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Abstract. Adductor canal block (ACB) is an effective analgesic 
alternative to femoral nerve block after total knee arthroplasty 
(TKA). The aim of the present study was to investigate whether 
addition of dexamethasone to ropivacaine for ACB is able to 
prolong analgesia and reduce pain. Study participants were 
randomized into groups receiving ACB with either 0.5% 
ropivacaine + normal saline (control group; n=93) or 0.5% ropi-
vacaine + 8 mg dexamethasone (dexamethasone group; n=93). 
All patients were subjected to identical peri‑operative manage-
ment. Patients were assessed for the duration of analgesia by the 
return of pinprick sensation. A numerical rating scale, ranging 
from 0 to 10, was used to assess post‑operative pain at 6, 12, 18, 
24 and 48 h. Opioid use was recorded. Serum C‑reactive protein 
and interleukin‑6 levels were measured at 3, 6, 12, 24 and 48 h 
after surgery. The results revealed that the duration of sensory 
block was significantly longer in the dexamethasone group 
(23.42±3.35 vs. 14.67±2.96 h in control group, P<0.05). The 
dexamethasone group also had significantly lower pain scores at 
6, 12, 18 and 24 h after surgery (all P<0.001), and at 48 h, pain 
was comparable in the two groups. Reduction in post‑operative 
pain was associated with a decrease in serum C‑reactive protein. 
Morphine use in the first 24 h after surgery was also lower in the 
dexamethasone group (4.23±1.80 vs. 8.42±2.44 mg in control 
group, P<0.05). In conclusion, addition of dexamethasone to 
ropivacaine for ACB was able to prolong the duration of anal-
gesia and decreased early post‑operative pain following TKA.

Introduction

Careful pain management is necessary after total knee arthro-
plasty (TKA) so as to achieve early post‑operative mobilization 
while ensuring patient comfort throughout (1). Although good 
pain relief may be achieved by continuous epidural anesthesia 
or femoral nerve block (FNB), each of the two methods has 
adverse effects such as muscle weakness, which may delay 
post‑operative mobilization (2,3). Peripheral nerve blockade 
may provide adequate analgesia with preserved muscle func-
tion, and is therefore considered more desirable.

Adductor canal block (ACB) has been recently introduced 
as a promising method capable of providing analgesia after 
TKA with only sensory blockade  (4). It blocks the large 
sensory nerve fibers that carry sensation from the knee via the 
saphenous and the femoral nerves (5). Randomized controlled 
trials have revealed that ACB preserves quadriceps muscle 
strength better than FNB, minimizing weakness during knee 
extension and thus allowing for functional recovery within the 
first 24 h post‑TKA (6‑8).

However, one important limitation of single‑shot nerve 
block is the short duration of analgesia. Researchers are there-
fore constantly looking for strategies to prolong the duration 
of peripheral nerve block analgesia, without having to resort 
to an indwelling perineural catheter. One of the most effec-
tive methods is to prolong the pharmacological duration of 
action of the local anesthetic. Various adjuvants have been 
used in the past with the aim of enhancing the duration and 
the quality of local anesthesia. Corticosteroids, non‑steroidal 
anti‑inflammatory drugs, morphine and epinephrine have 
all been studied  (9‑12). Dexamethasone, a high‑potency, 
long‑acting corticosteroid, is commonly used to reduce 
post‑operative nausea and vomiting. When combined with a 
local anesthetic, it enhances the duration of local anesthetic 
block, acting by preventing nociceptive impulse transmission 
along myelinated C fibers (13). The effects of the addition of 
dexamethasone to local anesthetics in ACB have not been 
well studied. In the present study, the objective was to deter-
mine whether dexamethasone is able to provide a clinically 
meaningful reduction in post‑operative pain due to its potent 
anti‑inflammatory effects.
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Materials and methods

Patients and study design. Patients scheduled for elective 
TKA surgery with the American Society of Anesthesiologists 
(ASA) physical status I or II and aged ≥18 years were eligible 
for inclusion in the study  (14). Those with severe chronic 
obstructive pulmonary disease, coagulopathy or a body 
mass index (BMI) of >35 kg/m2 were excluded. A total of 
200 patients who met the eligibility criteria were selected, of 
which 5 declined to participate in the study. Using a random 
number table and sealed envelopes, patients were randomly 
allocated to receive ropivacaine plus dexamethasone (dexa-
methasone group) or ropivacaine plus normal saline (control 
group). The staff involved in the clinical care and the patients 
were not aware of the treatment assignment.

The study protocol was approved by the Ethics Review 
Board of the Clinical Medical College of Yangzhou University 
(Yangzhou, China). All subjects gave written informed consent 
to participate in the study. The trial was entered in the Chinese 
Clinical Trial Registry (no. ChiCTR‑IPR‑16009222).

