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Introduction 

Postoperative analgesia management after total knee arthroplas-
ty is very important for improving the function of  knee joint, 
strengthening muscular contraction and early mobilization of  
patients. Systemic opioids, epidural and peripheral nerve blocks 
are widely used for pain relief  after knee arthroplasty. In many 
prospective randomized controlled studies, it is suggested that re-
gional analgesia techniques provide superior pain relief  and faster 
postoperative knee rehabilitation than traditional intravenous or 
intramuscular routes [1,2,3]. The concerns about interactions of  
anticoagulants and central neuroaxial techniques increased the in-
terest in peripheral nerve blocks [1,2,4,5]. The aim of  this study 
was to compare the analgesic efficacy, early rehabilitation and the 
side effects of  continuous epidural analgesia with continuous 

femoral analgesia after total knee arthroplasty.
Materials and Methods

After approval from our institutional ethics comittee and written 
informed consent from each patient, 60 ASA physical status I-
III patients scheduled for elective unilateral total knee artroplasty 
under spinal anesthesia were included in this prospective study. 
The patients were randomly allocated to one of  two postopera-
tive analgesia groups; first group receiving continuous epidural 
analgesia (Group E, n=30), second group receiving continuous 
femoral analgesia (Group F, n=30). Sealed opaque envelopes were 
used for the randomization process. Patients with columna verte-
bralis deformities, mental detoriation, chronic analgesic use, pe-
ripheral neuropathy, coagulation abnormalities, systemic arthritis-
arthralgy, allergy to local anesthetics and <50 or >100 kg weight 
were excluded from the study. Low molecular weight heparin 
once a day beginning 12-16 h before anaesthesia, was used for 
thrombopophylaxis. At preoperative interview, the patients were 
instructed in the use of  the visual analogue scala (VAS 0=no pain 
100=severe pain) and the patient controlled analgesia (PCA) de-
vice (Acute Pain Manager-APM, Abbott, IL, USA).

Patients were premedicated with midazolam 0.07 mg/kg im be-
fore surgery. In the operation room before performing spinal an-
esthesia, all of  the patients received an infusion of  5 ml/kg NaCl 
% 0.9. Routine monitorization included ECG, noninvasive blood 
pressure, heart rate and pulsoxymeter and the basal measurements 
were noted.

In group F, all femoral blocks were performed in the holding 
area or operating room before surgery. Under sterile conditions 
55 mm block needle was inserted perpendicular to skin approxi-
mately 1 cm lateral to the femoral artery pulse that was marked 
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1 cm under the inguinal ligament, then the needle was rotated 
cephalad at a 45°angle. Peripheral nerve stimulator (Stimuplex-
DIG©; Braun, Geisingen, Germany) adjusted to 1.5 mA output, 
2 Hz frequency and 0.1 msn was used for the localization of  the 
femoral nerve. When a quadriceps muscle contraction was elicited 
with a stimulus of  0.5 mA or less (patellar twitch), 20 G femoral 
catheter (Contiplex® D set, B. Braun Melsungen AG) was placed 
with Seldinger technique. Catheters were threaded 8-10 cm into 
the femoral nerve sheath and fixed to skin with a suture to avoid 
catheter dislodgement. After negative aspiration test for blood, 30 
ml of  bupivacaine 0.25 % was given through the catheter as initial 
bolus dose. Sensory block was assessed in the distrubitions of  the 
femoral (anterior aspect of  the thigh), the lateral femoral cutane-
ous (lateral aspect of  the thigh), and the obturator nerve (medial 
aspect of  the knee) 30 minutes after injection of  local anesthetic 
by using cold perception (partial or complete loss of  temperature 
sense). Motor block was assessed by testing the knee extension 
(femoral nerve) and thigh adduction (obturator nerve). Presence 
of  block was defined as weakness at operative leg against the re-
sistance made by the hand of  examiner. The results of  sensory 
and motor tests were reported as either yes or no for every nerve 
distribution area.

