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ABSTRACT

ARTICLE INFO

Aim: Total knee arthroplasty (TKA) is a major orthopedic surgical procedure often
necessitating effective postoperative analgesia. This study aimed to compare the an-
algesic efficacy of ultrasound-guided genicular block (GB) and intrathecal morphine
(ITM) in patients undergoing THA under spinal anesthesia.

Method: A prospective, randomized, single-blind study was conducted at Ordu Uni-
versity Training and Research Hospital from October 1, 2022, to April 1, 2023. Eligi-
ble patients aged 18 to 90 undergoing knee surgery with spinal anesthesia were ran-
domized into two groups: Group ITM received intrathecal morphine, while Group GB
underwent ultrasound-guided triple genicular block. Pain scores, rescue opioid con-
sumption, time to initial mobilization, and Modified Bromage Scale (MBS) scores
were assessed at five time points (0, 2, 6, 12, and 24 hours) within the first 24 hours
post-surgery.

Results: At the 24-hour mark, cumulative tramadol consumption was significantly
lower in Group ITM compared to Group GB (35.45+54.84 vs. 63.37+37.7 mg, respec-
tively, p = 0.028). Group ITM also exhibited statistically lower Numeric Rating Scale
(NRS) scores at 12 hours (p = 0.005) but had similar scores at other time points. Ad-
ditionally, time to first ambulation and MBS scores were consistent across all inter-
vals (p < 0.05).

Conclusions: In patients undergoing knee arthroplasty with spinal anesthesia, those
receiving ultrasound-guided genicular blocks demonstrated higher opioid consump-
tion over a 24-hour period compared to those receiving intrathecal morphine. How-
ever, regarding postoperative pain scores, both groups exhibited similar outcomes.
These findings provide valuable insights into the selection of postoperative analgesic
modalities for TKA patients.
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1. Introduction

Total knee arthroplasty is a widely embraced surgical
intervention for patients suffering from persistent knee
pain and functional limitations, consistently yielding fa-
vorable outcomes [1,2]. Wang et al. initially introduced
the use of intrathecal morphine for pain management

[3]- Originally employed to mitigate acute postoperative
discomfort, particularly in cancer-related surgeries, in-
trathecal morphine has demonstrated efficacy even in
extensive orthopedic procedures [4-12]. In the realm of
peripheral nerve blocks, the genicular block has
emerged as a promising approach to alleviate pain in to-
tal knee arthroplasty [13]. This modern peripheral nerve
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block has captured the attention of anesthesia practi-
tioners, who utilize it either independently or in combi-
nation with other methods to address postoperative
pain following knee arthroplasty [13]. Empirical studies
underscore the dual advantages of genicular blocks: re-
ducing opioid consumption in major orthopedic surger-
ies while also facilitating unrestricted mobilization,
thanks to their minimal impact on motor function [14].

The objective of this study was to perform a compar-
ative analysis of postoperative analgesic strategies in pa-
tients undergoing knee arthroplasty with spinal anes-
thesia, specifically comparing ultrasound (US)-guided
genicular block (GB) and intrathecal morphine (ITM).
Our principal research hypothesis posited that the use of
genicular block would result in decreased postoperative
opioid consumption while maintaining comparable pain
scores to those achieved with intrathecal morphine ad-
ministration.

2. Materials and Methods

This study was designed as a prospective, randomized,
comparative investigation with blinded assessors. It was
conducted at Ordu University Training and Research
Hospital from October 1, 2022, to April 1, 2023. Ethical
approval for the research was obtained from the Ordu
University Clinical Research Ethics Committee (Decision
no: 2022/247, Date: 16.10.2022) to ensure strict compli-
ance with the principles delineated in the Declaration of
Helsinki. Inclusion criteria encompassed patients aged
18 to 85 scheduled for unilateral knee arthroplasty under
spinal anesthesia, all of whom provided written informed
consent. Exclusion criteria included individuals contrain-
dicated for neuraxial or peripheral blocks, those with on-
going infections or malignancies, individuals with active
psychopathological or neurological conditions poten-
tially impacting pain perception, individuals with malnu-
trition, and those who declined regional anesthesia.

