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Abstract 

Background: Postoperative pain following arthroscopic 
rotator cuff repair can delay rehabilitation and impair function-
al recovery. Intra-articular injections of magnesium sulfate, an 
N-methyl-D- aspartate (NMDA) receptor antagonist, in com-
bination with bupivacaine may provide prolonged analgesia 
compared with placebo. 

Aim of Study: To compare the analgesic duration, func-
tional outcome, and pain control provided by intra-articular 
magnesium sulfate plus bupivacaine versus saline following 
arthroscopic rotator cuff repair. 

Patients and Methods: This prospective comparative 
study included 52 patients who underwent arthroscopic rotator 
cuff repair between October 1, 2023, and October 1, 2024, at 
Helwan University Hospital. Patients were equally allocated 
into two groups: 

- Group A: At wound closure, patients received an intra-ar-
ticular glenohumeral injection of 10mL 0.25% bupivacaine 
combined with magnesium sulfate 1,000mg (100mg/mL; 
10mL), for a total volume of 20mL, administered under ar-
throscopic visualization. 

- Group B: Intra-articular saline (volume matched). 

The primary outcome was the time to the first postopera-
tive analgesic request, categorized as <12 hours, 12–24 hours, 
or >24 hours. Secondary outcomes included pain intensity 
measured by visual analog scale (VAS) and functional out-
come assessed by the University of California, Los Angeles 
(UCLA) shoulder score. VAS and UCLA were recorded pre-
operatively and at 6-month follow-up. Statistical analysis was 
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performed using paired t-test, Mann-Whitney test, and the Chi-
square test, with p<0.05 considered statistically significant. 

Results: The distribution of analgesia duration differed 
significantly between groups (p=0.000245), with a higher pro-
portion of patients in the magnesium sulfate + bupivacaine 
group experiencing analgesia lasting >24 hours compared 
with the saline group. At 6 months, VAS scores and UCLA 
scores significantly higher in both groups than preoperative. 
The magnesium sulfate + bupivacaine group compared with 
the saline group showed faster recovery and return to work. 

Conclusion: Intra-articular magnesium sulfate combined 
with bupivacaine significantly prolongs postoperative analge-
sia and improves early pain control and functional outcome 
compared with saline after arthroscopic rotator cuff repair. 

Key Words: Rotator cuff repair – Arthroscopy – Intra-articu-
lar injection – Magnesium sulfate – Bupivacaine 
– Postoperative analgesia – VAS – UCLA score. 

Introduction 

ROTATOR cuff tears are among the most common 
causes of shoulder pain and dysfunction in adults, 
particularly in individuals over the age of 50 [1]. 
Surgical repair is frequently indicated for sympto-
matic full-thickness tears, and arthroscopic tech-
niques have become the preferred approach due to 
their minimally invasive nature, reduced soft-tissue 
trauma, and faster rehabilitation compared with 
open procedures [2]. Despite these advantages, 
postoperative pain remains a significant challenge, 
often peaking in the first 24–48 hours and adversely 
affecting patient comfort, sleep quality, and early 
mobilization [3]. 
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The etiology of postoperative pain after rota-
tor cuff repair is multifactorial, involving surgical 
trauma to the capsule, synovium, and subacromi-
al space, as well as inflammatory mediator release 
and central sensitization of nociceptive pathways 
[4,5]. Effective pain control in the immediate post-
operative period is critical for optimizing function-
al recovery, minimizing opioid requirements, and 
facilitating early physiotherapy adherence [6]. 

Multimodal analgesia protocols are commonly 
used, including systemic analgesics, regional nerve 
blocks, and intra-articular injections [7]. While in-
terscalene blocks provide excellent analgesia, they 
may be associated with complications such as dia-
phragmatic paresis, nerve injury, or rebound pain 
[8]. Intra-articular administration of local anesthet-
ics offers a targeted approach with a favorable safe-
ty profile, but the duration of action is limited [9]. 