After the assessment of  sensorial and motor blocks, spinal anes-
thesia was performed at L3-4 or L4-5 interspace with 15 mg 0.5 % 
isobaric bupivacaine in sitting position. Adequate anesthesia was 
verified by the absence of  sensation (cold perception) at T10 or 
above 20 minutes after the injection of  the local anesthetic.

In group E, patients received combined spinal-epidural anes-
thesia (Espocan®+Docking System+Perifix®Soft Tip; Braun, 
Melsungen, Germany). In sitting position epidural puncture was 
performed with an 18 G Tuohy needle in the L3-4 or L4-5 interspace 
by using loss of  resistance technique. After subaracnoid admin-
istration of  15 mg of  0.5% isobaric bupivacaine, a 20 G epidural 
catheter was threaded 5 cm into the epidural space and then fixed 
with suture to the skin as femoral catheters. 

In both groups, the number of  attempts for correct catheter 
placement and ease of  catheter placement (easy, moderate, and 
difficult) was noted. After spinal anesthesia, mean arterial pressure 
(MAP) and heart rates (HR) were recorded every 5 min during the 
first 30 min and then every 15 min until the end of  the surgery. 
Hypotension was defined as MAP< 70 mmHg and treated with 
an infusion of  200 ml of  0.9 % NaCl solution and/or ephedrine 
5-10 mg IV. Bradycardia was defined as HR< 50 beats/min and 
treated with atropine 0.5 mg IV. The sensorial and motor block 
levels 20 min after spinal anesthesia, operation time and ephed-
rine consumption during the surgery were noted for both groups.

At the end of  the operation, all patients were taken to the re-
covery room. When the level of  the sensorial block regressed to 
L1, patients in both groups received a bolus dose of  10 ml 0.25 
% bupivacaine through the catheters and then the catheters were 
connected to the PCA device which was adjusted to deliver PCA 
boluses of  0.05 ml/kg 0.125 % bupivacaine with the lockout time 
of  30 min and 0.1 ml/kg/h continuous infusion during the first 
48 h postoperatively.

Pain at rest and on movement of  the operated leg was assessed 
with VAS at 0, 6, 12, 24 and 48 h after the operation. When VAS 
pain score was ≥ 40, patients received morphine 0.1 mg/kg sub-
cutanously as a rescue analgesic. Postoperative hemodynamic pa-
rameters were evaluated at the same times. The Bromage scale 
was used to assess the duration of  motor block due to spinal an-
esthesia in both groups.

Early rehabilitation was initiated on the first day after operation 
and maximum knee flexion degree of  each patient was assessed 
and recorded at first and second days. Supplemental analgesic 
consumption, total bupivacaine use, total number of  bolus de-
mands and side effects like nause-vomiting, hypotension, head-
ache, backache and urinary retention were recorded.
All of  the catheters were removed the end of  postoperative 48 
h. Local inflammatory signs (focal pain, redness, and induration) 
at the insertion site was defined as catheter infection. The length 
of  hospital stay and satisfaction of  patients from the analgesic 
technique used (good, moderate, and inadequate) were noted. All 
of  the patients underwent a neurological evaluation at discharge 
from the hospital.

The statistical analysis was performed using SPSS 10.0 for Win-
dows. Parametric data with normal distrubition were compared by 
using Student’s t test and abnormal distribution with Mann Whit-
ney U test. Nonparametric data were compared by using Chi-
square test and Mann Whitney U test with a Bonferoni correction 
for multiple comparisons as appropriate and a p value <0.05 was 
considered significant. All data are presented as mean ± SD, me-
dian (min-max) and percent.

Results

The demographic characteristics of  patients and operation time 
were similar between the two groups (Table 1). No patient re-
quired general anesthesia due to failure of  neuroaxial block and 
no patient was excluded at any stage of  the study.

