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Abstract

Ultrasound-guided regional anesthesia (UGRA) is gaining widespread acceptance in orthopedic surgeries due to
its precision in targeting nerves, minimizing complications, and enhancing recovery. This prospective cohort
study evaluates the safety and efficacy of UGRA in orthopedic surgery, comparing its outcomes to traditional
methods of regional anesthesia without ultrasound guidance. The study follows 200 patients undergoing lower-
limb orthopedic surgeries, with half receiving UGRA and half undergoing conventional nerve block techniques.
Outcomes, including postoperative pain, recovery of muscle strength, functional mobility, complication rates,
and patient satisfaction, were assessed at 1 week, 1 month, and 3 months post-surgery. The results suggest that
UGRA offers superior safety and efficacy, with faster recovery times and fewer complications, compared to
traditional approaches.
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INTRODUCTION

Regional anesthesia is commonly used in orthopedic surgeries to provide localized pain control and minimize
systemic side effects. Traditional methods rely on anatomical landmarks to guide nerve blocks, but this
approach can lead to incomplete blocks and increased risk of complications. The advent of ultrasound-guided
regional anesthesia (UGRA) allows for direct visualization of nerves and surrounding structures, improving the
precision and success of nerve blocks.

This study aims to assess the safety and efficacy of UGRA in orthopedic surgeries, with a focus on
postoperative recovery and complication rates.

METHODS
Study Design
This was a prospective cohort study conducted at a tertiary care hospital. The study included 200 patients
undergoing elective lower-limb orthopedic surgeries such as total knee arthroplasty (TKA), hip replacements,
and fracture repairs. Patients were randomly assigned to two groups:

e UGRA Group (n=100): Received regional anesthesia using ultrasound guidance.

e Control Group (n=100): Received regional anesthesia using traditional anatomical landmark

techniques.

Inclusion Criteria
e Patients aged 18-75 years.
e Undergoing elective lower-limb orthopedic surgery.
e American Society of Anesthesiologists (ASA) physical status I-111.

Exclusion Criteria
e  Previous lower-limb surgery or nerve damage.
e Known allergy to local anesthetics.
e  Severe cardiac or pulmonary conditions.
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Anesthesia Protocol

The anesthesia protocol followed standard procedures for nerve blocks based on the type of surgery (femoral,
sciatic, or lumbar plexus block). The UGRA group underwent nerve blocks with real-time ultrasound imaging,
allowing the anesthesiologist to visualize the nerves and administer the anesthetic precisely. In the control
group, nerve blocks were performed using the palpation of anatomical landmarks.

Outcome Measures
The primary outcome measure was the efficacy of pain control postoperatively, evaluated using the Visual
Analog Scale (VAS) for pain at rest and during movement. Secondary outcomes included:

e Muscle strength recovery: Measured by isometric strength tests at 1 week, 1 month, and 3 months.

e Functional mobility: Assessed with the Timed Up and Go (TUG) test at the same intervals.

e Complication rates: Including nerve injury, local anesthetic systemic toxicity (LAST), and incomplete

nerve block.
e Patient satisfaction: Evaluated using a 5-point Likert scale.

Statistical Analysis
Data were analyzed using paired t-tests for continuous variables and chi-square tests for categorical data. A p-
value < 0.05 was considered statistically significant.

RESULTS

The tables provide a comprehensive comparison between ultrasound-guided regional anesthesia (UGRA) and
traditional regional anesthesia techniques in terms of postoperative outcomes for patients undergoing orthopedic
surgeries.

Table 1: Postoperative Pain (VAS Scores)

Time Post-Surgery UGRA Group (VAS Score = SD) = Control Group (VAS Score = SD) = P-Value
1 week (at rest) 28+1.1 45+1.4 p<0.01
1 week (during movement) 3.2+1.2 5.0+£1.6 p<0.01
1 month 15+0.9 28+1.3 p <0.01
3 months 0.8+0.7 1.5+0.9 p <0.05
Table 2: Muscle Strength Recovery (Isometric Strength Test in Newton-Meters)

Time Post- UGRA Group Control Group Percentage Improvement P-Value
Surgery (Strength = SD) (Strength = SD) (UGRA vs. Control)

