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A B S T R A C T   

Background: With the increasing number of patients undergoing arthroscopic rotator cuff repair (ARCR), post
operative pain control in these patients has become an important issue. We investigated and compared post- 
operative pain relief with intravenous acetaminophen (IA) and interscalene brachial plexus block (IBPB) after 
ARCR. 
Methods: This prospective study involved 66 consecutive patients who underwent ARCR in 2019–2020 at our 
hospital. Overall, 23 and 43 shoulders were assigned to the IA and IBPB groups, respectively. We evaluated the 
visual analog scale (VAS) pain scores at rest, during activity, and at night for the first 72 h postoperatively. We 
compared the results statistically between the groups. A p-value <0.05 was considered statistically significant. 
Results: VAS scores for night pain in the IBPB group were significantly lower than those in the IA group for the 
first 24 h postoperatively (p = 0.017). In contrast, the same scores were significantly lower in the IA group than 
in the IBPB group at 72 h postoperatively (p = 0.024). Other scores were not significantly different between the 
groups. 
Conclusions: IBPB provides superior night pain control during the first 24 h postoperatively, and IA provides 
superior night pain control at 72 h postoperatively. However, there were no significant differences in other pain 
scores between the two groups.   

1. Introduction 

The number of patients undergoing arthroscopic rotator cuff repair 
(ARCR) has been increasing, and postoperative pain control is consid
ered challenging in these patients.1 Although a minimally invasive 
procedure, ARCR is particularly associated with considerable pain dur
ing the early postoperative period1,2; specifically, patients who undergo 
ARCR develop severe pain at 2–3 days postoperatively.3–5 However, 
sufficient postoperative pain control could help to reduce the length of 
hospital stay and may improve patients’ satisfaction and functional re
covery.1 Multiple postoperative pain control modalities are used to 
manage pain among patients undergoing ARCR at shoulder surgery 
centers; they include oral or intravenous medications, a single local 
analgesic injection, continuous interscalene block, regional nerve 
blocks, periarticular multimodal drug injection (PMDI), and intravenous 

patient-controlled analgesia (IV PCA).2–8 In particular, the interscalene 
nerve block is being widely accepted for shoulder surgeries because of its 
effectiveness to control postoperative pain1–4. Additionally, it reduces 
the use of narcotics and provides good analgesia in patients who un
dergo shoulder surgeries.1–4 

In contrast, the use of intravenous acetaminophen has become pop
ular as one of the components of multimodal pain management.9,10 A 
prospective randomized controlled trial has demonstrated that repeated 
doses of 1 g intravenous acetaminophen administered over 24 h is safe 
and efficacious for managing pain10. To the best of our knowledge, no 
study has compared the clinical outcomes between intravenous acet
aminophen and interscalene brachial plexus block for pain relief within 
72 h after ARCR. Therefore, this study aimed to compare the efficacy of 
intravenous acetaminophen and interscalene brachial plexus block for 
postoperative pain relief during the first 72 h in patients undergoing 

* Corresponding author. Department of Orthopaedic Surgery, Ichinomiya Nishi Hospital, 1 Kaimei-hira, Ichinomiya, Aichi, 480-1195, Japan. 
E-mail address: takahashi.ryosuke0617@gmail.com (R. Takahashi).  

Contents lists available at ScienceDirect 

Journal of Orthopaedics 

journal homepage: www.elsevier.com/locate/jor 

https://doi.org/10.1016/j.jor.2021.03.010 
Received 8 February 2021; Accepted 23 March 2021   

mailto:takahashi.ryosuke0617@gmail.com
www.sciencedirect.com/science/journal/0972978X
https://www.elsevier.com/locate/jor
https://doi.org/10.1016/j.jor.2021.03.010
https://doi.org/10.1016/j.jor.2021.03.010
https://doi.org/10.1016/j.jor.2021.03.010
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jor.2021.03.010&domain=pdf


Journal of Orthopaedics 25 (2021) 6–9

7

ARCR. We hypothesized that the postoperative pain control of intrave
nous acetaminophen is comparable to that of interscalene brachial 
plexus block. 

