Pain management in total knee arthroplasty by
intraoperative local anesthetic application and one-shot
femoral block
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ABSTRACT

Background: Pain after total knee arthroplasty (TKA) is a big problem in orthopaedic surgery. Although opioids and continuous
epidural analgesia remain the major options for the postoperative pain management of TKA, they have some undesirable side
effects. Epidural analgesia is technically demanding, and the patient requires close monitoring. Different types of local anesthetic
applications can successfully treat TKA pain. Local anesthetics have the advantage of minimizing pain at the source. This study
investigates the efficacy of different local anesthetic application methods on early, (15t day) pain control after total knee arthroplasty.
Materials and Methods: 200 patients who underwent unilateral TKA surgery under spinal anesthesia were randomly assigned into
four different groups (fifty in each group) and were administered pain control by different peri- and postoperative regimens. Group A
was the control group wherein no postsurgical analgesia was administered to assess spinal anesthesia efficacy; in Group B, only
postsurgical one-shot femoral block was applied; in Group C, intraoperative periarticular local anesthetic was applied; in Group D, a
combination of the one-shot femoral block and intraoperative periarticular local anesthetics were applied. Demographic data consisting
of age, weight, gender and type of deformity of patients were collected. The data did not differ significantly between the four groups.
Results: Group D patients experienced significantly better postoperative pain relief (P < 0.05) and were therefore more relaxed
in pain (painless time, VAS score) and knee flexion (degrees) than the other patient groups in the 15t postoperative day followup.
Painless time of Group D was 10.5 hours and was better than Group C (6.8 hours), Group B (6.2 hours) and Group A (3.0
hours) (P < 0.05). Group A got the best pain Vas score degrees in the 15! postoperative day which showed the success of combined
periarticllar local anesthetic injection and femoral nerve block.

Conclusion: The intraoperative periarticular application of local anesthetics in addition to one-shot femoral block is an efficient
way of controlling postsurgical pain after TKA.
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INTRODUCTION controversial. Owing to the extreme tissue dissection

involved, TKA is often cited as one of the most painful

otal knee arthroplasty (TKA) is an effective
treatment for end stage knee arthritis, but the
optimal management of postoperative pain remains
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known procedures.® Approximately, 20% of patients with
osteoarthritis of the knee do not want to undergo TKA
because of the expectancy of high levels of pain.? After
knee surgery, the pain may also inhibit early rehabilitation
to mobilize the knee joint.! This can cause muscle atrophy
and capsular contractures that may impair the functional
outcome. Tissue trauma during major surgery often leads
to changes in pain perception by the central nervous
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system.* After open knee surgery, pain can be associated
with severe reflex spasms of the quadriceps muscle, which
causes further pain.

Different types of local anesthesia applications can
successfully treat TKA pain. Although opioids and
continuous epidural analgesia remain the major options for
the postoperative pain management of TKA, they have some
undesirable side effects. Epidural analgesia is technically
demanding, and the patient requires close monitoring after
the operation because of complications such as hypotension,
nausea, and vomiting.® Patient controlled analgesia pumps
also need close monitoring as they are prone to technical
errors in their use. The administration of intravenous (IV)
opioids after surgery is associated with serious side effects,
including sudden hypotension and cardiac arrest, which are
difficult to treat and monitor in busy clinical settings.®# In
general, patients undergoing TKA are aged over 55 years
and most often have accompanying health problems such
as diabetes, hypertension, and cardiac diseases, which
restrict high-dosage opioid use.® As a result, it is both
challenging and risky to achieve optimum analgesia in such
patients.” Although femoral nerve block is an alternative
and effective treatment to reduce TKA-associated pain, it
does not provide adequate analgesia as the femoral nerve
only innervates the anterior side of the knee, and posterior
knee pain, which is caused by sciatic nerve, is often present
postoperatively.® Local anesthetics, on the other hand, have
the advantage of minimizing pain at the site of origin, and
have minimal side effects.’