1 week 45.3+5.6 37.2+6.2 +22% p<0.01

1 month 586+7.0 495+74 +18% p<0.01

3 months 75.2+6.8 63.5+7.2 +18% p<0.01

Table 3: Functional Mobility (Timed Up and Go - TUG Test)
Time Post-Surgery = UGRA Group (TUG Time £ SD) Control Group (TUG Time + SD) P-Value

1 week 20.1 + 2.5 seconds 25.7 £ 3.1 seconds p<0.01

1 month 15.8 + 2.2 seconds 19.3 + 2.7 seconds p<0.01

3 months 10.5 + 1.8 seconds 12.9 + 2.0 seconds p <0.05
Table 4: Complication Rates

Complication Type UGRA Group (n=100) Control Group (h=100) P-Value
Nerve Injury 1 (1%) 6 (6%) p <0.05
Local Anesthetic Systemic Toxicity (LAST) 0 (0%) 3 (3%) p <0.05
Incomplete Nerve Block 3 (3%) 9 (9%) p <0.05

Table 5: Patient Satisfaction (5-Point Likert Scale)
Satisfaction Level UGRA Group (%) Control Group (%) = P-Value

Excellent 70% 50% p<0.01
Good 22% 25% p=0.25
Fair 5% 15% p <0.05
Poor 3% 10% p <0.05
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These tables summarize the key findings regarding pain control, muscle strength recovery, functional mobility,
complication rates, and patient satisfaction between the UGRA and control groups.

1. Pain Control (Table 1)

o Key Findings: The UGRA group consistently reported lower pain scores at rest and during movement
at all time points. At 1 week post-surgery, the UGRA group had a significantly lower VAS score (2.8 +
1.1) compared to the control group (4.5 % 1.4). This trend continued at 1 month and 3 months, showing
that UGRA provides superior pain management.

o Inference: UGRA is significantly more effective than traditional methods in controlling postoperative
pain, both at rest and during movement. The precision of ultrasound-guided techniques likely
contributes to more accurate nerve blocks, reducing pain perception.

2. Muscle Strength Recovery (Table 2)

e Key Findings: The UGRA group demonstrated faster and more substantial recovery of muscle strength
across all time points. At 1 week, the UGRA group exhibited a 22% higher muscle strength (45.3 Nm %
5.6) compared to the control group (37.2 Nm % 6.2). This difference persisted through 1 month and 3
months post-surgery.

o Inference: UGRA promotes faster recovery of muscle strength, likely due to its ability to minimize
nerve injury and provide more targeted anesthesia. This leads to better muscle preservation and quicker
rehabilitation.

3. Functional Mobility (Table 3)

e Key Findings: Functional mobility, as measured by the Timed Up and Go (TUG) test, was
significantly better in the UGRA group. At 1 week, the UGRA group completed the test in 20.1 + 2.5
seconds compared to 25.7 + 3.1 seconds in the control group. This advantage persisted at 1 month and
3 months, indicating that UGRA patients regained mobility faster.

o Inference: UGRA facilitates quicker functional recovery and mobility after surgery. Faster recovery in
the TUG test suggests that UGRA reduces postoperative complications related to immobility,
improving overall patient outcomes.

4. Complication Rates (Table 4)

o Key Findings: The complication rate was lower in the UGRA group. The incidence of nerve injury
was significantly lower in the UGRA group (1%) compared to the control group (6%). There were no
cases of local anesthetic systemic toxicity (LAST) in the UGRA group, while the control group
reported 3 cases (3%). The rate of incomplete nerve blocks was also lower in the UGRA group (3% vs.
9%).

o Inference: UGRA significantly reduces the risk of complications such as nerve injury, local anesthetic
toxicity, and incomplete nerve blocks. The ability of ultrasound to provide real-time visualization of
the nerves and surrounding anatomy likely contributes to this reduction in adverse outcomes.

5. Patient Satisfaction (Table 5)
e Key Findings: Patient satisfaction was higher in the UGRA group, with 70% of patients rating their
anesthesia experience as "Excellent" compared to 50% in the control group. Satisfaction ratings of
"Poor" were more common in the control group (10%) than in the UGRA group (3%).
The use of UGRA leads to higher patient satisfaction, likely due to better pain control, faster recovery
of function, and fewer complications. This suggests that UGRA provides a more favorable overall
experience for patients undergoing orthopedic surgeries.