Anesthesia. Standard monitoring (pulse oximeter, electro-
cardiogram, non‑invasive blood pressure) was applied to all 
patients on their arrival in the anesthesia room. A 20‑gauge 
intravenous cannula was inserted in the antecubital fossa 
and exclusively used for blood sampling. Another 16‑gauge 
cannula was inserted in the opposite arm for intravenous fluid 
therapy and administration of peri‑operative medications. As 
a pre‑medication, intravenous midazolam (0.03 mg/kg) was 
given. Spinal block was performed with the patient in a lateral 
recumbent position. A 27‑gauge needle was inserted at the 
L3‑4 intervertebral space, and after ensuring that clear cere-
brospinal fluid was in free flow, 11.25 mg bupivacaine (1.5 ml 
of a 0.75% solution) was administered to achieve sensory block 
at or above the T10 dermatone.

Surgical care. All surgeries were performed during the 
morning h to avoid confounding effects of circadian endo-
crine variations. The total knee replacements were performed 
in the standard manner in all patients by the same surgeon. 
Intravenous cefazolin (2 g) was administered 20 min prior 
to surgery. A pneumatic tourniquet was applied to the thigh 
prior to surgery and inflated up to 275 mmHg. A suction drain 
was used in all cases for 48 h post‑operatively to minimize 
post‑operative hematoma.

Experimental protocol. Randomization of patients was 
performed upon arrival in the operating room. A nurse who 
was not involved in the study opened a sealed envelope that 
decided whether the patient was to receive 10 ml 0.5% ropi-
vacaine plus 8 mg dexamethasone (4 mg/ml) or 10 ml 0.5% 
ropivacaine plus 2 ml normal saline. ACB was performed 
prior to administration of spinal anesthesia. With the patient 
in the supine position, the procedural needle was inserted 
in‑plane from the anteromedial side at the mid‑thigh level. It 
was advanced through the sartorius muscle and fascia under 
ultrasound guidance, using a SonoSite Turbo™ ultrasound 
machine (SonoSite Inc., Bothell, WA, USA) equipped with 
a linear 13‑6 MHz transducer, and the adductor canal, with 
the superficial femoral artery and vein within, was identified. 

Once the needle tip was located in the adductor canal, the 
anesthetic solution (10 ml 0.5% ropivacaine plus 8 mg dexa-
methasone or 10  ml 0.5% ropivacaine plus 2  ml normal 
saline) was injected anterior to the artery and deep into 
the sartorius muscle. All patients were evaluated for block 
success by checking for pinprick sensation in the saphenous 
distribution on the lower medial leg. Sensation was graded 
on a 3‑point scale (0, normal sensation; 1, sense touch but no 
pain; 2, absence of all sensation), and successful blockade was 
defined as a change from normal sensation at baseline (0) to a 
score of 1 or 2. Sensation was tested twice: At 15 and 30 min 
after the nerve block.

Post‑operative pain management. Upon the arrival in the 
post‑anesthesia care unit after surgery, all patients received 
1 g paracetamol IV stat, and every 12 h thereafter, to support 
analgesia. Postoperative pain was assessed by a blinded team 
member using a numerical rating scale (NRS). The NRS score 
was assessed every hour till the patient complained of severe 
pain or the NRS score was ≥4, at which point rescue analgesia 
was provided with 2 mg morphine IV every 10 min until the 
patient was comfortable. Granisetron (3 mg) was prescribed to 
treat nausea or vomiting when required.

Assessment of primary outcome Sensory block. Sensory block 
duration was defined as the time from the onset of the block to 
its resolution as demonstrated by pinprick testing. Successful 
block was defined as complete loss of pinprick sensation on 
the medial aspect of the knee (the ACB distribution). During 
pinprick testing, the sensation on the blocked side was 
compared with that on the normal side. The time‑point at 
which the sensation became equal on both sides was consid-
ered as the point of sensory block resolution. Assessment was 
performed every hour post‑operation to define the time of 
block resolution.

Post‑operative pain. Pain was estimated using NRS scores 
immediately after nerve block placement. The NRS ranged 
from 0 (no pain) to 10 (worst imaginable pain). Pain was evalu-
ated in the resting state and during movement at 6, 12, 18, 24 
and 48 h after the end of the surgery.

Assessment of secondary outcome Morphine consumption. 
Total morphine consumption was defined as the sum of the 
morphine doses administered in the ward during the first 24 h 
after surgery.