2.1. Randomization and blinding

We employed the sealed envelope method to achieve
randomization, guaranteeing an unbiased allocation of
participants to the study groups. To uphold the study's
integrity, a single-blind protocol was implemented. The
anesthesiologist (EC) responsible for administering the
blocks remained separate from the subsequent postop-
erative data collection. A different anaesthesiologist (IC),
unaware of the specific block performed, conducted the
data collection, ensuring the blinded nature of the as-
sessment.

2.2. Spinal anesthesia procedure

During the preoperative phase, no premedication was
administered. Upon entering the operating room, pa-
tients underwent routine monitoring, which included
pulse oximetry, electrocardiography, and noninvasive
blood pressure measurement. Vascular access was es-
tablished by inserting a 20 G intravenous cannula into
the dorsum of both hands. Hydration was maintained by

intravenously infusing a 0.9% NaCl solution at a rate of 4
ml/kg/h.

Subsequent to preparatory measures and sterile
draping, a 25-Gauge spinal needle was utilized to admin-
ister 15 mg of hyperbaric bupivacaine for spinal anesthe-
sia. Typically, this injection was performed at either the
L2-L3 or L3-L4 vertebral level to achieve the targeted
sensory blockade. Upon attaining the desired level of
sensory block, patient comfort was enhanced through
the intravenous administration of midazolam at a dose
of 0.07 mg/kg .Patients assigned to the intrathecal mor-
phine group (Group ITM) received an additional 400
mcg of intrathecal morphine, concurrently with 15 mg of
hyperbaric bupivacaine. This administration was metic-
ulously conducted using the same sterile syringe to up-
hold optimal aseptic conditions. For patients in the ge-
nicular block group (Group GB), only 15 mg of hyper-
baric bupivacaine was injected into the intrathecal
space.

2.3. Ultrasound guided genicular nerve block

In this study, genicular block interventions were per-
formed after inducing spinal anesthesia with 15 mg hy-
perbaric bupivacaine. In the genicular block group
(Group GB), a 5 ml solution of 0.25% bupivacaine was
carefully administered to each of the three genicular
nerves under ultrasound guidance. The procedure in-
volved blocking the superior medial genicular nerve
(SMGN), inferior medial genicular nerve (IMGN), and su-
perior lateral genicular nerve (SLGN).

For SMGN blockade, anatomical landmarks were
identified, including the medial femoral epicondyle and
adductor tubercle, and the block needle was guided to-
wards the superior medial genicular artery. For IMGN
blockade, landmarks such as the medial tibial epicondyle
and distal medial collateral ligament were used, guiding
the needle towards the inferior medial genicular artery.
The SLGN blockade involved visualizing the lateral fem-
oral epicondyle and the deep edge of the vastus lateralis
muscle, with the needle directed near the superior lat-
eral genicular artery. This meticulous and standardized
approach ensured precise nerve blockade for effective
pain management.

2.4. Postoperative analgesia management and the
evaluation of outcomes

All patients received scheduled analgesia comprising
intravenous paracetamol (3x1 g) and tenoxicam (2x20
mg). Following surgery, all patients from both study
groups were connected to a patient-controlled analgesia
device enabling the administration of tramadol (20 mg)
via bolus injection, without continuous infusion. The cu-
mulative tramadol consumption within the first 24
hours post-surgery was meticulously recorded, provid-
ing valuable insights into postoperative pain manage-
ment dynamics.

Critical parameters were systematically documented
for each patient during the initial 24-hour postoperative
period, including pain scores, tramadol consumption,
time to initial mobilization, and Modified Bromage Scale
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(MBS) scores. Numeric Rating Scale (NRS) scores were
used for pain intensity assessment and diligently rec-
orded at various time intervals, commencing with the
baseline (0 h) in the postoperative recovery room. Sub-
sequent assessments occurred at 2 hours, 6 hours, 12
hours, and 24 hours after the patient's transfer from the
recovery room to the ward.