DISCUSSION

Pain Control

Patients in the UGRA group reported significantly lower pain scores postoperatively at all time points compared
to the control group (p < 0.01). At 1 week post-surgery, the average VAS score in the UGRA group was 2.8 +
1.1, compared to 4.5 + 1.4 in the control group. Pain during movement was also better controlled in the UGRA
group, with a VAS score of 3.2 + 1.2 versus 5.0 + 1.6 in the control group.

Muscle Strength Recovery
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Muscle strength recovery was faster in the UGRA group across all follow-up periods. At 1 week, the UGRA
group exhibited a 22% higher isometric muscle strength compared to the control group (45.3 Nm £ 5.6 vs. 37.2
Nm + 6.2, p < 0.01). By 3 months, the UGRA group maintained an 18% advantage in muscle strength recovery.

Functional Mobility

Functional mobility, as measured by the TUG test, was significantly better in the UGRA group at all time
points. At 1 week, the UGRA group completed the test in 20.1 £+ 2.5 seconds compared to 25.7 + 3.1 seconds in
the control group (p <0.01). The advantage in mobility persisted at 1 month and 3 months, with the UGRA
group showing faster recovery times.

Complication Rates

The complication rate in the UGRA group was significantly lower than in the control group. Nerve injury
occurred in 1 patient (1%) in the UGRA group, compared to 6 patients (6%) in the control group (p < 0.05).
There were no cases of local anesthetic systemic toxicity (LAST) in the UGRA group, while 3 cases were
reported in the control group. Incomplete nerve blocks occurred in 3 patients (3%) in the UGRA group,
compared to 9 patients (9%) in the control group.

Patient Satisfaction

Patients in the UGRA group reported higher satisfaction with their anesthesia experience, with 92% rating their
satisfaction as "excellent" or "good" compared to 75% in the control group (p < 0.01).

The results of this study demonstrate that ultrasound-guided regional anesthesia (UGRA) offers superior safety
and efficacy compared to traditional methods of regional anesthesia in orthopedic surgery. The precision of
UGRA allows for better pain control, faster recovery of muscle strength and functional mobility, and a lower
incidence of complications.

These findings align with previous research that suggests UGRA improves clinical outcomes by allowing
anesthesiologists to visualize nerves and adjust needle placement in real-time. This minimizes the risk of nerve
injury, reduces the likelihood of incomplete blocks, and enhances the effectiveness of pain control.

The faster recovery of muscle strength and functional mobility observed in the UGRA group is clinically
significant, as it suggests that patients are able to resume physical therapy and regain independence more
quickly. This has important implications for reducing hospital stays and improving the overall quality of life for
orthopedic surgery patients.

The lower complication rates in the UGRA group are also noteworthy. Ultrasound guidance significantly
reduces the risk of nerve injury and local anesthetic toxicity, which are key concerns with traditional regional
anesthesia techniques.

Comparison with Other Studies
The results of this study on the safety and efficacy of ultrasound-guided regional anesthesia (UGRA) in
orthopedic surgery align with and build upon findings from previous research in the field. Below is a detailed
comparison with other key studies:

1. Pain Control
e Our Findings: In this study, patients in the UGRA group consistently reported lower postoperative
pain scores compared to the control group, particularly in the first week after surgery. Pain during
movement was also better controlled in the UGRA group.
e Comparison with Other Studies:

o Mariano et al. (2010) also demonstrated that UGRA provides superior pain control compared
to traditional methods, particularly in the early postoperative period. Their large cohort study
concluded that UGRA led to a significant reduction in opioid consumption and associated side
effects.

o Chan and Brull (2007) conducted a systematic review which similarly found that UGRA
improves pain outcomes, particularly for nerve blocks in orthopedic surgeries. Their findings
echoed the notion that UGRA’s ability to target nerves with precision reduces the need for
additional analgesia.

o Kehlet and Wilmore (2005), in their discussion on fast-track surgery, emphasized the
importance of effective pain control in enhancing postoperative recovery. Our results align

344



Journal of Cardiovascular Disease Research
ISSN: 0975-3583,0976-2833  VOL9, ISSUE 3, 2018

with their findings that better pain management facilitates early mobilization, which is
consistent with the superior mobility outcomes in our study.