Analysis of blood samples. Serum C‑reactive protein (CRP) 
and interleukin‑6 (IL‑6) was measured at baseline and at 3, 
6, 12, 24 and 48 h post‑operation. Blood samples were centri-
fuged within 30 min of collection, and the plasma was stored 
at ‑80˚C until analysis. CRP was measured by turbidimetric 
immunoassay (cat. no. CYT296; Merck KGaA, Darmstadt, 
Germany) with a detection limit of 0.3 mg/dl, using a Hitachi 
747 analyzer (Hitachi, Tokyo, Japan). IL‑6 was measured using 
a commercially available ELISA (cat. no. AB1839; Merck 
KGaA) with a detection limit of 0.1 ng/ml.

Statistical analysis. The sample size was calculated on the 
basis of a pilot study. The comparison of the duration of 
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sensory block was the primary determinant of the sample 
size. Differences between two independent means in the two 
groups were calculated using a two‑tailed t‑test. A total sample 
of 176 was required, with 88 cases in each group, to reach an 
effect size (i.e., the magnitude of the difference between the 
two groups) of 0.55, with an alpha error of 0.05 and statis-
tical power of 95%. Therefore, 100 patients in each group 
were recruited to allow for possible dropouts. Descriptive 
statistics were used for the baseline characteristics of the two 
groups. Continuous variables were assessed for normality and 
were presented as the mean or median as appropriate. SPSS 
v15 (SPSS, Inc., Chicago, IL, USA) was used to perform all 
statistical analyses. The two‑tailed Student's t‑test was used for 
comparisons of demographic data, duration of the block and 
morphine consumption in the two groups. Two‑way repeated 
measures analysis of variance was used for between‑group 
comparisons of NRS score, CRP and IL‑6 over time. P<0.05 
was considered to indicate a statistically significant difference.

Results

Patients. Fig. 1 presents a flow diagram for the enrolment, treat-
ment and follow‑up of patients in the present study. A total of 
200 patients who met the inclusion and exclusion criteria were 
approached for participation in the study, of which 5 patients 
declined. ACB was inadequate in 5 patients in the dexametha-
sone group and in 4 in the control group; these 9 cases were 
excluded from the final data analysis. Thus, 186 patients (n=93 
in each group) completed the study.

There were no significant differences between the two 
groups in their demographic variables and clinical parameters 
(Table I). None of the patients were regular users of corticoste-
roids, and none of them had received any recent intra‑articular 
steroid injection.

Dexamethasone increases the duration and quality of 
ACB after TKA. The mean duration of sensory block was 

significantly longer in the dexamethasone group compared 
with that in the control group (23.42±3.35 vs. 14.67±2.96 h, 
P<0.05; Fig. 2). The mean NRS score was lower in the dexa-
methasone group compared with that in the control group, 
with significant differences between the groups at 6, 12, 18 
and 24 h after block placement, in the resting state as well as 
with movement (Figs. 3 and 4, respectively). However, there 
was no significant difference between the groups in the pain 
scores at 48 h after block placement. Morphine consumption 
during the first 24 h was significantly lower in the dexa-
methasone group (4.23±1.80 vs. 8.42±2.44 mg in the control 
group, P<0.05; Fig. 5). Baseline CRP and IL‑6 were compa-
rable between the two groups. At 24 and 48 h after surgery, 
CRP concentration was raised in each of the two groups, but 
the increase was less marked in the dexamethasone group 
(P<0.05; Fig. 6A). The mean IL‑6 level was also slightly 
lower in the dexamethasone group at 6, 12, 24 and 48 h post 
surgery; however, the difference between the groups was not 
statistically significant (Fig. 6B).

Figure 2. Duration of sensory block in the dexamethasone and control groups. 
The duration of sensory block was significantly longer in the dexamethasone 
group. The horizontal middle line represents the median, the box represents 
the interquartile range and error bars represent range. *P<0.05 vs. control.

Figure 1. Flow chart illustrating the enrolment and progression of patients in 
the present study.

Table I. Patient characteristics.

	 Dexamethasone	 Control
Characteristic	 group (n=93)	 group (n=93)

Age (years)	 63±5	 62±7
Sex (male/female, n)	 45/48	 43/50
BMI (kg/m2)	 24±3	 24±4
Glucose (mmol/l)	 5.1±0.6	 5.3±0.5
Pre‑operative MAP	 96±7	 98±6
(mmHg)
Recovery MAP (mmHg)	 94±5	 96±4
Pre‑operative HR (bpm)	 72±5	 70±4
Recovery HR (bpm)	 74±3	 75±6
Duration of surgery (min)	 85±11	 87±8

Values are expressed as the mean ±  standard deviation. There was 
no significant difference between the groups in any of these patient 
characteristics. MAP, mean arterial pressure; HR, heart rate; BMI, 
body mass index.
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Discussion

The aim of the present study was to determine whether addi-
tion of dexamethasone to ropivacaine is able to improve the 
efficacy of ACB in patients undergoing primary TKA. The 
results revealed that addition of 8 mg dexamethasone to 0.5% 
ropivacaine solution during ACB improved the duration and 

the quality of post‑operative analgesia in patients under-
going primary TKA. The use of dexamethasone reduced the 
consumption of morphine during the post‑operative period. 
Finally, dexamethasone reduced inflammation, as demon-
strated by the attenuation of post‑operative serum CRP levels 
in patients receiving dexamethasone; however, IL‑6 levels 
were not affected.

