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In this study, we assessed the influence of three analge-
sic techniques on postoperative knee rehabilitation af-
ter total knee arthroplasty (TKA). Forty-five patients
scheduled for elective TKA under general anesthesia
were randomly divided into three groups. Postopera-
tive analgesia was provided with IV patient-controlled
analgesia (PCA) with morphine in Group A, continu-
ous 3-in-1 block in Group B, and epidural analgesia in
Group C. Immediately after surgery, the three groups
started identical physical therapy regimens. Pain
scores, supplemental analgesia, side effects, degree of
maximal knee flexion, day of first walk, and duration of
hospital stay were recorded. Patients in Groups Band C
reported significantly lower pain scores than those in
Group A. Supplemental analgesia was comparable in
the three groups. Compared with Groups A and C, a
significantly lower incidence of side effects was noted

in Group B. Significantly better knee flexion (until 6 wk
after surgery), faster ambulation, and shorter hospital
stay were noted in Groups B and C. However, these
benefits did not affect outcome at 3 mo. We conclude
that, after TKA, continuous 3-in-1 block and epidural
analgesia provide better pain relief and faster knee re-
habilitation than IV PCA with morphine. Because it in-
duces fewer side effects, continuous 3-in-1 block should
be considered the technique of choice. Implications: In
this study, we determined that, after total knee arthro-
plasty, loco-regional analgesic techniques (epidural an-
algesia or continuous 3-in-1 block) provide better pain
relief and faster postoperative knee rehabilitation than
IV patient-controlled analgesia with morphine. Be-
cause it causes fewer side effects than epidural analge-
sia, continuous 3-in-1 block is the technique of choice.
(Anesth Analg 1998;87:88-92)

(TKA) is a major concern. It is severe in 60% of
patients and moderate in 30% (1), and it hinders
early intense physical therapy, the most influential
factor for good postoperative knee rehabilitation (2,3).
After TKA, postoperative pain relief can be
achieved by a variety of techniques, such as IV
patient-controlled analgesia (PCA) (4), epidural anal-
gesia with narcotics and/or local anesthetics (5,6), and
lumbar plexus blockade (7,8). Few studies compare
the analgesic efficacy of these techniques and their
influence on postoperative knee mobilization.

Postoperative pain after total knee arthroplasty
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The aim of the present study was to compare IV
PCA with morphine with continuous epidural analge-
sia and continuous 3-in-1 block in terms of analgesic
efficacy and postoperative knee rehabilitation after
unilateral TKA.

Methods

After informed consent and with institutional ap-
proval, 45 ASA physical status II or IIl patients sched-
uled for elective unilateral TKA under general anes-
thesia (GA) were included in this study. Patients were
excluded if they met any of the following criteria:
contraindications to regional anesthetic technique
(e.g., local infection, sepsis, coagulation abnormality),
age <(18 or >80 yr, weight <50 or >100 kg, allergy to
local anesthetic and/or opioid, preexisting neurologi-
cal deficit, diabetes, or inability to comprehend pain
scales or to use a PCA device.
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Patients were divided into three groups of 15 in a
randomized fashion using a computer-generated list
of random permutations. During the first 48 h post-
operatively, analgesia was provided on the ward by
using IV PCA with morphine (concentration 2 mg/
mL, dose 1.5 mg, lockout 8 min) in Group A, contin-
uous 3-in-1 block in Group B, and continuous epidural
analgesia in Group C.

In Group B, continuous 3-in-1 block was performed
before inducing GA, following the guidelines of
Winnie et al. (9). The femoral artery was located below
the inguinal ligament, and an 18-gauge, short-beveled
cannula (Alphaplex® set; Sterimed, Saarbrucken, Ger-
many) was inserted just lateral to the artery. The fem-
oral nerve was accurately located with a peripheral
nerve stimulator (Anaestim; MK III, Meda, Belgium).
Using a Seldinger technique, a 20-gauge catheter was
threaded 10-15 c¢m into the psoas compartment. After
a negative aspiration test for blood and cerebrospinal
fluid (10), 37 mL of 0.25% bupivacaine with epineph-
rine 1:200000 was injected, followed by a continu-
ous infusion of 0.125% bupivacaine with sufentanil
0.1 ug/mL and clonidine 1 wg/mL at the rate of
10 mL/h. To verify the correct position of the catheter,
the cutaneous sensibility in the area of the femoral
nerve was assessed by using a cold test before the
induction of GA.