2. Materials and methods 

2.1. Study participants 

This prospective study involved 66 consecutive patients who un
derwent ARCR at our hospital and provided informed consent to 
participate in this institutional review board-approved study between 
April 2019 and January 2020. There were 66 patients randomly allo
cated to the two groups: 23 patients were categorized into the intrave
nous acetaminophen (IA) group and 43 patients into the interscalene 
brachial plexus block (IBPB) group, respectively. Tear size of the rotator 
cuff was evaluated by MRI. We measured the longitudinal and trans
verse dimensions of the tear on the preoperative MRI along the oblique 
coronal plane and oblique sagittal plane respectively.11 Tear size was 
categorized as small (<1 cm), medium (1–3 cm), large (3–5 cm), or 
massive (>5 cm), according to Cofield.12 Patients with either IA or IBPB 
after ARCR and those who underwent ARCR performed by a single 
surgeon were included in this study. Patients who underwent ARCR in 
combination with other procedures, who received different 
peri-operative pain control measures, and who required revision surgery 
following ARCR were excluded. 

We evaluated the visual analog scale (VAS) for pain at rest, during 
activity, and at night for the first 72 h (at 24, 48, and 72 h) post
operatively. VAS was measured on a scale ranging from 0 (no pain) to 10 
(worst imaginable pain). We statistically compared the results between 
the groups. 

Additional patient data and characteristics were also recorded 
including sex, age, body mass index, size of rotator cuff tear, and pro
cedure of long head of biceps (Table 1). 

2.2. Interventions 

Patients in the IA group received 1 g acetaminophen intravenously 
every 6 h for 24 h postoperatively. This repeated dose regimen was 
chosen based on previously published trials that confirmed its safety and 
efficacy.10 

Patients in the IBPB group received the block from a single skilled 
anesthesiologist under general anesthesia. Interscalene trunks were 
identified between the anterior and middle scalene muscles. After local 

anesthesia was administered to the skin with 1% lidocaine, the 50-mm 
18-gauge insulated block needle (Contiplex® Tuohy, B. Braun Medi
cal, Bethlehem, PA) was advanced from the lateral to the medial muscles 
so as to place the needle tip in the region between the upper and middle 
trunks (C5–C6) of the brachial plexus. The catheter was then advanced 
until it passed the needle tip, and the needle was withdrawn. 0.75% 
ropivacaine (20 ml) and 0.5% bupivacaine (10 ml) was administered to 
the brachial plexus nerve sheath. During insertion of the needle into the 
interscalene brachial plexus, real-time monitoring with ultrasono
graphic imaging was performed to facilitate accurate local anesthesia 
deposition. General anesthesia was administered to all patients; propo
fol, fentanyl were used in anesthesia induction, and sevoflurane was 
used in anesthesia maintenance. 

Every patients in both group were administered 200 mg of a cyclo- 
oxygenase (COX)-2 inhibitor and a tablet containing a combination of 
37.5 mg of tramadol and 325 mg of acetaminophen in the night until one 
postoperative week. Patients were also given oral medication (lox
oprofen (60 mg)) as needed for severe pain. 

2.3. Surgical technique 

All surgical procedures were performed consistently under general 
anesthesia by a single skilled surgeon, with the patients assuming a 
beach chair position. Arthroscopy was performed through the posterior 
portal. The entire hypertrophic synovial tissue was cleaned up under 
visualization. The contracted capsular structures in the rotator interval 
regions were debrided. Suture anchors were used for standard ARCR. 
Repair of all rotator cuff tears was performed using the Healix Trans
tend™ Implant System (Healix BR; Depuy-Synthes Co., Raynham, MA, 
USA) loaded with 3 high-strength sutures (Versalok Anchor; Depuy- 
Synthes Co.). The number of anchors used depended on the tear size 
and repair configuration for suture-bridge repair. The patients under
went a tenotomy or tenodesis for lesions of the long head of the biceps. 