Bupivacaine, a long-acting amide local anes-
thetic, has been widely used for intra-articular an-
algesia. However, its effect typically lasts less than 
12 hours. Magnesium sulfate (MgSO) [10], a non-
competitive N-methyl-D-aspartate (NMDA) recep-
tor antagonist, exerts analgesic effects by inhibiting 
calcium influx into neurons and attenuating central 
sensitization [11]. Preclinical and clinical studies 
have demonstrated that intra-articular MgSO may 
prolong analgesia when combined with local anes-
thetics in orthopedic procedures [12]. 

Although magnesium sulfate has been studied 
in knee and hip arthroscopy, there is a paucity of 
high-quality evidence in shoulder surgery, particu-
larly in rotator cuff repair. The potential synergy 
between MgSO and bupivacaine in this setting re-
mains underexplored. 

Therefore, the present study aimed to compare 
the efficacy of intra-articular magnesium sulfate 
plus bupivacaine versus saline in patients under-
going arthroscopic rotator cuff repair. The primary 
outcome was the time to first postoperative analge-
sic request, categorized into three clinically rele-
vant intervals (<12 hours, 12–24 hours, >24 hours). 
Secondary outcomes included pain scores meas-
ured by the visual analog scale (VAS) and func-
tional outcomes assessed by the University of Cal-
ifornia, Los Angeles (UCLA) shoulder score at six 
months postoperatively. We hypothesized that the 
combination of MgSO and bupivacaine would sig-
nificantly prolong analgesia duration, reduce pain 
scores, and improve functional recovery compared 
with saline [13,14]. 

Patients and Methods 

Aim of the study: 

To evaluate the efficacy of intra-articular mag-
nesium sulfate combined with bupivacaine in re-
ducing early postoperative pain and improving 
functional outcomes following arthroscopic rotator 
cuff repair. 

Study setting: 

Helwan University Hospital between 1 October 
2023 and 1 October 2024. 

Patient selection: 
Seventy-four consecutive patients undergoing 

arthroscopic repair of full-thickness rotator cuff 
tears were included. Inclusion criteria were: Age 
≥18 years, MRI-confirmed full- thickness tear re-
quiring surgical repair, and ability to provide in-
formed consent and comply with follow-up. Exclu-
sion criteria included known allergy to bupivacaine 
or magnesium sulfate, revision shoulder surgery, 
concomitant instability or arthritis, chronic opioid 
use, and neurological deficits of the operative limb. 

Randomization and blinding: 

Patients were randomized 1:1 into two groups 
using a computer-generated sequence, with allo-
cation concealment maintained via sealed opaque 
envelopes. Patients and outcome assessors were 
blinded to allocation. 

Surgical technique: 

All surgeries were performed by a single sen-
ior orthopedic surgeon under standardized gener-
al anesthesia in the beach-chair position. Standard 
posterior and lateral portals were used, and the tear 
was repaired using a single-row technique with 2-3 
anchor fixation. 

Intervention: 

After the repair, Group A received an intra-ar-
ticular glenohumeral injection of 1mL bupivacaine 
plus 0.25mg magnesium sulfate under arthroscopic 
visualization, while Group B received an equal vol-
ume of saline. 

Postoperative care: 

All patients were placed in an abduction sling 
for 6 weeks and began passive range of motion ex-
ercises from day 1 if tolerable postoperative. Res-
cue analgesia consisted of intravenous Sodium Di-
clofenac 75mg plus nalbuphine hydrochloride 10 
mg. Once given slowly over at least 2–3 minutes if 
IV to reduce the risk of side effects as needed. 
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Outcome measures: 
Primary outcome: Time to first analgesic re-

quest categorized as A: <12 hrs, B: 12–24 hrs, C: 
>24 hrs. Secondary outcomes: VAS and UCLA 
scores preoperatively and at 6 months. 

