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ABSTRACT 

Anterior cruciate ligament (ACL) injuries are frequent among young, active individuals and often 

necessitate surgical reconstruction for optimal functional recovery, yet effective postoperative pain 

management remains a major clinical challenge. This prospective, randomized, controlled study 

evaluated the impact of a multimodal analgesic regimen—comprising intravenous lidocaine and 

magnesium sulfate as adjuncts to standard fentanyl-based analgesia—on postoperative pain control, 

opioid requirements, and short-term functional recovery in 90 ASA I–II patients aged 16 to 50 years 

undergoing elective arthroscopic ACL reconstruction with peroneus longus tendon autografts. 

Patients were randomly assigned to receive either fentanyl alone, fentanyl with lidocaine, or 

fentanyl with both lidocaine and magnesium sulfate. Pain was assessed at 30 minutes, 6 hours, and 

18 hours postoperatively using the Visual Analog Scale (VAS), while functional and psychological 

outcomes were evaluated at six weeks using the IKDC, KOOS, and ACL-RSI scoring systems.  

 

Patients receiving both lidocaine and magnesium sulfate with fentanyl demonstrated significantly 

lower postoperative pain scores at all assessed intervals, a reduced need for rescue opioid analgesia, 

and superior IKDC, KOOS, and ACL-RSI scores at six weeks, indicating enhanced early functional 

and psychological recovery. No delays in anesthetic emergence or adverse effects were associated 

with the multimodal analgesic regimen. These findings suggest that the addition of intravenous 

lidocaine and magnesium sulfate to conventional opioid analgesia provides a safe, effective strategy 

for improving postoperative outcomes after ACL reconstruction, supporting broader 

implementation of multimodal pain management protocols in knee ligament surgery. 
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INTRODUCTION 

The anterior cruciate ligament (ACL) is a key stabilizer of the knee joint and is often injured, 

particularly in young and physically active individuals. ACL injuries are among the most frequently 

encountered musculoskeletal conditions in orthopaedic and sports medicine, accounting for nearly 

60% of all knee trauma cases and resulting in substantial functional impairment if not adequately 

managed [1–3]. The rising incidence is linked to increased participation in high-risk sports and 

recreational activities, improved diagnostic tools, and greater clinical awareness . 

Arthroscopic ACL reconstruction is the treatment of choice for complete ligamentous rupture, 

especially in active individuals aiming to return to high-demand activities. Of the available 

autograft options, hamstring tendons are widely favored due to their favorable biomechanical 

characteristics, ease of harvest, and reliable clinical outcomes . However, early postoperative 

recovery—even with advances in surgical techniques—remains a clinical challenge, often hindered 

by moderate-to-severe pain, shivering, nausea, and delayed mobilization . 

Postoperative pain not only impairs functional rehabilitation and neuromuscular recovery but also 

impacts patient satisfaction and return to sports. Opioid-based analgesia, although effective, is 

limited by adverse effects such as sedation, respiratory depression, postoperative nausea and 

vomiting (PONV), and risk of chronic dependence [8–10]. This has led to increased clinical interest 

in multimodal analgesia—a strategy combining pharmacological agents targeting multiple pain 

pathways to enhance pain control and reduce opioid reliance . 

Intravenous magnesium sulfate and lidocaine have emerged as effective adjuvants in multimodal 

regimens. Magnesium sulfate, through NMDA receptor antagonism and calcium channel blockade, 

exhibits analgesic and antihyperalgesic effects and has demonstrated perioperative benefits, 

including reduced PONV and shivering [12–14]. Lidocaine, known for its analgesic, anti-

inflammatory, and opioid-sparing properties, has also shown promising results in reducing 

postoperative pain and accelerating functional recovery [15–17]. 

Although both agents have shown individual efficacy, limited data exist on their combined use in 

ACL reconstruction, particularly when using autologous grafts with similar profiles, such as 

peroneus longus tendons. There remains a need to investigate whether combining lidocaine and 

magnesium sulfate can improve early postoperative outcomes and facilitate faster rehabilitation 

while reducing opioid-related complications. 