In Group C, epidural analgesia was performed be-
fore inducing GA, at L2-3 or L3-4 level. A 18-gauge
catheter (Minipack Portex®; Portex Ltd, Hythe, UK)
was threaded 4-5 cm into the epidural space. After a
negative test dose of 3 mL of 0.25% bupivacaine with
epinephrine 1:200000, 10 mL of the same solution and
10 pg of sufentanil were injected, followed by the
same continuous infusion as in Group B. The extent of
upper sensory blockade was assessed by cold testing
before inducing GA.

In all groups, GA was induced with 0.3 ug/kg
sufentanil, 3-5 mg/kg thiopentone, and 0.5 mg/kg
atracrium. The trachea was intubated, and controlled
ventilation was started. Anesthesia was maintained
with sufentanil infused at a rate of 0.0025 (Groups B
and C) or 0.005 (Group A) pg - kg™ - min~' (stopped
45 min before the end of the procedure) and a mixture
of nitrous oxide (66%) and isoflurane (0.2%-1%) in
oxygen.

The intensity of pain at rest and on movement
was assessed by the patients using a visual analog
scale (0 = no pain, 10 = worst possible pain) 4, 24, and
48 h after the operation. A postoperative pain score
(PPS) (0 = no pain; 1 = moderate pain only when
moving; 2 = moderate pain at rest, severe pain when
moving;3 = constant severe pain) was also recorded
by nurses 4, 8, 12, 24, 36, and 48 h postoperatively.
Supplemental postoperative analgesia was standard-
ized. If the PPS was =1, 1 g of propacetamol (Pro-
dafalgan®; Upsamedica s.a, Brussels, Belgium) was
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administered IV, followed by 10-20 mg of IM piritra-
mide (DIPI), a synthetic u-agonist opioid (Dipidolor®;
Janssen Pharmaceutica, Beerse, Belgium) if PPS re-
mained unchanged after 30 min in Groups B and C.
Pain scores, supplemental analgesia, and side effects
were recorded for each group.

Immediately after surgery, all three groups started
identical physical therapy regimens. During the first
48-72 h postoperatively, a continuous passive motion
machine was applied, with the range of motion set at
levels tolerated well by the patient. From the day after
surgery until discharge, the patients performed active
and assisted knee and hip flexion and extension exer-
cises against gravity twice daily. Getting up from bed
was encouraged as soon as possible, followed by am-
bulation with a walker.

The degree of knee flexion tolerated by each patient
was recorded by the physical therapist twice a day
until discharge. The day of first ambulation, the num-
ber of postoperative days required to obtain 90° of
knee flexion, the need for knee manipulation under
GA, and the duration of hospital stay were recorded
for each group.

The surgeons reviewed the patients 6 wk and 3 mo
after the procedure, and assessed knee flexion by
goniometry.

Data from the three groups were compared by using
analysis of variance and the least significant difference
test or by using x* analysis when appropriate. Results
are expressed as mean * sp. A P value <0.05 was
considered significant.

Results

Population data (age, weight, height, gender ratio)
were comparable in all groups.

In Group B, a block of the femoral nerve was ob-
tained in all patients. In Group C, upper sensory level
(before the induction of GA) was higher than T12
bilaterally in all patients.

The VAS score at rest and on movement and the
PPS 4, 24, and 48 h are presented in Table 1. Compared
with Group A, all pain scores were significantly lower
in Groups B and C. Compared with Group B, signifi-
cantly better scores were noted in Group C, but only in
the immediate postoperative period (4 h).

In Group A, the total consumption of morphine
during the first 48 h postoperatively was 67 * 26 mg
(45 = 13 mg on Day 1; 22 * 15 mg on Day 2). Sup-
plemental analgesia was comparable in the three
groups (propacetamol 1.8 = 1.5vs 1.7 = 1.1 vs 1.1 *
1.5g/48h (P =0.37)and DIPI0Ovs 1.9 + 41vs23 *
6.2 mg/48 h (P = 0.29), for Group A versus Group B
versus Group C).

Side effects are presented in Table 2. Compared
with Group B, urinary retention and catheter-related
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Table 1. Pain Scores at 4, 24, and 48 Hours in the Three Groups