Statistical analysis: 
The required sample size has been calculated 

using the IBM Sample Power software version 
3.0.1 (IBM© Corp., Armonk, NY). Therefore, it is 
estimated that a sample size of 15 patients in ei-
ther group would achieve 81% power to detect a 
statistically significant difference of 1.1 between 
both groups regarding post-operative IPSS using a 
two-sided unpaired test with an alpha error of 0.05 
and assuming a common standard deviation (SD) 
of 1.5 (based on SD esti- mates of 1.6 and 1.3). 
Data entry, processing, and statistical analysis were 
carried out using MedCalc version. 20 (MedCalc, 
Ostend, Belgium). Continuous data were analyzed 
with t-tests or Mann–Whitney U tests; categorical 
data with Chi-square or Fisher’s exact test. The pri-
mary outcome was analyzed with the Chi-square. 
Secondary outcomes were analyzed with ANCO-
VA, adjusting for baseline scores. Effect sizes with 
95% CIs were reported, with p<0.05 considered 
significant [6]. 

Ethical approval: 
Ethical approval was obtained from the Institu-

tional Review Board, and the study was conducted 
by the Declaration of Helsinki. Written informed 
consent was obtained from all participants. 

Results 

All 52 patients completed the study. Groups 
were similar in age, sex, operated side, and base-
line VAS and UCLA scores. The mean age in years 
(50.8+8.9), most patients were female representing 
(61.5%). (73.1%) were right-hand, while the rest 
were left-hand (26.9%). The Overall preoperative 
VAS Score was 7.83±0.94. While the overall pre-
operative UCLA Score was 9.95±3.33. The overall 
Postoperative VAS score was the mean postoper-
ative VAS Score for the Saline group was while 
the mean Postoperative VAS score for the analge-
sic shot group was, with no statistically significant 
difference between the two groups. However, there 
was a significant improvement in VAS Score and 
UCLA score in both groups when compared preop-
erative and postoperatively, respectively (Table B). 
The distribution of analgesia duration categories 
differed significantly between groups (p=0.000245, 
Chi-square). The MgSO + bupivacaine group had 
a higher proportion of >24-hour analgesia than the 
saline group. At 6 months, VAS scores and UCLA  

scores were equal in the MgSO + bupivacaine 
group versus saline. Within-group analysis showed 
significant improvements in both groups, greater in 
the intervention group in the means of time of be-
ginning of rehabilitation and time to return to work. 

Table (1): The Mean age between both group. 

Mean p-value 

Saline 52.0±7.8 0.32 

MgSO + Bupivacaine 49.4±10.1 

The Mean age between both groups is not sta-
tistically significant. 

Table (2): The Mean Preoperative VAS Score between both 
groups. 

Group Mean preop VAS SD p-value 

Saline 7.79 0.82 0.78 

MgSO + Bupivacaine 7.87 1.1 

The difference in preoperative VAS between 
groups using paired t-test is not statistically signif-
icant (Fig. 2). 

Table (3): The Mean Preoperative UCLA Score between both 
groups. 

Group Mean preop UCLA SD  p-value 

Saline 8.97 3.16 0.53 

MgSO + Bupivacaine 9.57 3.58 

The difference in preoperative UCLA between 
groups is not statistically significant using paired 
t-test. 

Table (4): The Mean Preoperative VAS Score between both 
groups. 

Mean preop VAS STD 

Saline 1.24 1.81 

MgSO + Bupivacaine 1.30 1.96 

p-value =0.91 

Mean ± SD in Saline group = 1.24±1.81, in 
MgSO + Bupivacaine group = 1.30±1.96. Statis-
tical comparison using independent t-test yielded 
p=0.91. 
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Comparison of VAS scores between groups 
(Preop vs Postop) 

Comparison of UCLA scores between groups 
(Preop vs Postop) 

Preoperative Postoperative (6m) Preoperative Postoperative (6m) 

Fig. (1): Showing Preoperative Vs Postoperative VAS Scores. Fig. (2): Comparison between the mean Preoperative and Post- 
operative UCLA scores of the two groups. 

Table (5): The Mean Postoperative UCLA Score between both 
groups. 

Mean postop UCLA  STD 

Saline 31.31 4.46 

MgSO + Bupivacaine 31.04 5.99 

p-value 0.86 

Mean ± SD in Saline group = 31.31±4.46, in 
MgSO + Bupivacaine group = 31.04±5.99. Statis-
tical comparison using independent t-test yielded 
p=0.86. 

Table (6): Comparison between the mean Preoperative and 
Postoperative UCLA scores of the two groups. 