The same postoperative protocol was used in both the IA and IBPB 
groups. An abduction brace was used to immobilize the shoulders for 4 
weeks. On the day after the surgery, the patients began performing 
isometric rotator cuff exercises, passive exercises for forward flexion, 
and relaxation of the muscles around the shoulder girdle; this was fol
lowed by active and active-assisted exercises after the immobilization 
period. Six weeks postoperatively, the patients began performing exer
cises to strengthen the rotator cuff and scapular stabilizers. A physical 
therapist provided rehabilitation for more than 3 months. All patients 
required at least 6 months to fully resume sports or heavy physical labor. 

2.4. Statistical analysis 

Unpaired t-tests were used to compare the differences in the VAS 
scores between the groups at 24, 48, and 72 h postoperatively. Fisher’s 
exact test was used for categorial variables. A p-value<0.05 was 
considered statistically significant. All the analyses were conducted 
using SPSS® v25.0 (IBM Inc., Armonk, NY, USA). 

3. Results 

The basic demographic characteristics of the patients are summa
rized in Table 1. The demographic data were not significantly different 
between the two groups. 

The VAS scores for night pain in the IBPB group were significantly 
lower than those in the IA group for the first 24 h postoperatively (8.6 ±
1.6 vs. 7.1 ± 2.9, respectively, p = 0.017). In contrast, the VAS scores for 
night pain in the IA group were significantly lower than those in the 
IBPB group at 72 h postoperatively (3.3 ± 2.5 vs. 4.6 ± 2.5, respectively, 
p = 0.024). Other scores were not significantly different between the 
two groups (Figs. 1–4). 

Table 1 
Patient demographics and clinical characteristics. There were no significant 
differences in other parameters. Values are presented as mean ± standard de
viation or number of cases.  

Variables IA group (n = 23) IBPB group (n = 43) p value 

Male/Female 9/14 20/23 0.611 
Age (years) 61.6 ± 10.1 63.6 ± 9.3 0.209 
BMI (kg/m2) 23.8 ± 4.6 24.4 ± 3.1 0.280 
Size of rotator cuff tear 

small 4 13 0.562 
medium 14 25 0.913 
large 4 5 0.714 
massive 1 0 0.358 

Procedure of LHB 
tenotomy 11 20 0.951 
tenodesis 1 3 0.687 
nothing 11 20 0.951 

Pre-operative VAS 
at rest 1.8 ± 1.5 1.2 ± 1.4 0.116 
during activity 5.0 ± 2.1 5.3 ± 2.1 0.339 
at night 4.9 ± 2.2 5.1 ± 2.6 0.343 

BMI: Body Mass Index. 
LHB: Long Head of Biceps. 
VAS: Visual Analog Scale. 
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4. Discussion 

IBPB provided superior night pain control at 24 h following ARCR, 
whereas IA provided superior night pain control at 72 h postoperatively. 
To our knowledge, this is the first study to compare the effectiveness of 
postoperative pain control between IA and IBPB in patients who un
derwent ARCR. Studies have investigated the use of multiple approaches 
for postoperative pain control following ARCR, including local analgesic 
injection, continuous interscalene block, regional nerve block, PMDI, 
and IV PCA.2–8 However, a standard postoperative pain control strategy 
remains to be formulated, and such approaches have potential risks, 
limitations, and adverse effects.8,13,14 

Several studies have reported satisfactory outcomes for post
operative pain control with PMDI.15,16 Parvataneni et al. reported that 
local periarticular injection of multimodal drugs plays the most impor
tant role in multimodal pain control.17 Moreover, Vendittoli et al. 
demonstrated favorable outcomes with a local injection to directly block 
the injured or stretched nerves or soft tissues.18 In contrast, Toyooka 
et al. reported that PMDI is inferior to continuous interscalene brachial 
plexus block (CISBPB) for early postoperative analgesia following 
ARCR.8 In their study, patients who received either PMDI or CISBPB 
following ARCR were evaluated based on their VAS scores at 3, 6, 12, 24, 
and 48 h postoperatively. Both treatment groups also received fentanyl 
by intravenous patient-controlled analgesia (IV-PCA). Toyooka et al. 
concluded that patients in the CISBPB group experienced a significantly 
better postoperative analgesia during the first 6 h, and total fentanyl 
consumption by IV-PCA during the first 8 postoperative hours was 
significantly greater in the PMDI group than in the CISBPB group. 