Concurrently, MBS scores were consistently evalu-
ated at corresponding time points (0, 2, 6, 12, and 24
hours), categorized as follows: 0 = no motor block, 1 =
inability to fully extend the leg while retaining knee flex-
ion, 2 = inability to flex the knee but with unrestricted
foot movement, 3 = complete block, indicating no move-
ment of the leg or foot. Furthermore, meticulous docu-
mentation encompassed the quantification of opioid
consumption during the initial 24 hours following sur-
gery, along with the time taken for the initial mobiliza-
tion of patients."

2.5. Sample size estimation

Sample size determination for this study relied on
opioid consumption data obtained from a previous study
[12]. Calculations were performed using the G*Power V.
3.1.9.6 software. A total of 40 cases, distributed evenly
with 20 cases in each group, were determined as neces-
sary for this study, considering a 95% confidence level (1-
a),an 80% test power (1-f8), and an effect size of d = 0.812.
To account for potential data losses and dropouts, it was
prudent to initially screen a total of 50 patients, repre-
senting a 25% increase over the calculated sample size.

2.6. Statistical analysis

The analysis of the study data was performed using
IBM SPSS version 23. Normality of the data was assessed
using the Shapiro-Wilk Test. For parameters displaying
a normal distribution, comparisons between groups
were conducted using the Independent Samples t-Test.
Conversely, for parameters deviating from a normal dis-
tribution, the Mann-Whitney U Test was employed to en-
sure robust analysis across all data types. Regarding cat-
egorical data, group comparisons were made utilizing
Yates's correction and Fisher's Exact Test, as deemed ap-
propriate. Categorical variables were depicted through
median and min-max, while quantitative variables were
presented as both mean # standard deviation. The pre-
defined threshold for statistical significance was estab-
lished at p < 0.050. Additionally, given that NRS and MBS
scores were measured at five separate time frames, Bon-
ferroni correction was applied, and NRS and MBS assess-
ments were considered statistically significant at
p<0.001.

3. Results

In this study, 50 patients were initially enrolled, but 5
of them were subsequently excluded for various reasons.
Consequently, a total of 45 patients were included in the
analysis, with 22 in Group ITM and 23 in Group GB. Fig.
1, displayed as the CONSORT diagram, delineates the en-
rollment process for this study.
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When groups compared for descriptive, no significant
differences were observed between the groups in ASA
class and gender (p>0.05). However, a significant dispar-
ity was evident between the groups concerning the age
variable, with Group ITM exhibiting a younger patient
population. Furthermore, the ITM group displayed
shorter operation times, tourniquet times, and block ap-
plication times (p values: p=0.019, p=0.016, p<0.001, re-
spectively) as summarized in Table 1.

When comparing the groups based on Numeric Rating
Scale (NRS) scores at various time intervals, a diver-
gence in NRS scores was observed solely at the 12-hour
mark, with Group ITM exhibiting lower scores than
Group GB (p=0.002). However, the groups displayed

similarity in terms of pain scores at all other time inter-
vals (Table 2). The median values of the MBS scores, as-
sessed at various time intervals, did not exhibit statisti-
cally significant variations between the groups
(p>0.050) (Table 2).

A statistically significant difference was observed in
opioid consumption between the groups (p=0.028).
However, the median values for the time to the first mo-
bilization did not exhibit statistically significant differ-
ences between the groups (p=0.102). (Table 3). Further-
more, no complications, such as nausea, vomiting, or
itching, were reported in any of the cases within the ini-
tial 24 hours postoperatively.

Table 1. Comparison of quantitative sociodemographic characteristics between groups.

