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Abstract

Objectives: Total knee arthroplasty (TKA) serves as an effective surgical treatment method for
advanced osteoarthritis (OA). Nonetheless, it is associated with postoperative pain that can influence
patients’ functional outcome. This study aimed to compare the analgesic effect of subperiosteal and
periarticular injection methods of a special local anesthetic in patients who underwent TKA.

Methods: This double-blind prospective clinical study was conducted on patients with advanced knee OA who
underwent TKA. Patients were randomly divided into two groups, with a local anesthetic (21 ml) administered either
in periarticular (P group) or subperiosteal (S group) forms prior to wound closure. The local anesthetic consisted of
lidocaine 2% (15 cc), dexmedetomidine (1 cc), and marcaine 0.5% (5 cc). A study-blinded orthopedic resident
recorded postoperative pain levels using a 10-point visual analogue score (VAS) (0 indicating no pain, 10 indicating
worst pain) at 6, 12, 24, and 48 hours after surgery.

Results: A total of 40 patients (P and S group; n=20 each), consisting of 10 males (mean age=67.4 years old),
were included in this study. The intensity of pain in the S group was significantly lower than in the P group 24 hours
after surgery (mean VAS scores in the P group: 4+1 vs. the S group: 3.3£0.7, P=0.024). Furthermore, VAS scores
at 6, 12, and 48 hours post-surgery were lower in the S group compared to the P group; however, the difference
was not statistically significant (P>0.05).

Conclusion: Our study indicated that subperiosteal injection of lidocaine, dexmedetomidine, and marcaine is more
effective than periarticular injection, providing effective postoperative pain management after TKA.

Level of evidence: Il
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Introduction
I otal knee arthroplasty (TKA) is a commonly
performed surgical procedure for advanced knee
osteoarthritis (OA) with high success rates.!
Postoperative pain is among the main issues for patients
who undergo TKA, and it is directly related to surgical
trauma.?® About 60% of patients undergoing TKA
experience severe postoperative pain, and approximately
30% experience moderate pain.3 Postoperative pain is
associated with increased rates of complications,
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morbidity, and a delayed recovery process.*¢ Early
postoperative pain management can result in reduced
hospital stays, increased patient satisfaction, and improved
rehabilitation.3# It also reduces the risk of postoperative
complications such as pneumonia or deep vein
thrombosis.*5 Pain control can be achieved in several ways,
each with its own risks and benefits. Although epidural
anesthesia is a commonly effective method for pain relief
during the postoperative period, it hinders early
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movement and leads to complications such as hypotension,
postoperative headache, and spinal infection.” Regional
nerve blocks carry the risk of damaging neurovascular
structures, hematoma formation, and infection.5 Systemic
opioids such as morphine or fentanyl can cause nausea,
vomiting, drowsiness, respiratory depression, urinary
retention, and constipation.”8

Local pain control represents an innovative approach to
pain management due to its lower complication rates and
rapid-acting effects. This achievement has been facilitated
through local intra-articular or periarticular injections of
analgesic compounds that exhibit high effectiveness,
affordability, and ease of prescription, all without impeding
movement. Furthermore, it does not necessitate any
specialized technical skills.? Several studies have reported
promising results regarding periarticular injections of
various drug combinations, including ketorolac,
ropivacaine, bupivacaine, morphine sulfate, epimorphine,
methylprednisolone, cefuroxime, epinephrine, and normal
saline.1%12 Lidocaine, dexmedetomidine, and marcaine are
among the safe and effective pain relief methods that have
demonstrated efficacy in controlling pain following various
orthopedic procedures.1317 However, to the best of our
knowledge, no research has evaluated the analgesic effect of
a combination of these drugs in patients undergoing TKA.
Additionally, it remains unknown whether subperiosteal or
periarticular approaches induce stronger patient-related
outcomes, including pain relief. Therefore, this study aims
to compare pain scores using special local anesthetics
containing lidocaine 2% (15 cc), dexmedetomidine (1 cc),
and marcaine 0.5% (5 cc) applied via either subperiosteal
and periarticular methods, in two groups of patients
undergoing TKA. We hypothesized that there is no
significant difference in pain intensity between
subperiosteal and peri-articular injections of the local
anesthetic after TKA.