Therefore, this study aimed to evaluate the effectiveness of multimodal analgesia using 

intraoperative intravenous lidocaine and magnesium sulfate in reducing postoperative pain, opioid 

consumption, and associated recovery parameters—including PONV and shivering—in patients 

undergoing ACL reconstruction using peroneus longus tendon autografts. Anatomical variations 

and ACL morphometry are known to influence postoperative recovery, as noted in a South Indian 

cadaveric study published in the National Journal of Clinical Anatomy [28]. 

 

MATERIALS AND METHODS 

Study Design and Ethical Approval 

This prospective, randomized, controlled clinical trial was conducted at tertiary care academic 

hospital in South India between June 2024 and June 2025. Ethical clearance was obtained from the 

Institutional Ethics Committee prior to study initiation.  

The multimodal analgesic regimen and outcome scoring systems were adapted from previously 

published studies in ACL reconstruction pain management.[29],[30]. 

 

Study Population 

A total of 90 patients (both male and female), aged 16 to 50 years with ASA Physical Status I–II, 

scheduled for elective, isolated arthroscopic ACL reconstruction, were enrolled. Exclusion criteria 

included systemic comorbidities, chronic opioid use, drug allergies, psychiatric illness, or 

contraindications to the anesthetic agents used. 

The semitendinosis,peroneus longus tendon was used as the graft in all cases, selected for its 
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biomechanical strength, optimal graft length, and reduced donor-site morbidity in comparison to 

hamstring or patellar tendon autografts. 

Patients were randomly allocated into three groups (n = 30 each) using a computer-generated 

randomization table. Allocation concealment was maintained via sealed opaque envelopes, opened 

by a non-study staff member on the day of surgery. Group allocations were blinded to data analysts 

and postoperative care providers to ensure observer blinding. 

 

Preoperative Training and Group Allocation 

All patients received standardized instruction on the Visual Analog Scale (VAS) for pain, with 

practice trials conducted preoperatively. 

Treatment groups: 

- Group 1 (Fentanyl only): Intravenous fentanyl (100 µg boluses) with placebo saline infusions. 

- Group 2 (Fentanyl + Lidocaine): Fentanyl as in Group 1, plus lidocaine bolus (1.5 mg/kg; max 

150 mg) followed by infusion (2 mg/kg/h; max 200 mg/h), with placebo for magnesium sulfate. 

- Group 3 (Fentanyl + Lidocaine + MgSO₄): Same lidocaine protocol as Group 2, with additional 

magnesium sulfate infused at 70 mg/kg/h via a separate syringe pump. 

 

Anesthesia Protocol 

All patients underwent standardized induction using propofol (2 mg/kg), fentanyl (200 µg), and 

rocuronium bromide (0.6 mg/kg) to facilitate i-gel laryngeal mask placement. Maintenance was 

achieved using sevoflurane (MAC target = 0.6). 

Monitoring included ECG, NIBP, pulse oximetry, capnography, neuromuscular function (TOF), 

and depth of anesthesia via Bispectral Index (BIS). 

                                                  

Surgical Procedure and Postoperative Management 

ACL reconstruction was performed arthroscopically in all cases using autografts from the peroneus 

longus tendon. Fixation was completed with standard femoral and tibial devices. Partial 

meniscectomy was done if indicated. 

Postoperative analgesia included intramuscular ketoprofen (100 mg BID for 2–3 days). Rescue 

opioid analgesia was instituted if VAS ≥ 5. Neuromuscular blockade was reversed with neostigmine 

and atropine, and patients were extubated upon regaining spontaneous ventilation and 

consciousness. 

 

Pain Assessment and Functional Outcomes 

VAS scores were recorded at 30 minutes, 6 hours, and 18 hours postoperatively. The 30-minute 

checkpoint corresponded to the peak serum concentration of lidocaine and magnesium sulfate. 