Group A Group B Group C
(n = 15) (n = 15) (n = 15) P value
VAS,
4h 45 + 18 (0-70) 32 * 18 (0-60)* 11 = 15 (0-45)*+ <0.001
24h 27 *+ 14 (10-60) 17 =10 (0-35)* 16 *+ 14 (0-40)* 0.04
48 h 20 * 14 (0-50) 10 =6 (0-20)* 12 = 10 (0-30)* 0.03
VAS,
4h 66 * 15 (40-90) 48 * 20 (0-80)* 20 * 21 (0-50)*t <0.001
24 h 52 = 19 (30-100) 36 = 11 (20-60)* 33 + 23 (0-70)* 0.01
48 h 42 + 17 (15-80) 25 + 12 (10-45) 30 + 25 (0-80) 0.06
PPS
4h 1.6 = 0.5 (1-2.5) 1.2 = 0.6 (0-2)* 0.4 = 0.5 (0-1)*t <0.001
24 h 1.1 +0.2 (1-1.5) 0.8 +0.3(0-1) 0.6 £0.5 (0-1.5)* 0.002
48 h 0.9 = 0.2(0.5-1) 0.5+ 0.5 (0-1) 0.5 + 0.6 (0-2) 0.06
Values are mean * sp (range).
VASyg = visual analog scale score at rest, VAS,,; = visual analog scale score on movement, PPS = postoperative pain score.
* Significantly different compared with Group A.
 Significantly different compared with Group B.
Table 2. Technical Problems and Percentage of Patients with Side Effects in Each Group
Group A Group B Group C
(n = 15) (n = 15) (n = 15) P value
Nausea/vomiting 40 33 27 0.74
Arterial hypotension 0 0 7 0.36
Urinary retention 13 0 40* 0.05
Catheter problems 0 0 40*t <0.001
Lateralization on nonoperated — 0 13* <0.001
side
Difficult insertion — 0 7 0.07
Kinked catheter — 0 20*+ <0.001

Values are éxpressed as percentages.
* Significantly different compared with Group B.
+ Significantly different compared with Group A.

problems were significantly more frequent in Group
C.

The degree of knee flexion obtained daily in each
group are presented in Table 3. Compared with Group
A, significantly better knee flexion was noted in
Groups B and C from Day 1 until discharge. No dif-
ference was noted between Groups B and C. Six weeks
after the procedure, patients in Groups B and C had
significantly better knee flexion than patients in Group
A. However, at 3 mo, no difference was noted among
the groups.

The number of days required to obtain 90° of knee
flexion (discharge criteria) was significantly higher in
Group A compared with both other groups (17 = 7 vs
9 * 6 vs 8 = 5 days [P < 0.001] for Group A versus
Group B versus Group C). Five patients in Group A,
one patient in Group B, and no patients in Group C
were discharged with <90° of knee flexion. This dif-
ference was statistically significant (P = 0.02). Two
patients in Group A and none in Groups B and C
required manipulation under GA for stiff knee during
the observation period. Patients in Groups B and C
walked significantly earlier than those in Group A

(4.3 £ 0.7vs 35 * 0.6 vs 3.5 = 1 days [P = 0.02] for
Group A versus Group B versus Group C).

The duration of hospital stay (including rehabilita-
tion phases of recovery) was significantly longer in
Group A (21 * 3 days) than in Groups B (17 = 3 days)
and C (16 = 4 days) (P < 0.001).

Discussion

Postoperative pain is a major concern after TKA. It is
severe in 60% of patients and moderate in 30% (1).
When inadequately treated, it intensifies reflex re-
sponses, which can cause serious complications, such
as pulmonary or urinary problems, thromboembo-
lism, hyperdynamic circulation, and increased oxygen
consumption (11). Moreover, it hinders early intense
physical therapy, the most influential factor for good
postoperative knee rehabilitation (2,3).

Postoperative pain relief can be achieved by a num-
ber of techniques, such as IV PCA (4), epidural anal-
gesia with narcotics and/or local anesthetics (5,6), and
lumbar plexus blockade (7,8). Epidural analgesia with
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Group A Group B Group C

(n = 15) (n =15) (n =15) P value
Day 1 33 = 15 (10-60) 56 * 22 (20-85)* 48 + 20 (10-90)* 0.009
Day 2 44 =+ 14 (20-70) 65 = 15 (30-85)* 61 = 16 (30-90)* <0.001
Day 3 53 = 17 (25-85) 74 = 11 (55-90)* 71 = 12 (50-90)* <0.001
Day 4 62 = 18 (30-90) 81 =7 (65-90)* 79 = 12 (50-90)* <0.001
Day 5 68 = 19 (25-95) 84+ 6 (75-90)* 86 +7 (70-95)* <0.001
Day 6 72 = 15 (35-95) 85+ 5 (75-90)* 87 £ 6 (70-95)* <0.001
Day 7 73 * 14 (45-95) 855 (75-90)* 90 =4 (80-95)* <0.001
Day 8 73 = 14 (40-95) 86 =5 (75-90)* 90 =5 (80-100)* <0.001
Day 9 76 = 11 (55-95) 87 =5 (75-90)* 92 =6 (80-105)* <0.001
Day 10 77 + 11 (55-95) 88 =6 (75-95)* 91 =5 (80-100)* <0.001
Discharge 88 =7 (75-100) 94 ~ 4 (85-100)* 97 =4 (90-105)* <0.001
6 wk 103 £ 12 (80-125) 116 *+ 12 (100-135)* 114 * 14 (90-135)* 0.03
3 mo 116 = 11 (90-130) 124 = 12 (95-135) 121 *+ 12 (90-135) 0.22