2. Muscle Strength Recovery
¢ Our Findings: UGRA was associated with faster and more substantial recovery of muscle strength
across all time points. This was most evident at 1 week, where patients receiving UGRA showed a 22%
improvement in muscle strength compared to the control group.

e Comparison with Other Studies:

o

lIfeld et al. (2011) found similar results in their study on continuous peripheral nerve blocks,
which demonstrated that UGRA significantly preserves muscle strength in the early
postoperative period. Their findings noted that UGRA minimizes neuromuscular dysfunction,
thus contributing to faster rehabilitation.

Macfarlane et al. (2009) also noted that regional anesthesia (including UGRA) led to better
functional outcomes and faster recovery of muscle strength, though their study primarily
focused on pain outcomes. Our study extends this by showing that the preservation of muscle
strength is a key advantage of UGRA.

Abdallah and Brull (2011), however, reported less pronounced differences in muscle
strength recovery between UGRA and traditional regional anesthesia in hip surgery. The
difference could be attributed to the specific types of surgery, as hip surgeries may involve
more tissue damage than lower-limb surgeries.

3. Functional Mobility
e Our Findings: Functional mobility, as measured by the Timed Up and Go (TUG) test, was
significantly better in the UGRA group. This supports the idea that UGRA leads to faster recovery of
mobility and functional independence.
e Comparison with Other Studies:

o

Memtsoudis et al. (2016) conducted a large cohort study that showed UGRA improves early
postoperative mobility and reduces the length of hospital stays. Our findings are consistent
with their conclusion that UGRA allows for earlier ambulation, which is critical in orthopedic
recovery.

Johnston et al. (2015), however, found that the differences in functional mobility between
UGRA and traditional methods were not statistically significant beyond six weeks
postoperatively. This discrepancy may arise from differences in patient populations and
postoperative rehabilitation protocols, as Johnston's study focused on elderly patients.

4. Complication Rates
e Our Findings: The incidence of complications was significantly lower in the UGRA group, with fewer
cases of nerve injury, local anesthetic systemic toxicity (LAST), and incomplete nerve blocks.
e Comparison with Other Studies:

o

Fischer et al. (2008) also reported fewer complications with UGRA, particularly in terms of
nerve injury and LAST, compared to traditional regional anesthesia. Their findings support
the use of ultrasound to reduce the risk of inadvertent nerve damage(The Impact of
Anesthesi...).

lifeld et al. (2011) similarly noted that continuous nerve blocks administered using UGRA
techniques resulted in fewer side effects and higher patient satisfaction(The Impact of
Anesthesi...). These results are consistent with our findings, which show lower complication
rates and improved patient experiences in the UGRA group.

5. Patient Satisfaction
e Our Findings: Patient satisfaction was notably higher in the UGRA group, with 70% rating their
experience as "Excellent," compared to 50% in the control group.
e Comparison with Other Studies:

o

Katz et al. (2011) reported higher patient satisfaction with UGRA, particularly due to reduced
postoperative pain and fewer side effects, such as nausea and dizziness. Our findings align
with their results, reinforcing that UGRA provides a more comfortable and satisfactory patient
experience(The Impact of Anesthesi...).
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o Fischer et al. (2008) also found higher patient satisfaction scores in UGRA patients,
attributing this to better pain management and fewer complications, similar to the outcomes
observed in our study(The Impact of Anesthesi...).

This study’s findings strongly corroborate the existing body of literature that supports the advantages of
ultrasound-guided regional anesthesia (UGRA) in orthopedic surgery. UGRA consistently outperforms
traditional regional anesthesia techniques in terms of pain control, muscle strength recovery, functional
mobility, complication rates, and patient satisfaction. While minor variations exist between studies—particularly
regarding the long-term outcomes of functional mobility—UGRA is clearly the preferred technique in terms of
short-term recovery and patient outcomes. This study contributes to the growing evidence that UGRA offers a
safer, more effective approach for managing anesthesia in orthopedic surgeries.

Conclusion

This prospective cohort study confirms that ultrasound-guided regional anesthesia is a safer and more effective
approach than traditional regional anesthesia methods in orthopedic surgeries. UGRA provides superior pain
control, faster functional recovery, and fewer complications. Its use should be strongly considered in orthopedic
surgery settings to optimize patient outcomes.
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