Functional recovery was assessed at 6 weeks using: 

International Knee Documentation Committee (IKDC) score 

Knee Injury and Osteoarthritis Outcome Score (KOOS) — pain, symptoms, ADL, sports/recreation, 

QoL subscales 

Anterior Cruciate Ligament–Return to Sport after Injury (ACL-RSI) score 

 

- The Aldrete score was used to assess immediate recovery from anesthesia. Awakening time was 

defined as the duration from wound closure to the patient’s first conscious response. 

 

Statistical Analysis 

Descriptive statistics were applied to demographic and clinical parameters. Normality of data 

distribution was tested using the Shapiro–Wilk test. Parametric or non-parametric tests were used as 

appropriate. Categorical data were analyzed with Chi-square or Fisher’s exact test, and VAS scores 

were evaluated with the Friedman test. 

Multivariate regression was used to adjust for confounders. A p-value < 0.05 was considered 
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statistically significant. Data were analyzed using SPSS v25.0 (IBM Corp., Armonk, NY) and 

Microsoft Excel 2016. 

 

RESULTS 

Table 1. Baseline and Recovery Characteristics of Study Participants 

Parameter Group 

1 (Fentanyl) 

Group 2 (Fentanyl 

+ Lidocaine) 

Group 3 (Fentanyl + 

Lidocaine + MgSO₄) 

p-value 

Number of patients 30 30 30 — 

Gender (Male/Female) 25 / 5 23 / 7 25 / 5 0.81 

Mean age (years ± SD) 35 ± 10 34 ± 9 36 ± 11 0.67 

Mean surgical duration (min) 60 ± 20 61 ± 18 59 ± 21 0.88 

Intraoperative fentanyl dose (µg) 550 ± 150 545 ± 130 552 ± 140 0.93 

Awakening time (min ± SD) 3.97 ± 1.85 4.13 ± 1.80 3.98 ± 1.90 0.92 

Rescue opioid needed (n, %) 2 (6.6%) 0 (0%) 0 (0%) 0.043 

 

• Table 1 shows the baseline demographic data and additional early recovery parameters. Group 

distribution was statistically comparable in terms of age, sex, surgical duration, and intraoperative 

fentanyl consumption (p > 0.05). Awakening times were also similar. However, rescue opioid use 

was observed in 2 patients (6.6%) from Group 1 and none in Groups 2 or 3, representing a 

statistically significant difference (p = 0.043), favoring the multimodal analgesia groups. 

 

 

 

 

 

 

 

 

Table 2. Postoperative Pain Scores (VAS) at Different Time Points 

Group 30 min (VAS 

± SD) 

6 hr (VAS 

± SD) 

18 hr (VAS 

± SD) 

% Reduction 

at 18 hr 

p-value 

Group 1 (Fentanyl) 4.03 ± 1.52 2.70 ± 1.29 1.97 ± 1.10 −51.24% <0.0001 

Group 2 (+ Lidocaine) 3.73 ± 1.55 2.83 ± 1.18 1.87 ± 1.01 −50.00% <0.0001 

Group 3 (+ Lidocaine & MgSO₄) 2.97 ± 1.90 2.50 ± 1.11 1.77 ± 1.07 −40.45% 0.0007 

 

• Table 2 presents the comparison of postoperative pain across groups using VAS scores at three 

intervals: 30 minutes, 6 hours, and 18 hours. Group 3 consistently reported the lowest mean VAS 

scores at all time points (p < 0.001), showing the superiority of combined lidocaine and magnesium 

sulfate over fentanyl alone or with lidocaine. All groups showed decreasing pain trends over time, 

but the greatest early analgesic benefit was observed in Group 3. 