Values are expressed in degrees of knee flexion as mean * sp (range).
* Significantly different compared with Group A.

opioid and/or local anesthetics provides superior pain
relief compared with conventional IM opioids or IV
PCA with morphine (12-15). However, it is associated
with side effects, such as nausea, pruritus, urinary
retention, and respiratory depression with opiates,
and bilateral motor blockade and arterial hypotension
with local anesthetics. Continuous 3-in-1 block pro-
vides better pain relief than systemic (IM or IV PCA)
opioids (16,17). It is as efficient as epidural analgesia
and induces fewer side effects; it is thus considered
the analgesic technique of choice after open knee sur-
gery (17).

In the present study, we demonstrate that continu-
ous 3-in-1 block and epidural analgesia provide better
pain relief than IV PCA with morphine after TKA.
Except in the immediate postoperative period (4 h),
these loco-regional anesthetic techniques provide
comparable analgesia. Continuous 3-in-1 block in-
duces nearly 4 times fewer side effects than epidural
analgesia. This was observed in the limited number of
patients in the present study, but was recently con-
firmed in more than 500 patients (18). Thus, we can
conclude from both studies that continuous 3-in-1
block is the technique of choice for providing postop-
erative analgesia after TKA.

After knee surgery, poorly managed pain may in-
hibit the early ability to mobilize the knee joint. This,
in turn, may result in adhesions, capsular contracture,
and muscle atrophy, all of which may delay or per-
manently impair the ultimate functional outcome (19).
Few studies have assessed the influence of the post-
operative analgesic technique on knee rehabilitation
after TKA. Compared with conventional IV or IM
opioid treatment, epidural analgesia is associated with
more rapid achievement of all postoperative rehabili-
tative milestones and, in some studies, a shorter hos-
pital stay (20-22). Compared with IV PCA with mor-
phine, continuous femoral nerve block improved the
range of motion, but only in the early postoperative

period. This benefit did not affect the outcome at 6 wk
(23).

In the present study, we demonstrate that continu-
ous 3-in-1 block and epidural analgesia equally allow
better and faster postoperative knee rehabilitation
(earlier fulfillment of discharge criteria [90° of knee
flexion], earlier ambulation, no stiff knee) and shorter
duration of hospital stay than IV PCA with morphine
after TKA. However, these benefits do not affect the
outcome at 3 mo.

With both loco-regional anesthetic techniques, bet-
ter knee flexion is recorded not only during the ad-
ministration of the technique, but also after it. Pain
relief alone cannot explain this prolonged beneficial
effect. After open knee surgery, pain can be associated
with severe reflex spasms of the quadriceps muscle,
causing further pain and impaired muscle function.
Rather perplexingly, these spasms begin as soon as the
patient begins to ambulate, and their mechanisms are
unknown. Animal data suggest that the massive no-
ciceptive input from stimulation of nociceptive affer-
ents produces sensitization not only of the peripheral
nociceptors, but also of dorsal horn neurons. This
increased excitability in the spinal cord is strong and
prolonged. Consequently, nonnociceptive input (e.g.,
touch, proprioception) triggers increased reflex excit-
ability with consequent spasm of the muscles supplied
by the same and adjacent spinal segments (24). With
regional anesthesia, the massive afferent nociceptive
input is blocked; consequently, these reflex responses
do not occur. Thus, prevention of quadriceps muscle
spasm could explain the prolonged beneficial effect
observed in our study with the loco-regional anes-
thetic techniques. However, this hypothesis should be
confirmed by specific studies.

Added to the local anesthetic solution, suferitanil
reduced the onset time of the block (25) and clonidine
prolonged duration of both anesthesia and analgesia
(26) after a single-shot brachial plexus block. Their
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inclusion in our continuous infusion is based on un-
published data that supports enhanced onset and pro-
longed duration of continuous peripheral nerve block.
This observation must be confirmed by a large ran-
domized study.

This randomized study demonstrates that continu-
ous 3-in-1 block and epidural analgesia provide better
pain relief and allow better and faster knee rehabili-
tation than IV PCA with morphine after elective uni-
lateral TKA. Because it induces fewer side effects than
epidural analgesia, a continuous 3-in-1 block is the
technique of choice to provide postoperative analgesia
after TKA.

The authors are grateful to F. Veyckemans, MD, for his valuable
criticism of the manuscript and his comments.
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