Group ITM Group GB P value
Age (year) 64.09 +11.47 70.57 £ 7.6 0.043*
Weight (kg) 83.27 +17.77 83.52 +15.26 0.555
Height (cm) 170.18 + 8.59 171.87 £10.78 0.566
Operation time (min) 65.91 +£19.13 80.22 £+ 23.33 0.019*
Duration of tourniquet application (min) 5991 +18.71 73.39+21.21 0.016*
Block administration time (min) 3.82+2.79 12.39 £3.17 <0.001*
Gender (n, %)
Male 12 (54.5) 14 (60.9)
0.899
Female 10 (45.5) 9(39.1)
ASA (n, %)
2 20 (90.9) 15 (65.2)
0.071
3 2(9.1) 8 (34.8)

The data are presented as mean * standard deviation or number (%).

*p<0.05

Table 2. Comparison of NRS and MBS scores between groups.

Group ITM Group GB P value
Baseline NRS 0(0-0) 0(0-0) 1.000
2-hour NRS 0(0-2) 0(0-5) 0.978
6-hour NRS 0(0-6) 1(0-8) 0.115
12-hour NRS 1(0-5) 2(0-8) 0.005
24-hour NRS 0(0-7) 1(0-6) 0.027
Baseline MBS 3(3-3) 3(3-3) 1.000
2-hour MBS 1(0-3) 1(0-3) 0.925
6-hour MBS 0(0-1) 0(0-2) 0.625
12-hour MBS 0(0-1) 0(0-2) 0.311
24-hour MBS 0(0-0) 0(0-0) 1.000

The data are presented as min-max.

NRS: Numeric rating score; MBS: Modified bromage score.
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Table 3. Comparison of time to first mobilization and amount of tramadol consumption between groups.

Group ITM Group GB P value
Time to first mobilization (hour) 13.05 £ 5.96 16.39 + 7.37 0.102
Tramadol consumption (mg) 35.45 + 54.84 60 +37.17 0.028

The data are presented as mean * standard deviation.

4., Conclusions

Based on the findings from our study, it was evident
that tramadol consumption within the initial 24-hour pe-
riod was notably lower in ITM group when compared to
GM group. Moreover, the Numeric Rating Scale (NRS)
scores exhibited a similar pattern in both groups, with
no substantial differences observed at the 0, 2, 6 and 24
hours intervals during the measured. However, it is sig-
nificant that a distinct difference in NRS scores emerged
at the 12th hour mark, with the ITM group displaying
significantly lower scores compared to the GM group.In
a study on the prophylactic use of pentoxyphiline to pre-
serve postoperative organ functions in elderly patients
undergoing cardiac surgery, liver, kidney, and endothe-
lial damage was found to be less in patients [6].

In a comprehensive study centered on knee arthro-
plasties, femoral and sciatic nerve blocks were ingen-
iously combined with a genicular block [15]. Within the
femoral and sciatic block group, notably lower Numeric
Rating Scale (NRS) scores and reduced opioid consump-
tion were observed by the researchers. While our study
did not directly compare two distinct peripheral nerve
block techniques, certain similarities exist between our
findings and the outcomes reported by Giimiiskanat et al.
[15]. Specifically, our study demonstrated a discernible
reduction in opioid consumption in the intrathecal mor-
phine group when compared to the genicular block
group.

Expanding beyond the genicular block, a spectrum of
pain management options after total knee arthroplasty
extends to techniques like the interspace between the
popliteal artery and the capsule of the posterior knee
(iPACK) block, selective tibial nerve block, adductor ca-
nal block, and even combinations of these distinct blocks
[16-20].

In a notable anatomical study by Fonkoué et al. [21],
the intricate distribution of knee joint nerves was me-
ticulously explored using 21 lower limbs dissected from
21 cadavers. Their study shed light on the comprehen-
sive innervation of various knee joint components,
demonstrating that the medial portion of the knee cap-
sule and the retinaculum find their innervation from
multiple sources, including the vastus medialis nerve,
saphenous nerve, anterior branch of the obturator
nerve, and the inferior medial genicular nerve taking
origin from the sciatic nerve. Innervation of the super-
olateral aspect of the knee joint is attributed to the sci-
atic nerve and the vastus lateralis nerve, while the infer-
olateral portion receives its supply from the fibular
nerve. The posterior aspect of the knee capsule, in turn,
receives innervation from the tibial nerve, a terminal
branch of the sciatic nerve, and the posterior branches
of the obturator nerve [21].