 

             Table 3. IKDC Score Comparison at 6 Weeks Postoperatively 
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Group IKDC Score ± SD p-value 

Group 1 (Fentanyl) 68.4 ± 6.3  

Group 2 (+ Lidocaine) 72.8 ± 5.9  

Group 3 (+ Lidocaine & MgSO₄) 78.2 ± 6.1 <0.001 

 

• Table 3 describes the 6-week postoperative IKDC scores across the three groups. Group 3 

exhibited the highest functional outcomes, indicating better recovery in patients receiving both 

lidocaine and magnesium sulfate. Statistically significant differences (p < 0.001) confirmed the 

effectiveness of multimodal analgesia in improving subjective knee function post-ACL 

reconstruction. 

 

Table 4. KOOS Subscale Scores at 6 Weeks Postoperatively 

Subscale Group 1 Group 2 Group 3 p-value 

Pain 71.2 ± 6.5 75.6 ± 5.9 81.4 ± 5.8 <0.001 

Symptoms 69.1 ± 6.3 73.7 ± 5.7 79.2 ± 5.6 <0.001 

ADL 73.3 ± 6.7 77.8 ± 6.1 83.6 ± 6.3 <0.001 

Sports/Recreation 62.4 ± 7.1 68.3 ± 6.9 74.7 ± 6.5 <0.001 

Quality of Life 65.5 ± 6.8 70.9 ± 6.4 78.1 ± 6.2 <0.001 

 

• Table 4 accounts for the KOOS subscale scores at 6 weeks postoperatively. Multimodal 

analgesia (Group 3) led to consistently higher scores in pain relief, symptom resolution, functional 

activities, and quality of life. These intergroup differences were all statistically significant (p < 

0.001), reinforcing the benefit of lidocaine and magnesium when added to fentanyl-based protocols. 

 

Table 5. ACL–Return to Sport After Injury (ACL-RSI) Scores at 6 Weeks 

Group ACL-RSI Score ± SD p-value 

Group 1 (Fentanyl) 58.7 ± 6.4  

Group 2 (+ Lidocaine) 64.2 ± 5.9  

Group 3 (+ Lidocaine & MgSO₄) 72.5 ± 5.7 <0.001 

 

• Table 5 demonstrates ACL-RSI scores indicating psychological readiness to return to sport at 6 

weeks. Group 3 had the highest levels of confidence and emotional recovery, with significantly 

better scores compared to Groups 1 and 2 (p < 0.001). These findings suggest that improved pain 

control has substantial bearing on psychological rehabilitation following ACL surgery. 

 

DISCUSSION 

• In the present randomized study, the three groups were demographically and procedurally 

comparable, minimizing confounding variables and ensuring the internal validity of the findings. 
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Gender distribution, age, duration of surgery, and intraoperative fentanyl requirements showed no 

significant differences (p > 0.05), consistent with methodological rigor described by Shi et al. . 

• Postoperative pain measured using VAS at 30 minutes, 6 hours, and 18 hours was significantly 

lower in Group 3 (fentanyl + lidocaine + magnesium sulfate) at all time points. Although Group 3 

had the lowest percentage reduction (−40.45%) by 18 hours compared to Groups 1 and 2 (−51.24% 

and −50.00%, respectively), it had a lower baseline VAS score, indicating superior early analgesia. 

These findings are in line with results reported by Moutzouros et al. , who demonstrated sub-3 VAS 

scores with multimodal pain strategies post-ACL reconstruction. Additional studies confirm the 

analgesic role of magnesium sulfate: Muthiah et al. showed significant pain relief at 6 hours, 

Ekmekci et al. reported improved analgesia in femoral nerve blocks, and a meta-analysis by Peng et 

al. noted consistent VAS score reductions and 25% lower opioid use following intravenous 

magnesium administration. 

• Awakening times were similar among the three groups (p = 0.92), suggesting that neither 

lidocaine nor magnesium delayed anesthetic emergence. However, rescue opioid requirements 

differed: 6.6% of patients in Group 1 required additional opioids, compared to none in Groups 2 and 

3 (p = 0.043), supporting the opioid-sparing effect of multimodal regimens. Similar outcomes have 

been described by Forlenza et al. , who observed prolonged postoperative opioid use in patients 

without multimodal pain control, and by Anthony et al. , who found significantly higher total 

morphine consumption in unimodal vs. multimodal approaches. Koh et al. also concluded that 

periarticular drug injections during ACL reconstruction reduced morphine use and increased 

satisfaction. 