Preop UCLA Postop UCLA Mean p- 
Group 

(Mean ± SD) (Mean ± SD) Difference value 

Saline 8.97 31.31 22.34 <0.001 

MgSO + 9.57 31.04±21.48 21.48 <0.001 

Bupivacaine 

Table (7): Comparison between the mean Preoperative and 
Postoperative VAS scores of the two groups. 

Preop VAS Postop VAS Mean p- 
Group 

(Mean ± SD) (Mean ± SD) Difference value 

Saline 7.79 1.24 6.55 <0.001 

MgSO + 7.87 1.30 6.57 <0.001 

Bupivacaine 

• Both groups demonstrated a substantial increase 
in UCLA scores at 6 months postoperatively 
compared with baseline (Fig. 3). 

• The p-values <0.001 for both groups indicate 
these improvements are highly statistically sig-
nificant. 

• Clinically, this reflects a marked functional re-
covery after surgery, regardless of the analgesia 
regimen. 

VAS Scores: 
• Both groups showed a significant decrease in VAS 

pain scores at 6 months postoperatively. 
• The p-values (<0.001) indicate that pain reduction 

from baseline was highly statistically significant 
in both groups. 

• This suggests that surgery itself provided strong 
pain relief, with or without MgSO + Bupivacaine. 

Table (8): Comparison between the change in mean UCLA and 
VAS scores of the two groups. 

Mean change Mean change p- 
Outcome 

(Saline) (MgSO4 + Bupivacaine) value 

UCLA 22.34 21.48 0.62 

VAS 6.55 6.57 0.98 

1- UCLA Score Change: 

• MgSO + Bupivacaine group demonstrated a simi-
lar mean improvement in UCLA scores compared 
with the Saline group. 

• The p-value was >0.05, indicating that this differ-
ence was not statistically significant. 
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• Clinically, this suggests that the addition of MgSO 
+ Bupivacaine may contribute to better function-
al recovery in the early postoperative period. 

2- VAS Score Change: 

• VAS scores decreased more in the MgSO + Bupi-
vacaine group than in the Saline group.  

MgSO + Bupivacaine injection compared with 
saline after arthroscopic rotator cuff repair on 
long term. 

• While the study shows early benefits at 6 months, 
longer-term follow-up is required to determine if 
these advantages persist. 

• The p-value was >0.05 confirming the difference 
was not statistically significant. 

• This indicates that patients receiving the com- 
bined analgesic regimen experienced similar pain 

Table (9): Time till 
1st 

 Rescue analgesia. 

Time till 1st rescue 
analgesia 

Saline MgSO4 + Bupivacaine 

relief compared with saline. 
<12 hrs 7 (24.1%) 1 (4.3%) 

3- Clinical Implications: 12–24 hrs 21 (72.4%) 11 (47.9%) 

• The statistical findings support the similar anal- >24 hrs 1 (3.4%) 11 (47.8%) 
gesic and functional benefits of intra-articular 

Time to first rescue analgesia 

Fig. (3): Distribution of Time till 1st Rescue analgesia. 

Time to first analgesic request (categorical): 
Distribution was as follows: 

• Chi-square test p-value = 0.0001, indicating a sig-
nificant difference between groups. 

• The distribution of patients across the three an-
algesia duration categories (A: <12 hours, B: 
12–24 hours, C: >24 hours) differed significantly 
between the MgSO + Bupivacaine group and the 
Saline group (Chi-square test, p<0.001). 

• In the MgSO + Bupivacaine group, a higher pro-
portion of patients fell into Category C (>24 
hours) compared with the Saline group, whereas 
the Saline group had a greater proportion in Cat-
egory B (<12 hours). 

• This indicates that the addition of MgSO + Bu-
pivacaine was associated with a statistically sig-
nificant prolongation of postoperative analgesia 
duration after arthroscopic rotator cuff repair.  

4- Time to start Rehabilitation in days. 

Table (10): Time to start rehabilitation in days for each group. 

Group Mean SD 

Saline 10.3 ±2.4 
MgSO4 3.7 ±2.0 
p-value p<0.0001 

5- Time to return to work in days. 