Sensorial block level 20 min after spinal anesthesia was at T10 in 
Group E and T8 in Group F. MAP, HR and ephedrine consump-

Table 1. Demographic data and operation time 
[Mean±SD, median (min-max)]

Group E
(n=30)

Group F
(n=30)

Age (year) 63 ± 8 67 ± 8
Sex (M/F) 8 / 22 3 / 27
Weight (kg) 82 ± 14 81 ± 15
Operation time (min) 85 (60-135) 80 (60-150)
ASA I/II/III (n) 5 / 21 / 4 2 / 23 / 5

Table 2. Block characteristics [Mean ± SD, median (min-max)]

Group E
(n=30)

Group F
(n=30)

The number of  attempts 1 (1-5) 1 (1-3)
Block level at 20. min T10 T8
Ephedrine consumption [n (%)] 5 (%17) 8 (%27)
Regression of  sensorial block to 
L1 (min)

166 ± 44 157 ± 41

Motor block resolution (min) 259 ± 74 234 ± 59
Catheter insertion, easy/moderate/
difficult (%)

64 / 23 / 
13

70 / 26 / 3
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tion during the surgery were similiar between the groups. Number 
of  attemps for catheter placement, difficulty of  catheterization, 
regression time of  sensorial block to L1 and resolution time of  
motor block were not significantly different between groups (Ta-
ble 2).

VAS pain scores at rest and on movement are presented in Table 
3. Adequate pain relief  was achieved with both regional analgesia 
techniques; no statistically significant difference was noted be-
tween groups.

Postoperative MAP values were lower in Group E, and statisti-
cally significant at 6 and 12 h (Bonferroni correction p<0.0083). 
HR was not different between groups.

Total amount of  bupivacaine consumption was significantly high-

er in Group F (419 ml in Group E, 476 ml in Group F). The total 
number of  bolus demands from PCA infuser was found to be 
significantly different between the groups, 79 (8-179) in Group E 
and 189 (37-618) in Group F (p<0.05). Additional analgesic con-
sumption was statistically different between the groups (p<0.05). 
One patient in Group E and 13 patients in Group F required for 
supplemental analgesics. Maximum knee flexion degrees were 54 
± 16.8 in Group E and 48 ± 13.7 in Group F on the first postop-
erative day, 84 ± 10.0 and 79 ± 12.4 respectively on second day 
(Table 4).

In Group F, the preoperative sensorial block in the cutaneous dis-
tribution of  the femoral nerve, lateral femoral cutaneous nerve 
and obturator nerve was obtained at a rate of  100 %, 93 % and 
100 % respectively. Preoperative motor block was found to be 
100 % for femoral nerve and 90 % for obturator nerve in the 

Table 3. Demographic data and operation time [Mean±SD, median (min-max)]

Group E
(n=30)

Group F
(n=30)

p

VASR (0-100)

 0 h 0 (0-25) 15 (0-32) 0,010
 6 h 15 (0-45) 21(0-35) 0,778
12 h 22 (14-55) 25 (0-60) 0,567
24 h 16 (14-50) 16 (0-40) 0,666
48 h 15 (0-38) 15 (0-45) 0,969

VASM (0-100)

 6 h 29 (0-58) 25 (0-75) 0,630
12 h 27 (0-55) 25 (0-62) 0,805
24 h 25 (0-65) 28 (0-55) 0,556
48 h 21 (0-60) 25 (0-62) 0,976

Table 4. Morphine and bupivacaine consumption, bolus demand, maximum knee flexion degrees [Mean ± SD, median 
(min-max)]

Group E
(n=30)

Group F
(n=30)

P

Morphine (mg) 0 (0-6) 6 (0-13) 0.001*
Bupivacaine (ml) 420 (340-736) 476 (342-739) 0.049*
Bolus demand 79 (8-179) 189 (37-618) 0.001*
Maximum knee flexion degree