To the best of our knowledge, no previous studies have
explored the combined analgesic effects of one shot femoral
block and the application of intraarticular local anesthesia to
control TKA-related pain. In addition, this is the first study
to use local anesthetics intraoperatively, instead of sciatic
block, to minimize sciatic nerve based pain. Therefore,
the aim of this prospective case series study was to assess
the treatment of early (first 24 h) postoperative pain using
local anesthetic agents. The use of local anesthetics,
bupivacaine (long acting), and prilocaine (short acting),
was assessed both intra- and postoperatively. Furthermore,
intraoperative local anesthetics were used in combination
with a femoral block as a novel approach to reduce
postoperative pain in a subset of patients.

MATERIALS AND METHODS

All patients signed informed consent form. The study was
approved by the institutional board. All the patients were
randomly chosen and ranked in the groups according to
their orthopaedic policlinic attendance order. All included
patients were operated under lumbar spinal anesthesia by

the author for knee replacement for osteoarthritis treatment
between years 2011 and 2014 and were randomly assigned
to four different postoperative pain treatment groups
(n = 50 each). Group A was the control group, wherein no
postsurgical analgesia was administered to assess the efficacy
of spinal anesthesia alone; in Group B, only a single-injection
postsurgical femoral block was applied; in Group C, an
intraoperative local anesthetic was applied; and finally, in
Group D, a combination of the single-injection femoral block
and intraoperative local anesthetics were applied. Patient
demographics did not differ significantly between the four
groups [Table 1]. Patients with rheumatoid arthritis, diabetes,
and thyroid abnormalities as a result of abnormal neuropathic
pain responses and those with significant psychiatric disorders
were excluded from the study before our study began. No
patients were lost during the study followup period.

Immediately after the induction of spinal anesthesia, all
patients received 1 g cefazolin, ten minues before incision.
The lower limb was then prepared and draped. It was
exsanguinated, and a tourniquet was applied. Surgery
was performed through a midline approach. The resection
technique was used in each operation and a drain inserted
at closure. No opioids were given intraoperatively. The
average overall operation time was approximately 1 h in
each group. Three different prostheses, all of which were
posterior cruciate substituting and mobile were implanted.

In this study, a novel data parameter was introduced of
painless time (PT) to determine the efficiency of pain
treatments and to compare the success rates between each
group. To calculate the PTs, we recorded two time-points:
Time point 1 was recorded as when the patient left the
operation room (time point 1). No analgesics were supplied
to the patients postoperatively and the nurses noted the
time when the patient began to feel pain (time point 2).
For each patient, the PT value (in hours) was obtained by
subtracting time point 2 from time point 1.

Visual analog scale (VAS) was used to assess the intensity
of pain; wherein zero denoted “no pain” and 100 denoted

Table 1: Demographic data of patients
Demographic data Group A Group B Group C Group D

Mean age (in years) 65.6 63.7 64.6 63.4
Mean weight (kg) 83.2 81.3 79.8 80.1
Gender (male, female) 7,43 6, 44 10, 40 4,46
Type of deformity
Varus 45 43 41 38
Valgus 4 4 6 8
Neutral 1 3 3 4
Type of implant PS PS PS PS
Mean duration of surgery  61.8 61 61.5 62.5

PS=Posterior (Cruciate Ligament) Substituting Knee Prosthesis
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the “worst pain.” The patients assessed the intensity of
pain at the end of PT and 24 h after the operation by VAS
tables [Table 2].

In all groups, after the PT was reached, we first administered
nonsteroidal anti-inflammatory drugs (NSAIDs) (tenoxicam IV
2 x 1 dosage) for analgesia; if ineffective, opioids (morphine
10 mg IV or im 2 X 1 dosage) were applied cautiously to
avoid nausea, hypotension, and vomiting. In Group A, no
postoperative local anesthetic treatment was applied. In
Group B, a single-injection femoral block was provided.
During the procedure, the operating room anesthesiologist
located the femoral nerve precisely within the femoral
sheath using a neurostimulator (Stimuplex HNS 12, Braun
Melsungen, Melsungen, Germany). After the quadriceps
femoris contracted at 0.5 mA as a result, 10cc of bupivacaine
and 10 cc of prilocaine mixture were injected into the femoral
sheath. In Group D, a mixture of 20 ml prilocaine and 30 ml
bupivacaine was administered into the posterior compartment
of the knee, the joint capsule, and the area of the collateral
ligaments just before the cementation of the arthroplasty
components. Just after skin closure, the anesthesiologist
applied a femoral block with the neurostimulator in the
operating theater. In Group C, only intraoperative local
anesthetics were applied in a similar manner to that described
in Group D, but without the femoral block.