Materials and Methods

This study was a double-blind, prospective investigation
conducted from April 2022 to February 2023 at Akhtar
Orthopedic Hospital in Tehran, Iran. The study comprised 40
patients with 40 knees OA who were undergoing TKA.
Inclusion criteria encompassed individuals aged between 50
and 85 years, categorized as American Society of
Anesthesiologists (ASA) physical status I or II, possessing a
body mass index (BMI) ranging from 20 to 35. Additionally,
participants were required to possess a comprehensive
understanding of the study objectives and provide their
consent for participation. Exclusion criteria were as follows:
patients with a known allergy to the drugs employed in this
study, usage of analgesics or non-steroidal anti-
inflammatory drugs (NSAIDs) within 24 h before surgery,
individuals with chronic kidney disease or chronic liver
disease, uncontrolled diabetes, those ineligible for spinal
anesthesia, and individuals with a history of addiction. Prior
to engaging in the study, written consent was obtained from
all the participants.

After transferring the patients to the operating room,
peripheral oxygen saturation, non-invasive blood pressure,
and electrocardiogram monitoring were conducted. Spinal
anesthesia was induced using marcaine 7.5 mg/mL. The
surgery was performed with the application of a tourniquet.

SUBPERIOSTEAL AND PERIARTICULAR INJECTIONS FOR TKA

All patients underwent the procedure through an anterior
midline incision. The patients were randomly divided into
two groups using the sealed-envelope method:

1. Group S - Subperiosteal injection of lidocaine 2% (15 cc),
dexmedetomidine (1 cc), and marcaine 0.5% (5 cc) before
wound closure using a 21-gauge needle.

2. Group P - Periarticular injection of lidocaine 2% (15 cc),
dexmedetomidine (1 cc), and marcaine 0.5% (5 cc) before
wound closure using a 21-gauge needle.

The above local anesthetic was formulated by a pain
specialist based on their clinical experience and previous
studies.!820 the periarticular injections were administered
into the posterior capsule, medial
capsule/synovium/periosteum, quadriceps tendon, and
lateral capsule/synovium/periosteum after implantation.
The subperiosteal injections were administered to the
subperiosteal of the distal femur and proximal tibia. All
surgeries and local anesthetic injections were performed by
the same surgeon at our hospital. One surgeon (RM)
participated in all surgeries. None of the patients received
patient-controlled analgesia or a peripheral nerve block. In
all cases, a prosthesis with an incised posterior cruciate
ligament was utilized. The same prosthesis was used for all
patients.

During the postoperative period, Acetaminophen (Exir
Pharmaceutical Company, Tehran, Iran) (1000 mg) was
administered intravenously every 12 h for the first two days,
followed by 25 mg of methadone in the initial 6 h after
surgery, and Acetaminophen (Dana Pharmaceutical
Company, Tehran, Iran) 500 mg capsules were taken three
times a day for the subsequent 10 days. While hospitalized,
patients after surgery were prescribed 40 mg of
subcutaneous Enoxaparin prophylaxis once daily and then
81 mg of oral aspirin every 12 h for six weeks. Patients began
using a walker 12 h after surgery, and a full range of motion
(ROM) and isometric exercises were initiated. All patients
were observed until discharge and received regular follow-
up.

Postoperative pain in each knee was separately recorded
by a study-blinded orthopedic resident using a 10-point
visual analogue score (VAS) ranging from 0 to 10, where 0
indicated no pain, and 10 represented the worst imaginable
pain, at 6, 12, 24, and 48 h postoperatively. The VAS is a
commonly utilized tool in various research studies,
particularly in the field of pain assessment.?122 This
subjective measure provides researchers with valuable
insights into the individual's pain perception, allowing for a
quantitative assessment of pain severity and enabling
comparisons across different interventions, conditions, or
populations.2122

Adverse events, including allergic reactions, nausea,
vomiting, urinary retention, or respiratory depression, were
monitored until patients were discharged. Patient
demographic information, including age, ethnicity, gender,
body mass index, hemoglobin levels, and history of deep vein
thrombosis or infection, as well as the length of hospital stay,
was extracted from the patient’s medical records. This study
was approved by the Research Ethics Committee of Shahid
Beheshti University of Medical Sciences
(IR.SBMU.MSP.REC.1402.039), and written informed
consent was obtained from all patients before participation
in the study.
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Statistical Analysis

Statistical analyses were performed using Statistical

Package for the Social Sciences (SPSS, version 26).
Continuous variables were presented as mean #* SD. To
compare the means of two independent groups, an
independent t-test was employed. Categorical data were
analyzed using Fisher's Exact Test. The non-parametric
Friedman'’s analysis of variance by ranks was utilized to
assess differences among multiple related groups. For
assessing within-subject effects over time, repeated
measures Analysis of Variance (ANOVA) was performed.