1. day 54 ± 17 48 ± 14 0.125
2. day 84 ± 10 79 ± 12 0.124

Table 5. Morphine and bupivacaine consumption, bolus demand, maximum knee flexion degrees [Mean ± SD, median 
(min-max)]

Group E
(n=30)

Group F
(n=30)

P

Nausea-vomiting (n) 11 6 0.152
Backache (n) 3 6 0.472
Urinary retention (n) 5 1 0.195
Headache (n) 4 4 1.000
Hypotension (n) 6 6 1.000
Discharge time (day) 9 (4-15) 9 (5-15) 0.100
Patient satisfaction; good/moderate/inadequate (%) 80 /20 /0 67 /33 /0
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same group. After spinal anesthesia complete sensorial and mo-
tor block of  lower extremities was obtained in both groups. The 
motor block was absent (Bromage 0) at postoperative 6. h in the 
two groups. 

There were no statistically significant differences between groups 
with regard to side effects like nause-vomiting, hypotension, 
headache, backache and urinary retention. The length of  hospital 
stay and patient satisfaction were similar (Table 5). None of  the 
patients had local signs of  infection or neurological deficit.

Discussion

In this study, effective pain control facilitating knee rehabilitation 
was obtained with continuous epidural analgesia and continuous 
femoral analgesia after total knee arthroplasty 

Postoperative severe pain after total knee arthroplasty is associ-
ated with the reflex spasm of  quadriceps muscle and adequate 
pain relief  is neccesary for postoperative knee rehabilitation and 
functional recovery [2]. When pain is inadequately treated, early 
mobilization of  patients can not be achieved; therefore capsuler 
contraction and adhesions threating the success of  surgery will 
occur [2,6].

All of  the patients in this study have participated the exercise and 
early rehabilitation programme after knee arthroplasty at the or-
thopedic clinic. There was no significant difference in maximum 
degree of  knee flexion between the two groups at the first and 
second postoperative days. At the end of  the second day, 84 ± 
10.0 and 79 ± 12.4 degrees were achieved in Group E and Group 
F respectively. The concentration of  local anesthetic and the dos-
es used in this study did not cause motor block which could hin-
der the early mobilization postoperatively.

In the present study comparing the epidural block and femoral 
3-in-1 block, we didn’t find any difference in the analgesic efficacy 
between the two regional techniques. Nevertheless total bupiv-
acaine and rescue analgesic consumption and total number of  
bolus demands from PCA infuser were more in Group F. The use 
of  16 % more bupivacaine and more additional analgesic need 
can be assessed as a disadvantage of  femoral analgesia. There was 
no adverse effect caused by the low doses of  morphine used as 
rescue analgesic in this study. Although lower doses of  local an-
esthetics are used for epidural analgesia, disturbing side effects 
such as sympathetic block are likely to occur due to central block-
ade 1,2. The other frequent side effects of  epidural block include 
orthostatic hypotension, nausea-vomiting and urinary retention. 
Although a significant difference was not shown in this study, the 
incidence of  nausea-vomiting and urinary retention was higher in 
Group E. The similar incidence of  headache and backache was 
thought to be associated with the spinal anesthesia performed for 
the surgery.

Although the intraoperative and postoperative hemodynamic var-
iables were statistically similar between the two groups, MAP and 
HR were lower in Group E in the postoperative period. The or-
thostatic hypotension due epidural analgesia can cause a delay in 
functional recovery and rehabilitation by by restricting early post-
operative mobilization. In a prospective randomized study, it was 
reported that side effects were observed 4 times more with epi-
dural analgesia than with continuous femoral analgesia [2]. And in 
another study, femoral 3 in 1 block has been shown to produce 
lower incidences of  nausea and vomiting [6].