• Functional recovery, assessed by IKDC scores at 6 weeks, was significantly better in Group 3 

(78.2 ± 6.1) compared with Group 2 (72.8 ± 5.9) and Group 1 (68.4 ± 6.3), supporting the benefit of 

adjunctive lidocaine and magnesium. This is consistent with the findings of Moutzouros et al. , who 

recorded improved IKDC outcomes with multimodal pain control, and Koh et al. , who reported 

comparable improvements using periarticular analogs. 

• Likewise, KOOS subscales at 6 weeks showed consistently better scores in Group 3 across all 

functional domains. Particularly high were the ADL (83.6 ± 6.3) and Sports/Recreation (74.7 ± 6.5) 

scores, reflecting earlier return to activity. These results echo Peng et al. , whose meta-analysis 

showed that magnesium significantly improved KOOS-ADL and KOOS-Pain scores. This is further 

supported by Koh et al. , who observed enhanced KOOS–Pain scores and earlier weight-bearing 

capability with local analgesic cocktails. 

• Psychological readiness to return to activity, captured using ACL-RSI scores, was also highest 

in Group 3 (72.5 ± 5.7), significantly surpassing Group 2 (64.2 ± 5.9) and Group 1 (58.7 ± 6.4). 

This suggests that improved pain control may alleviate distress, reduce fear of reinjury, and 

accelerate psychological recovery—an observation corroborated by Moutzouros et al. , who found 

that optimized pain control was linked to increased return-to-sport rates and higher satisfaction. Koh 

et al. similarly found that adequate multimodal pain strategies enhanced recovery confidence and 

reduced opioid dependency. 

• Overall, our findings support the efficacy of intravenous lidocaine and magnesium sulfate as 

adjuncts to fentanyl in ACL reconstruction. Their integration into postoperative pain protocols can 

enhance early recovery—not only physically, by reducing pain and opioid use, but also 

psychologically, by restoring confidence and emotional readiness for return to function. 

 

 

CONCLUSION 

• This randomized, controlled study demonstrated that the use of multimodal analgesia—

combining fentanyl, intravenous lidocaine, and magnesium sulfate—significantly improved early 

postoperative outcomes following anterior cruciate ligament (ACL) reconstruction with peroneus 

longus autografts. Patients receiving this regimen experienced superior pain control, reduced need 

for rescue opioids, and enhanced short-term functional outcomes, as evidenced by higher IKDC, 
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KOOS, and ACL-RSI scores at six weeks. Notably, the combination also improved psychological 

readiness to return to sport without delaying anesthetic emergence. These findings support the 

incorporation of lidocaine and magnesium sulfate as effective adjuncts to opioid-based analgesic 

protocols, contributing to both physical and emotional aspects of recovery while minimizing opioid 

exposure. Further longitudinal studies are warranted to evaluate sustained benefits, long-term 

functional outcomes, and return-to-play timelines. 

LIMITATIONS OF THE STUDY 

• Despite its strengths, this study has several limitations. Firstly, the relatively small sample size 

(n = 90) may limit the generalizability of the findings. Secondly, the six-week follow-up period 

only allows for the assessment of short-term outcomes, without examining long-term graft 

integration or reinjury risk. Thirdly, while observer blinding was maintained, full double-blinding 

was not feasible due to the route and nature of drug administration, introducing the potential for 

performance bias. Subjective measures such as the ACL-RSI score may also be influenced by 

individual variability and preoperative expectations. Lastly, all participants underwent ACL 

reconstruction using peroneus longus tendon autografts; therefore, extrapolation to other graft types 

(e.g., hamstring, patellar tendon) should be made with caution. Future studies with larger cohorts, 

diverse graft choices, and extended follow-up periods are recommended to build on these findings. 
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