The genicular nerve block, traditionally used for man-
aging chronic knee pain related to osteoarthritis, has re-
cently gained significance in postoperative pain manage-
ment after knee surgery within multimodal analgesic
strategies [20]. Yasar et al. [22] conducted anatomical
dissections on 6 cadavers, consistently visualizing
nerves in 12 dissections focused on superior medial ge-
nicular nerve and inferior medial genicular nerve blocks.
These ultrasound-guided blocks, guided by anatomical
landmarks, were found to be viable and successful for
these specific nerves. In our study, Group GB demon-
strated effective pain relief during most of the measured
time intervals (0, 2, 6 hours) compared to Group ITM.
Only at the 12 and 24-hour marks did Group ITM report
lower Numeric Rating Scale (NRS) scores. This differ-
ence in pain perception could be attributed to the ex-
tended half-life of morphine. Importantly, our results
align with existing literature, affirming the efficacy of ge-
nicular blocks in postoperative pain management fol-
lowing knee surgery.

In a study by Kukreja et al. [13] involving 52 cases of
primary knee arthroplasty, 26 patients received an ad-
ductor canal block, while an equivalent number under-
went a combination of adductor canal block along with
superolateral, superomedial, and inferomedial genicular
nerve blocks. Interestingly, the group that received the
combined genicular nerve and adductor canal block
showed significantly lower Numeric Rating Scale (NRS)
scores six hours after surgery. Moreover, there was a no-
table reduction in morphine consumption observed in
the 6 to 12-hour period among patients who received the
combined block [13]. In our study, our approach di-
verged as we independently administered blocks to the
inferior medial, superior medial, and superior lateral ge-
nicular nerves, rather than combining them as done by
Kukreja et al. However, akin to their results, we also ob-
served lower NRS scores in the intrathecal morphine
group at the 12 and 24-hour intervals. Essentially, our
observed analgesic duration for the genicular block
aligns with the findings detailed in the study by Kukreja
etal.

In clinical practice, opioids have long held the es-
teemed status of being the 'gold standard' for postoper-
ative pain management, with morphine playing a prom-
inent role in this domain [23]. Among these opioids, in-
trathecal administration of morphine emerges as a par-
ticularly appealing regional technique, setting it apart
from its epidural counterpart. Notably, this approach is
characterized by its simplicity, expediency, and signifi-
cantly reduced susceptibility to technical complications
and infection risks when compared to epidural admin-
istration [24]. Synthesizing findings across diverse stud-
ies, a collective narrative emerges that underscores the
utility of intrathecal opioids in reducing postoperative
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pain, as demonstrated by a decrease in Numeric Rating
Scale (NRS) scores. Simultaneously, it diminishes the ne-
cessity for supplementary analgesic interventions
among patients [25-27].

In a placebo-controlled study by Kaczocha et al. [28]
involving total knee arthroplasty, two groups were
formed. One group received intrathecal morphine, while
the other received intrathecal saline as a placebo, with
all patients undergoing general anesthesia. The study re-
vealed reduced postoperative pain scores in the in-
trathecal morphine group. Additionally, the results indi-
cated that morphine influenced endogenous canna-
binoid and cortisol levels, impacting immune functions
by attenuating leukocyte activities.

There are several limitations to our study that should
be acknowledged. One constraint arises from our focus
on monitoring patients solely within the initial 24 hours
postoperatively, which prevented us from assessing the
potential long-term effects of the administered blocks on
pain scores and complications. Extending our postoper-
ative observations to a 48-hour period could have pro-
vided a more comprehensive perspective. Furthermore,
our study was conducted with a relatively restricted pa-
tient population, and the absence of a larger sample size
might be considered another limitation.

In conclusion, we observed that intrathecal morphine
administration led to a more substantial reduction in cu-
mulative rescue opioid consumption at 24 hours com-
pared to genicular block. However, NRS scores remained
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