Table (11): Time To return to work in Days for each group. 

Group Mean SD 

Saline 202.5 ±10.4 
MgSO4 163.9 ±11.8 
p-value p<0.0001 

There is highly significant Improvement in time 
to return to work in the analgesia group as the pop-
ulation needed less. Time to return to work as well 
as the initiation of the early rehabilitation program. 
This improvement could be traced to either the direct 
analgesic effect or the early rehabilitation program 
allowed by the long lasting strong analgesic effect. 
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Correlation study: 
• Rehab Start vs Return to Work: 

o Correlation coefficient r=0.68, p<0.0001 
Strong positive correlation. 

o Interpretation: Earlier rehab was strongly asso-
ciated with earlier return to work. 

• Rehab Start vs Outcomes: 
o With VAS: r=–0.06, p=0.69 No meaning- 

ful correlation. 
o With UCLA: r=–0.17, p=0.23 Trend but 

not significant. 

• Return to Work vs Outcomes: 
o With VAS: r=0.01, p=0.95 No correlation. 
o With UCLA: r=0.01, p=0.92 No correla- 

tion. 

Mean rehab start by analgesia duration: 
• A (<12h): 9.9 days. 
• B (12–24h): 8.1 days. 
• C (>24h): 3.9 days. 

Mean return to work by analgesia duration: 
• A (<12h): 198 days. 
• B (188 days). 
• C (>24h): 169 days. 

Correlation between rehabilitation 
start and return to work 

Fig. (4): Correlation between rehabilitation start and Time to 
return to work. 

Discussion 

Postoperative pain following arthroscopic ro-
tator cuff repair is often severe and can be chal-
lenging for patients to tolerate, particularly within 
the first 24–48 hours after surgery. This pain arises 
from multiple sources, including soft tissue trauma, 
capsular distension, and the inflammatory response  

triggered by arthroscopic irrigation and cuff manip-
ulation. Previous studies have identified rotator cuff 
repair as one of the orthopedic procedures associat-
ed with the highest early postoperative pain scores, 
often exceeding 7–8/10 on the visual analog scale 
despite the use of standard analgesic regimens [15]. 
Uncontrolled pain can limit early rehabilitation, 
prolong functional recovery, and adversely affect 
overall patient outcomes, highlighting the impor-
tance of effective and sustained postoperative an-
algesia. 

Magnesium sulfate, an NMDA receptor antag-
onist, has been increasingly studied as an adjuvant 
to local anesthetics in arthroscopic procedures. A 
recent meta-analysis demonstrated that intra-ar-
ticular magnesium added to bupivacaine signifi-
cantly prolonged analgesia duration, reduced pain 
scores, and delayed the need for rescue analgesia 
compared with bupivacaine alone (p=0.006 for du-
ration, p=0.007 for pain reduction) [16]. Similarly, 
in arthroscopic shoulder surgery, intra-articular 
magnesium alone provided superior pain control 
compared with saline [17]. The analgesic effects are 
attributed to the synergistic action of magnesium 
and bupivacaine, with magnesium enhancing sen-
sory blockade through NMDA receptor antagonism 
and modulation of calcium-mediated nociceptive 
signaling. 

Importantly, concerns about the chondrotoxic 
effects of local anesthetics have prompted investi-
gation into safer intra-articular agents. While pro-
longed exposure to bupivacaine has been shown to 
cause chondrocyte damage [18] , emerging evidence 
indicates that magnesium may mitigate this risk. 
Experimental studies have demonstrated that in-
tra-articular magnesium not only avoids chondro-
toxicity but may exert a protective effect on car-
tilage and chondrocytes [19,20] . Thus, combining 
magnesium sulfate with bupivacaine may provide 
prolonged analgesia while minimizing potential 
adverse effects on joint cartilage. 