To determine the sample size, a pilot study was performed
with five participants in each group. Based on the mean and
standard deviation of the VAS score at 24 h, we found that a
minimum of 18 individuals per group is necessary. The
following formula was used:

n=[(Z1-0/2 + Z1-B) 2 *{612 + 622}]/ (u1 - p2)2

- Significance level (Alpha): 0.05

- Study power (Beta): 0.8

- Standard deviation group 1: 1.1

SUBPERIOSTEAL AND PERIARTICULAR INJECTIONS FOR TKA

- Standard deviation group 2: 0.7

- Mean group 1: 3.4

- Mean group 2: 2.7

A total of 63 participants were screened to assess
eligibility. Out of 63 participants, 23 did not meet our
inclusion criteria. The calculated sample size was 18 for each
group; however, considering the dropouts, we decided to
enroll 20 patients in each group.

Results

A total of 40 patients (10 male and 30 female) were
included in our study. [Figure 1] indicates the patient
selection process. The mean age of participants in the P and
S groups was 67.8 £ 5.6 and 67 * 7.6, respectively. [Table
1] presents the demographic characteristics of patients in
the S and P groups. No significant differences were
observed across all demographic variables except BMI
(P=0.033) between the P and S groups.
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Figure 1. Study flow diagram

‘ SUBPERIOSTEAL AND PERIARTICULAR INJECTIONS FOR TKA

Table 1. Participants demographic characteristics

Variable P group (n=20) S group (n=20) P-value
Age, y (mean+SD) 67.8+5.6 67+7.6 0.689
Gender, male (n, %) 3 (15%) 7 (35%) 0.273
BMI (kg/m2) (mean+SD) 26.6x2.5 25%2.2 0.033
DM (n, %) 5(25%) 7 (35%) 0.731
HTN (n, %) 12 (60%) 10 (50%) 0.525

BMI: body mass index, DM: diabetes mellitus, HTN: hypertension

In the P group, two patients were unable to perform full
weight bearing (FWB) by the end of the first or second
postoperative day. In the S group, all patients were able to
achieve FWB on the first or second postoperative day.
However, the difference in FWB rates between the two
groups was not statistically significant (P=0.487). Thirty
percent of the patients in the P group and twenty percent
of the patients in the S group required a blood transfusion,
and this difference between the two groups was not
significant (P=0.716).

The VAS values for both groups are presented in [Table
2]. The pain intensity at 6, 12, and 48 h following surgery

Table 2. Visual analogue scale values for both groups

was lower in the S group compared to the P group;
however, the difference between the two groups was not
statistically significant (P>0.05). Furthermore, the VAS
score was significantly lower in the S group compared to
the P group 24 h following surgery (3.3+0.7 vs. 4+1;
P=0.024). The results of the repeated measures ANOVA
provide insights into the dynamic changes in pain scores
over time and between the two study groups. With a
calculated P-value of 0.21, the observed trends in pain
relief did not appear to demonstrate a statistically
significant divergence between group S and group P
[Figure 2, Table 2].

We observe no complications due to injection in our
study. None of the patients developed any adverse events,
including infections.

VAS values P group
6 h, mean+SD 5.2+1.2
12 h, mean+SD 4.8+1.6
24 h, mean+SD 4+1

48 h, mean+SD 2.4+0.8

S group P-value
4.9+1 0.445
49+1.3 0.529
3.3+0.7 0.024
2.2+0.8 0.369

VAS: visual analogue scale
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-—periarticular group

6h 12 h 24 h

Figure 2. Figure 2. Visual analogue scale of both groups

Discussion

In this study, our objective was to compare the effectiveness
of periarticular and subperiosteal injections of a special local
anesthetic containing lidocaine, dexmedetomidine, and
marcaine for managing postoperative pain, as measured by
VAS scores at 6,12, 24, and 48 h after TKA. The results of this
study indicated that the subperiosteal injection of a special
local anesthetic provides a significantly greater analgesic
effect compared to periarticular injection at 24 h post-
surgery. However, no significant difference in VAS scores
was observed between the periarticular and subperiosteal
groups at 6, 12, and 48 h after surgery. Furthermore, both
types of injections were found to be safe, with no adverse
events. To the best of the authors' knowledge, this study is
the first research comparing periarticular and subperiosteal
injection methods in TKA.