Increasing the duration of action of local anesthetics used 
in nerve blockade is often desirable, as it improves the quality 
of surgical anesthesia and prolongs post‑operative analgesia. 
Various additives have been used to prolong regional blockade. 
Dexamethasone has been extensively studied as an adjunct to 
local anesthetic in peripheral nerve blockade (15‑17). The use 
of dexamethasone at doses of 4‑12 mg via intravenous and 
perineural routes has been described in regional anesthesia 
and pain medicine textbooks (17), but to the best of our knowl-
edge, no previous study has examined the use of perineural 
dexamethasone for ACB.

In the present study, the magnitude of the effect of 
dexamethasone was substantial. It prolonged the duration 
of sensory block from 14.67 to 23.42 h; this finding should 
encourage the use of dexamethasone in conjunction with local 
anesthetics in patients undergoing TKA. However, the safety 
of perineural adjuvants has been the subject of recent debate, 
with questions being raised regarding potential neurotoxicity 
of the adjuvant drug itself or of any co‑administered preserva-
tives (18). Corticosteroid‑mediated neurotoxicity appears to be 
associated with the vehicle polyethylene glycol and the preser-
vative benzyl alcohol, as well as insoluble steroid particulate 
matter in the injectate (19). In vitro and in vivo pre‑clinical 
studies have demonstrated that locally applied corticosteroids 
have no long‑term effect on the structure, electrical properties 
or function of peripheral nerves. In one study that used a rat 

Figure 6. Serum concentrations of (A) CRP and (B) IL‑6 in each group 
Pre‑op and at 3, 6, 12, 24, and 48 h after surgery. *P<0.05 vs. control. IL, 
interleukin; CRP, C‑reactive protein; Pre‑op, pre‑operatively.

Figure 3. Mean pain scores on the numerical rating scale (range, 0‑10) while 
at rest at 6, 12, 18, 24 and 48 h after nerve block. The scores were significantly 
lower in the dexamethasone group for the first 24 h. *P<0.05 vs. control.

Figure 4. Mean pain scores on the numerical rating scale (range, 0‑10) 
during movement at 6, 12, 18, 24 and 48 h after nerve block. The scores were 
significantly lower in the dexamethasone group for the first 24 h. *P<0.05 vs. 
control.

Figure 5. Total morphine consumption in each group during the first 24 h 
after surgery. The morphine consumption was significantly lower in the 
dexamethasone group. *P<0.05 vs. control.
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sciatic nerve experimental model, extrafascicular injection of 
dexamethasone caused no damage to the nerve and intrafas-
cicular injection caused only minimal damage (as compared 
to the damage caused by other steroids, hydrocortisone and 
triamcinolone) (20). Thus, the use of dexamethasone as an 
adjuvant to local anesthetics for peripheral nerve block appears 
safe. Adverse effects with a single dose of dexamethasone are 
probably extremely rare and minor in nature.

Surgical trauma induces an inflammatory state charac-
terized by the release of pro‑ as well as anti‑inflammatory 
proteins. Pro‑inflammatory cytokines induce not only local 
inflammation, but also systemic responses. TKA represents 
a major surgical stress, and is associated with a significant 
increase in the post‑operative serum levels of hormones and 
inflammatory markers; post‑operative changes in serum CRP 
and IL‑6 over a 7‑day period have been reported (21). In the 
present study, a similar post‑operative elevation in serum CRP 
and IL‑6 levels was observed. Dexamethasone is a long‑acting 
glucocorticoid with potent anti‑inflammatory properties. The 
lower serum CRP levels in the dexamethasone group are a 
demonstration of its anti‑inflammatory effects.

In the present study, patients who received dexamethasone 
had significantly effective sensory block for 23.42±3.35 h; 
this result is consistent with the known pharmacodynamics 
of dexamethasone  (15). Morphine requirement in the first 
24 h after surgery was significantly reduced in patients who 
received dexamethasone. This reduction may have been due 
to the efficacy of dexamethasone in suppressing inflammation 
and early post‑operative pain. However, it must be kept in 
mind that the duration of sensory block was ~8 h longer in the 
dexamethasone group, and this may have also contributed to a 
decrease in morphine consumption.

In conclusion, the results of the present study indicated 
that the addition of dexamethasone to ropivacaine for ACB is 
able to increase the duration of analgesia and decrease early 
post‑operative pain following TKA.
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