Femoral osteotomy 16 17
Fracture of the femur 1 1
Knee arthroscopy 10 11
Knee ligament reconstruction 8 7
Fracture of the patella 6 7
Total knee replacement 5 4
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Table 2. Sensory Blockades of the Femoral (F), Lateral Femoral Cutaneous (LFC), Obturator (OBT), and
Genitofemoral (GF) Nerves
F LEC OBT GF
Time after injection (min) 10 20 30 10 20 30 10 20 30 10 20 30
Group 1 35 39 45 13 24 31t 13 22 26t 9 15 19+
Group 2 39 43 44 32* 44* 45* 7 12 19t 6 9 17+

Group 1 patients underwent a 3-in-1 block (n = 50).
Group 2 patients underwent a fascia iliaca compartment block (n = 50).
* P < 0.05 time comparison between groups.

1P < 0.05 sensory blockade comparison of each nerve among the three times in both groups.

Table 3. Total Motor and Sensory Blockades 30 Minutes After 3-in-1 (Group 1) and Fascia Iliaca Compartment

(Group 2) Blocks

Sensory blockade Motor blockade
F LFC OBT GF F OBT
Group 1 45/50 31/50 26/50 19/50 38/50 16/50t
(90%) (62%) (52%) (38%) (76%) (32%)
Group 2 44/50 45/50% 19/50 17/50 40/50 10/50+
(88%) (90%) (38%) (34%) (80%) (20%)

F = femoral nerve, LFC = lateral femoral cutaneous nerve, OBT = obturator nerve, GF = genitofemoral nerve.

* P < 0.05 Group 1 versus Group 2.
t P < 0.05 motor versus sensory blockade for the same nerve.

The analysis of 92 radiographs, correlated with the
clinical blockade present at T + 30 min, led to the
classification of 62 radiographs as Zone A + B spreads
(Table 4). A significantly greater frequency of Zone B
spreads were noted in the Group 2 patients’ radio-
graphs (Table 4, Figure 2). Sensory blockade of the
obturator nerve was absent in all patients showing
only Zone B spreads (under the iliacus muscle fascia).
All of these patients (n = 21) presented a LFC nerve
sensory blockade, associated in 19 cases with femoral
nerve sensory blockade. Zone A + C (lumbar plexus)
(Table 4, Figure 2) spreads were noted in five patients,
four of whom were in Group 1. Complete sensory
blockade at T + 30 min was noted for all patients
presenting a Zone A + C spread.

Discussion

In this study, we demonstrated that the fascia iliaca
compartment block is more effective than the 3-in-1
block in producing simultaneous blockade of the LFC
and femoral nerves in adults. However, both tech-
niques provide sensory blockade of the three lumbar
plexus nerves that supply the thigh in only 35% of
procedures. The extended spread of the local anes-
thetic solution under the fascia iliaca was unpredict-
able (13), and a small number of radiographic images
showed lumbar plexus spread. These findings are in
accordance with the literature (8,9,14) and illustrate
the difficulties encountered in obtaining a complete
3-in-1 blockade via the anterior approaches in adults.

The fascia iliaca compartment block is easy to per-
form, requires no expensive equipment, and is ac-
cessed via a minimal risk approach. Although sensory
blockade of the femoral nerve is provided by both
block procedures equally, that of the LFC is obtained
both more rapidly and consistently with the fascia
iliaca compartment block. However, in contrast with
the findings of Dalens et al. (10), sensory blockade of
the three main lumbar plexus nerves supplying the
thigh was not usually achieved in our adult popula-
tion. This may be explained by the difficulty in extrap-
olating results from children to adults. Furthermore,
only total sensory blockades of a given nerve territory
were retained in our study.

In our study, the failure of a complete sensory
blockade of the three nerves depends essentially on
obturator nerve blockade. This finding, previously re-
ported in the literature (8,14,15), underlines the fact
that despite the fascia iliaca crossing required to ob-
tain a sensory blockade of the femoral nerve (12), the
spread of local anesthetic to the three principal nerves
is difficult to obtain and unpredictable (13). Although
the local anesthetic can travel sufficiently under the
fascia situated between the psoas and iliacus muscles
to block the femoral and LFC nerves, it does not
always migrate proximally in sufficient quantities to
block the obturator nerve (16). The genitofemoral and
obturator nerves lie on the internal edge of the psoas
muscle, in a different muscle plane than the femoral
and LFC nerves (17). The anesthetic solution reaches
these nerves after a greater delay, and with less con-
sistency. This is confirmed by the delayed sensory
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Table 4. Radiographic Correlations Between the Spread of Local Anesthetic Solution and the Sensory Blockade of the

Three Main Nerves Supplying the Thigh

Group 1 (n = 48)

Group 2 (n = 44)

n F LFC OBT n F LFC OBT
Zone A 4* 4 oot £ 0 0 0 0
Zone B 5 5 5 0 16* 14* 16* 0
Zones A + B 35 30 20 19 27 23 24 18
Zones A + C 4 4 4 4 1 1 1 1
Group 1 patients underwent a 3-in-1 block.
Group 2 patients underwent a fascia iliaca compartment block.
F = femoral nerve sensory blockade; LFC = lateral femoral cutaneous nerve sensory blockade; OBT = obturator nerve sensory blockade; Zone A = under

the psoas muscle fascia, internal spread; Zone B = under the iliacus muscle fascia, external spread; Zone C = to the roots of the lumbar plexus, from the second
to the fourth lumbar vertebrae inclusively.
* P < 0.05 Group 1 versus Group 2.