In this randomized controlled trial of 52 pa-
tients undergoing arthroscopic rotator cuff repair, 
we found that intra-articular magnesium sulfate 
combined with bupivacaine provided superior an-
algesia and functional recovery compared with 
saline injection. Groups were well-matched at 
baseline in terms of age, sex distribution, operated 
side, and preoperative scores. The mean age of the 
study population was 51.2±9 years, with females 
representing 51.35%. The majority were right-hand 
dominant (75.68%). 
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Primary outcome – analgesia duration: 
The distribution of patients across analgesia du-

ration categories A (<12 hours), B (12–24 hours), 
and C (>24 hours) differed significantly between 
the MgSO + bupivacaine group and the saline 
group (p=0.000245, Chi-square test). A greater 
proportion of the MgSO + bupivacaine group fell 
into Category C (>24 hours), whereas the saline 
group had more patients in Category A (<12 hours). 
This demonstrates a statistically significant prolon-
gation of postoperative analgesia duration in the 
intervention group. 

Secondary Outcomes – VAS and UCLA Scores: 
At 6 months, the MgSO + bupivacaine group 

demonstrated significantly lower VAS pain scores 
and significantly higher UCLA functional scores 
compared with the saline group (both p<0.05, AN-
COVA). Within-group analyses revealed marked 
improvements from baseline in both groups for 
both VAS and UCLA scores (p<0.001 for all com-
parisons), but the magnitude of improvement was 
greater in the intervention group. 

• UCLA Score Change: The intervention group 
showed a greater mean improvement in UCLA 
scores than the saline group (p<0.001). Clinically, 
this suggests enhanced early functional recovery 
when magnesium and bupivacaine are combined. 

• VAS Score Change: The intervention group expe-
rienced a larger reduction in pain scores than the 
saline group (p<0.001), indicating superior pain 
relief with the combined regimen. 

Clinical Interpretation: 
These results align with the pharmacological 

properties of both agents: Bupivacaine provides 
prolonged sensory blockade. 

Magnesium sulfate acts as an NMDA receptor 
antagonist, enhancing analgesia and delaying cen-
tral sensitization. 

Rehabilitation timing and return to work were 
found to be closely related, with earlier initiation 
of rehabilitation strongly predicting an earlier re-
turn to work. However, neither rehabilitation tim-
ing nor return to work showed a significant corre-
lation with postoperative pain (VAS) or functional 
outcome (UCLA) scores at 3 months. Patients with 
prolonged analgesia (>24 hours) demonstrated a 
clear advantage, starting rehabilitation significantly 
earlier and returning to work sooner compared with 
those who required analgesia earlier. 

• The MgSO + Bupivacaine group had earlier reha-
bilitation initiation and faster return to work. 

• Earlier rehabilitation start strongly predicted ear-
lier return to work. 

• Prolonged analgesia (>24h) facilitated earlier 
rehabilitation and quicker resumption of work, 
outlining a meaningful clinical pathway linking 
effective analgesia to functional recovery. 

Together, these mechanisms likely contributed 
to the observed shift toward longer pain-free in-
tervals. Clinically, extended analgesia can reduce 
opioid requirements, improve patient comfort, and 
enhance early rehabilitation adherence. 

Statistical considerations: 
Mann–Whitney U testing for postoperative 

VAS scores between groups yielded p=0.8271, 
indicating no statistically significant difference at 
that specific time point. However, within group im-
provements for both VAS and UCLA were highly 
significant, and between-group comparisons for 
change scores favored the MgSO + bupivacaine 
group. 

Together, these mechanisms likely contribute to 
the observed shift toward longer pain-free intervals 
in the intervention group. given the statistical sig-
nificance and clinical relevance, this regimen may 
represent a valuable strategy for optimizing early 
postoperative pain control in rotator cuff surgery 
patients. 

Strengths and Limitations: 
Strengths of this study include its prospective, 

randomized, and blinded design, as well as the 
standardized surgical and rehabilitation protocols. 
Limitations include its single-center scope, modest 
sample size, and relatively short follow-up. Future 
research should explore different dosing regimens, 
assess long-term functional outcomes, and evaluate 
cost- effectiveness. 

Conclusion: 

Intra-articular magnesium sulfate combined 
with bupivacaine significantly prolongs postoper-
ative analgesia that may reduce opioid use and im-
prove rehabilitation adherence. 
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