No complications were observed after local anesthetic
application. This may be due to tourniquet application in
all TKA operations.

Knee flexion degrees that were calculated with goniometer
were also compared within four groups 24 h after the
operation.

Mann-Whitney U-test and Kruskal-Wallis tests were used
to compare group results. Data were considered statistically
significant if P < 0.05.

REesuLTs

The mean PT was 3 h for Group A. These patients
experienced some degree of pain despite the use of opioids.
In Group B (femoral block only), the mean PT was 6.2 h.
The patients in this group had no major pain on the anterior
side but had excessive pain in the posterior part of the knee.
Patients received NSAIDs, but opioids were required as
they felt pain in all knee compartments even 8 h after the
operation. Group C (intraarticular local anesthetics only)
had a mean PT of 6.8 h. This group showed a better results
than that of Groups A and B, but this was not statistically
significant. The mean PT was 10.5 h in Group D, which
was statistically much better than Groups A, B, and
C (P < 0.05). Group D patients mostly felt only slight

pain, which could be treated by applying only 20 mg of an
NSAID, tenoxicam. Only eight patients required opioids for
analgesia in the 24-h period. The pain intensity was also
lower in Group D than the other groups (P < 0.05). The
patients in this Group D showed a trend toward lower mean
VASs during the first 24-h period of this study. VASs did not
exceed 50 mm. Intraoperative local anesthetic plus femoral
block was very effective in reducing the pain intensity on the
1+ day of the postoperative period. Therefore, the treatment
of postoperative pain was statistically more successful in
Group D than the other three groups.

It was also found that intraarticular and perineural injection
of local anesthetics reduced the need for narcotics in the first
24 h period after TKA [Table 3] as local anesthetics may have
blocked or attenuated nociception. These drugs also helped
in increasing the range of knee motion. Postoperative knee
flexion was measured 24 h after the operation, and Group D
patients had a better range of motion than the other groups,
but this was not statistically significant [Table 4].

On questioning patients 1 month after the operation whether
they would consider another TKA on the other knees, Group B
showed the highest number of positive responders (82%),
followed by Group D (81%), Group C (75%), and finally
Group A (70%). The response is shown by Group A most
likely reflects the nonuse of local anesthetics [Table 5].

Table 2: Pain degree results of the groups
Pain degrees Group A Group B Group C Group D

Painless time (hours) 3.0 6.2 6.8 10.5
(P<0.05)

VAS at time point 2 78.6 65.9 60.2 40

VAS 24 h after the operation  44.6 42 34.2 30

VAS=Visual analog scale

Table 3: Analgesics used after painless time

Analgesics needed GroupA GroupB GroupC GroupD
after painless time

Narcotics (morphine) 45 20 24 8 (P<0.05)
Nonsteroidal 5 30 26 42
anti-inflammatory

drugs (tenoxicam)

Table 4: Maximum flexion degrees 24 h after surgery
Range of motion GroupA GroupB GroupC
Flexion (degrees) 83.6 91.4 98.3

Group D
105.2

Table 5: Would you like to have an total knee arthroplasty
operation on your other knee?

Number of GroupA GroupB GroupC GroupD
patients

Yes 25 28 31 30
No 1 6 10 7
Total 36 34 41 37
Yes/total percentage 70 82 75 81
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DiscussioN

This appears to be the first clinical study to investigate the
combined analgesic effects of intraoperative local anesthetic
application and one-shot femoral block on post-TKA pain.
Postoperative knee pain is a major problem, especially in
the first 24 h after TKA. The levels of reported pain are
severe in 60% of patients.' In this study, the use of nerve
blocks and local anesthetics were compared against spinal
blocks alone.

The intraoperative application of local anesthetics to the
posterior compartment of the knee and the collateral
ligaments, in addition to a femoral block, is a very efficient
method of pain control after TKA. Moreovery, it is safe
to perform, and there is no need of excessive doses of
analgesics or opioids after surgery. In the meta-analysis of
Richman et al., it was concluded that perineural analgesia
is better than opioids after knee arthroplasty (P < 0.001).1!