Figure 2. A, External spread of the local anesthetic solution under
the iliacus muscle fascia. Sensory blockade was noted in the lateral
femoral cutaneous (LFC) and femoral nerve territories. B, Spread of
the local anesthetic solution to the roots of the lumbar plexus via the
fascia iliaca compartment. Sensory blockade was noted in the LFC,
genitofemoral, obturator, and femoral nerve territories.

blockade of the genitofemoral and obturator nerves
seen in the two patient groups, compared with the
rapid onset of the femoral sensory blockade. This also
applies to the delayed onset of the LFC blockade seen
in Group 1. The insufficient concentrations of local
anesthetic reaching the obturator nerve might also
partially explain the differences noted in this study
between the sensory and motor blockades (16). Be-
cause the obturator is a mixed nerve, a given concen-
tration of anesthetic solution reaching the nerve might
have blocked sensory fibers while leaving most motor
fibers unaffected. Finally, the four fascia iliaca com-
partment blocks leading to two total sensory blockade
failures and two isolated LFC blockades illustrate that
although it is easy to perform, some experience is
required to fully master the technique.

The low VAS and simple verbal scale scores re-
corded for the patients of both study groups confirm
the analgesic value of blocking nerves that arise from
the lumbar plexus after surgery of the femoral shaft

and the knee (1-6). The adequate analgesic effect ob-
tained despite the low percentage of complete three
nerve blocks can be explained by the predominant
femoral nerve innervation of the femur and the knee.
Effective postoperative knee analgesia by means of a
femoral nerve block has been demonstrated previ-
ously (18). The highest VAS scores noted within our
patient population were associated with either com-
pletely failed blocks or isolated LFC blockades. The
duration of analgesia was shorter in our study com-
pared with that in the Dalens et al. (10) study. Using a
mixture of 1% lidocaine and 0.5% bupivacaine, both
with 1:200,000 adrenaline, Dalens et al. reported 6.2 *
1.4 hours of analgesia in their 3-in-1 group and 5.0 =
1.3 hours in their fascia iliaca compartment group.
Most surgical procedures performed in our patient
population were performed on the knee, in which
posterior innervation is assured by the sciatic nerve,
which is unaffected by anterior approach blocks. In
addition, some of our patients underwent continuous
passive motion of the operated limb during the post-
operative period. As reported in the literature, this
decreases the duration of analgesia of a 3-in-1 block-
ade (19).

The radiographic analysis of Jie local anesthetic-
contrast media solution’s spread demonstrates unpre-
dictable distribution. Only five patients showed lum-
bar plexus spread in our study. The lumbar plexus
spread of local anesthetic leads to a complete 3-in-1
blockade equivalent to that of a posterior approach
plexus block (8). Most of our procedures (62 of 92) led
to a mixed spread into Zones A and B. This preferen-
tial pattern corresponds with the fascia iliaca, covering
the iliacus and psoas muscles as well as the nerve
trunks. The local anesthetic passes under the fascia,
providing a multiple nerve trunk blockade, as re-
ported by Dalens et al. (10,16) and Spillane (20). The
quality of the sensory blockade depends on the exten-
sion of the local anesthetic spread under the fascia
(16). The absence of correlation between radiographs
demonstrating a Zone A spread and the clinically
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observed complete obturator nerve blockade is prob-
ably due to the radiological technique used. From its
position covering the iliacus muscle, the fascia iliaca
passes posterior to the psoas muscle before returning
to envelop the muscle around its posterior, lateral, and
then anterior aspect, where it envelops the obturator
nerve. A Zone A image observed on a frontal radio-
graph cannot be used to distinguish the spread of local
anesthetic limited to only the posterior aspect of psoas
muscle from the spread that encircles the muscle,
reaching the obturator nerve. The difference noted in
Group 1 between the zone of diffusion and the LFC
sensory blockade is probably the result of only com-
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ade for postoperative pain relief after total knee replacement.
Anesth Analg 1992;75:265-7.

. Matheny JM, Hanks GA, Rung GW, et al. Comparison of

patient-controlled analgesia and continuous lumbar plexus
block after anterior cruciate ligament reconstruction. Arthros-
copy 1993;9:87-90.

. Serpell MG, Millar FA, Thomson MF. Comparison of lumbar

plexus block versus conventional opioid analgesia after total
knee replacement. Anaesthesia 1991;46:275-7.

. Schultz P, Anker-Moller E, Dahl JB, et al. Postoperative pain

treatment after open knee surgery: continuous lumbar plexus
block with bupivacaine versus epidural morphine. Reg Anesth
1991;16:34-7.

. Winnie AP. The 3-in-1 block: is it really 4-in-1 or 2-in-1? Reg

Anesth 1992;17:176-9.

. Parkinson SK, Mueller JB, Little WL, et al. Extent of blockade

the LFC. In contrast to the 3-in-1 block, the fascia iliaca
compartment block involves a shorter subfascial dis-
tance, which allows more local anesthetic to reach the
nerve. Finally, isolated iliacus spreads were noted
preferentially in Group 2. The resulting external anes-
thetic spreads did not reach the obturator nerve,
thereby confirming previously published results (13).
In conclusion, both the fascia iliaca compartment
and 3-in-1 blocks provide effective postoperative an-
algesia in adults. The fascia iliaca compartment tech-
nique provides faster and more consistent sensory
blockade of the LFC nerve. The sensory blockade ob-
tained using both of the anterior approaches is pri-
marily due to the spread of local anesthetic under the
fascia iliaca, and only rarely to the lumbar plexus.
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