We used the same continuous infusion and bolus doses of  local 
anesthetic in both groups for 48 hours. Although the safety of  
continuous infusion is reported, it may lead to the accumulation 
of  the local anesthetic that is administered at large volumes and 
had a potential risk of  toxicity after prolonged periods of  infu-
sions [7,8]. There were no clinical symptoms or signs of  local an-
esthetic toxicity during the study period. The continuous infusion 
of  0.125 % bupivacaine at the rate of  0.14 ml/kg/h is considered 
as “gold standart” to maintain adequate and safe femoral analge-
sia [9]. We used 0.125 % bupivacaine 0.05 ml/kg with a lockout 
time of  30 minutes and 0.1 ml/kg/h continuous infusion as rec-
ommended during the first 48 h postoperatively.

In this study, all the catheters were placed successfully in both 
groups. The number of  attempts for catheterisation was not dif-
ferent between the two groups. Comparing with the other regional 
techniques, femoral nerve 3-in-1 block is easier to perform requir-
ing no special positioning of  the patient [10]. Catheter placement 
into femoral nerve sheath using a peripheral nerve stimulator is 
found to be successful in 80-100 % of  patients [3,11,12]. We could 
not compare the duration of  the procedure as spinal anesthesia 
was chosen for the surgery and epidural catheter was placed as a 
part of  combined spinal-epidural technique in the present study.

The sensorial block was found to be 100 % for both the femoral 
nerve and the obturator nerve in our study and the motor block 
was 100 % and 90 % respectively. Although the obturator nerve 
has beeen reported to be inadequately blocked with the femoral 
3-in-1 technique, we obtained adequate postoperative analgesia 
[13,14]. This can be associated with the individual variations in 
the innervation of  the knee. In our study, we achieved adequate 
analgesia and early knee rehabilitation despite the absence of  mo-
tor block of  the obturator nerve. Bouaziz et al have reported that 
the cutaneous distribution of  obturator nerve was absent in 57 % 
of  their patients [15]. The discrepancy between the sensory and 
motor block can also be a result of  the high variation in the cuta-
neous distribution of  the obturator nerve in our study. 

None of  the patients had motor block due to spinal anesthesia 6 
h after the operation. Alhough continuous epidural analgesia with 
local anesthetic might be associated with a greater incidence of  
motor block, we didn’t observe any during the study [16]. This can 
be related to the use of  low concentration of  the local anesthetic 
and apropriate dose titration with PCA. 

An effective postoperative analgesia management can facilitate 
early mobilization and functional recovery, thus reduces the dura-
tion of  hospital stay and costs after total knee arthroplasty. Ma-
honey and colleagues have reported that epidural analgesia had 
improved pain control and early rehabilitation was associated 
with a reduction of  approximately 2 days in the length of  hospital 
stay but the high incidence of  side effects should not be ignored 
[17]. Many other studies have demonstrated adequate analgesia, 
accelerated rehabilitation, minimal side effects and short hospi-
tal stay after single dose femoral block or continuous infusion 
[3,6,18,19,20]. In our study, the discharge times from the hospital 
were similar between the two groups.

The incidence of  catheter infections generally increases as long as 
the catheters stay in place. The risk of  infection limits the duration 
of  postoperative analgesic use through the catheters. Cuvillon et 
al have reported colonization of  57 % of  femoral catheters in 208 
patients after 48 h, 3 of  which had infection requiring no antibi-
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otics [21]. The rate of  colonization was 28.8 % in 1443 epidural 
catheter series of  Simpson at al and the incidence was not found 
to be related with the catheter duration [22]. Although bacterial 
analysis was not performed after the removal of  the catheters, we 
did not observe any local infection signs or neurological deficit at 
discharge attributable to the blocks in our study.

In this study, we concluded that continuous femoral analgesia, 
providing similar analgesic efficacy, rehabilitation and ease of  
mobilization, can be a good alternative to epidural analgesia that 
is still widely used for postoperative analgesia after total knee ar-
throplasty. Although the incidences of  side effects were similar 
between the two groups, larger series of  patients are needed for 
further evaluation.
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