As mentioned, TKA is associated with postoperative pain,
which can lead to an increased complication rate, lower
quality of life, higher costs, and impaired overall functional
outcomes.323 Severe pain may also resultin bone loss, severe
deformity, and limited ROM.%* Early postoperative
management is crucial for rapid recovery, a reduced
complication rate, patient satisfaction, and improved
function.?> The pain experienced after TKA is attributed to
trauma to intra-articular and capsular structures during
surgery, which stimulates free nerve endings and afferent
nociceptors, leading to the release of inflammatory factors
such as histamine.z326 Surgical trauma during TKA alters the
central nervous system through peripheral and central
sensitization.26 Tourniquet use during TKA can also cause
trauma to bones and soft tissues, as well as hyperperfusion.!8
Local anesthetics are considered more effective and safer

SUBPERIOSTEAL AND PERIARTICULAR INJECTIONS FOR TKA

-—=SUubperiosteal group

48 h

than general anesthetics because they bypass systemic
effects and target the source of pain in the subcutaneous
layer, intra-articular, and capsular areas.?’” Several studies
have demonstrated the efficacy of local anesthetics methods
in orthopedic surgery.1928 For instance, Busch et al. found
that patients who underwent TKA and received a
periarticular injection had a significantly lower requirement
for patient-controlled analgesia 12 h after surgery compared
to patients who did not receive an injection.’® No serious
adverse events were reported during this study.0

The results of our study are consistent with previous studies
that indicated subperiosteal local anesthetic injection is a
more effective treatment method for pain management
compared to periarticular injection.52930 This effectiveness
could be attributed to the injection of the local anesthetic
beneath the periosteum of the bone, which is rich in small
blood vessels and unmyelinated nerve terminal.3!
Furthermore, the combination of anti-inflammatory agents,
such as dexamethasone, with local anesthetics agents, as
used in our study, may extend analgesic effects within the
bone periosteum.28 Although VAS scores were consistently
lower in the S group in comparison with the P group across
all time points, statistical significance was only achieved at
the 24-hour post-surgery mark. This finding is similar to a
study by Serbest et al. In which patients who received the
subperiosteal local anesthetic injection exhibited lower pain
scores on the first day after surgery.32 notably, no serious
adverse events were documented during this study.3? we
posit that this could be attributed to differing half-lives of
medications employed in our local anesthetic. Specifically,
the half-lives of lidocaine, dexmedetomidine, and marcaine
are approximately 1.5 to 2 h, 2 h, and 2.7 h, respectively.33-35
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Our results indicated that there may not be a statistically
significant difference in pain relief trends between the two
groups over the measured time periods. This outcome
suggests that the initial observed reduction in pain levels for
the S group at the 24 h post-surgery mark may not be
consistently maintained across subsequent time points.
While this particular P-value does not meet the conventional
threshold for statistical significance, it is important to note
that the clinical significance of the observed pain score
differences may still hold relevance. Further investigation
and consideration of clinical implications are necessary to
fully interpret these findings.

This study had several limitations. Most importantly, it
lacked a control group. The absence of a control group was
attributed to the limited availability of a sufficient number of
patients for inclusion in the study. Consequently, we opted to
solely compare subperiosteal and periarticular injection
methods, as previous studies indicated the analgesic efficacy
of the compounds within the local anesthetic, but their
relative superiority remained unknown.!*16 Another
limitation pertained to the small sample size and short
follow-up period. Additionally, we did not measure VAS
separately at rest, motion, and nighttime. Future studies with
large sample sizes and proper control groups are essential to
further evaluate the analgesic effect of this local anesthetic
and compare the subperiosteal and periarticular methods.

SUBPERIOSTEAL AND PERIARTICULAR INJECTIONS FOR TKA

Conclusion

In conclusion, the findings of our study demonstrated that
subperiosteal injection of a local anesthetic containing
idocaine, dexmedetomidine, and marcaine provides more
effective postoperative analgesia than periarticular injection
24 h following TKA. Furthermore, larger prospective
randomized comparative studies using these agents in both
periarticular and subperiosteal injections are needed to
confirm our results.
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