Nausea, vomiting, sedation, and pruritus all occur more
commonly with opioid analgesia than with other agents
of pain control.?? Single-injection peripheral nerve blocks
have been shown to provide superior pain control and
fewer side effects than opioid use.!** In this study, single-
femoral block decreased pain for an average of only 6 h
after the operation, after which patients started to complain
of posterior knee pain. When I intraoperatively applied local
anesthetics, especially to the posterior part of the knee,
the average PT improved to 10 h, and the pain intensity
also decreased. Rostlund, Lombardi, and Busch have also
previously emphasized the importance and success of
wound infiltration by local anesthetics, but nerve blocks
were not assessed in this study.®!213 Furthermore, Liu et al.
used only femoral block with low-dose local anesthetics for
TKA operations, demonstrating the importance of femoral
block, but without assessing periarticular injections.!®

Ng et al. compared local anesthetic group with femoral block
group after TKA and found no difference between the two
groups.'® Yadeau et al. compared local analgesic infiltration
patients with the patients that had femoral block on the
top of epidural block after TKA. Local anelgesic infiltration
group was successful as femoral block plus epidural block
group in pain management.!’ This also supports the results
that we had with Group B and Group C. Martin et al. used
femoral and sciatic blocks in his study, but he applied
them before the surgery which means a time loss of at
least 2 h for the patients to enable the analgesic effect of
local anesthetics.!? However, the success of nerve blocks
was also emphasized. Kardash et al.” studied the effects
of one-shot femoral block after TKA and observed that
femoral block decreases pain only in the recovery room.

In this study, patients who had a femoral block were in a
painless state for nearly 6 h, but the pain they felt after this
time was not at the femoral nerve dermatome, but rather
within the sciatic nerve dermatome. Kardash et al. also
stated the importance of sciatic nerve sensation, but this
was not specifically investigated.

The importance of sciatic block was assessed by Ben-David
et al., who concluded that femoral block is not sufficient to
treat the postoperative TKA pain and sciatic block should
be added to the treatment.!® Sato et al. also emphasized
the importance of a sciatic nerve block in postoperative
knee pain.? In that study, continuous femoral block and
single-injection femoral block were applied just before the
operation. However, it may be that applying nerve blocks
postoperatively is more advantageous as it spares patients
the pain of the injections while also conferring a longer
period. Furthermore, this is a difficult technique to apply
with an externally rotated hip position postoperatively,
in addition to the knee surgery. In this study, no sciatic
block was applied after the operation, instead, local
anesthetics were injected intraoperatively into the posterior
compartment of the knee.

Before 2011, only a one-shot femoral block was used for the
treatment of postoperative pain in TKA in the author’s clinic.
Single-injection femoral nerve blocks have been shown to
provide superior pain control and fewer adverse effects than
opioids.® However, it has been noted in our department
that patients require more pain relief in the posterior side of
their operated knees than the anterior side as the posterior
part of the knee is innervated by the sciatic nerve and its
branches [Figure 1]. Osteotomy segments of the knee are
also innervated by the sciatic nerve from the S1 root.2 While
a sciatic block is a solution to this problem, it is a technically
demanding procedure that requires considerable patient
cooperation to achieve the best position for surgery.*? For
this study, it was therefore decided to only use periarticular
local anesthetics intraoperatively for pain relief of posterior
compartment instead of sciatic block, in addition to the
femoral block which was applied postoperatively. Local
anesthetics were intraoperatively administered to the
posterior knee compartment and the area of the collateral
ligaments. Patients in Group D had longer PT values
with reduced pain intensity after this regimen. However,
the femoral block was not successful in eight patients in
Group D who needed opioids for postoperative knee pain.
Femoral blocks cannot be always applied completely. Even
with the use of the neurostimulator, femoral nerve can be
missed, which is a limitation of this method.

Another limitation of this study is that epidural block and
local anesthetics application were not compared. Only local
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Figure 1: Anteior and posterior dermatomal innervation of knee joint

anesthetic treatments were included in this study. However,
in other future studies, these two methods can be compared.

CONCLUSION

A one-shot femoral nerve block with intraoperative
periarticular local anesthetic application should be
considered as an effective choice for pain management
after TKA.
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