There is no uniform consensus on the use of non-steroidal anti-in
flammatory drugs (NSAIDs) or steroids as intraoperative local injections 
for pain relief. NSAIDs are presumed to effectively reduce pain and 
inflammation; therefore, they are commonly prescribed after orthopedic 
surgical procedures, with minimal requirement of narcotics. However, 
one study found that traditional NSAIDs, as well as a COX-2 inhibitor, 
might impair the tendon-to-bone healing process.19 Steroid injections 
are reported to diminish the mechanical properties of the tendons, 
potentially contributing to a higher rate of re-rupture following rotator 
cuff repair surgeries.20 

The use of interscalene nerve block for shoulder surgeries has gained 
popularity due to its efficacy in controlling postoperative pain1,.21–23 

Multiple studies have shown that it provides excellent pain relief, 
thereby reducing the need for narcotics use in patients undergoing 
shoulder surgeries. Ultrasound-guided injections enable the precise and 
targeted administration of drugs, further contributing to improved 
analgesia.24 The interscalene brachial plexus bolus blockade (IBPBB), 
which blocks the brachial plexus, including the sensory and motor in
nervations of the entire upper extremity, can effectively manage post
operative pain following ARCR.24 

Interscalene nerve block can be administered as a single bolus in
jection at the brachial plexus or as continuous indwelling catheter 
infusion.1,23 Several recent studies have reported the benefits of both 
IBPBB and continuous indwelling catheter infusion for shoulder 
surgeries.1,3,25,26 Abdallah et al. showed that the analgesic effect of 
IBPBB lasts up to 8 h after a shoulder procedure.25 Fredrickson et al. 
reported that interscalene infusion of analgesics reduces pain within the 
first 2 days after a minor arthroscopic shoulder surgery, although no 
data were available for the first 24 h postoperatively26; the patients 
enrolled in Fredrickson et al.’s study underwent minor arthroscopic 
shoulder surgeries, such as acromioplasty, excision lateral clavicle, and 
labral repair, and not conventional rotator cuff repair surgery. Salviz 
et al. compared the recovery profiles of patients who received a single 
interscalene injection with those who received continuous interscalene 
brachial plexus block and general anesthesia following ARCR.3 The 
mean VAS scores were lower on postoperative days 1 and 2 in the 
continuous interscalene brachial plexus block group than in the single 
interscalene injection and general anesthesia group. Moreover, the 

Fig. 1. The VAS scores were not different between the groups at 
preoperatively. 

Fig. 2. The VAS scores for night pain in the IBPB group were significantly lower 
than those in the IA group for the first 24 h postoperatively (8.6 ± 1.6 vs. 7.1 ±
2.9, respectively, p = 0.017). 

Fig. 3. The VAS scores were not different between the groups at 48 h 
postoperatively. 

Fig. 4. The VAS scores for night pain in the IA group were significantly lower 
than those in the IBPB group at 72 h postoperatively (3.3 ± 2.5 vs. 4.6 ± 2.5, 
respectively, p = 0.024). 
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requirement for narcotics for the first 3 days postoperatively was less in 
the former group than in the latter. Kim et al. performed a randomized 
controlled study to evaluate the clinical outcomes of IBPBB and 
patient-controlled interscalene indwelling catheter analgesia (PCIA) for 
relieving pain within 48 h after ARCR.1 The patients enrolled in their 
study were randomized into three groups according to the postoperative 
analgesia method: IBPBB, PCIA, and control. Their study results 
revealed that the VAS scores for the first 2 h postoperatively were 
significantly lower in the IBPBB group than in the PCIA and control 
groups. However, the VAS scores in the IBPBB group were significantly 
higher at 12 and 24 h postoperatively than those in the PCIA group. No 
significant difference was observed in the VAS scores at 48 h post
operatively between the three groups. The analgesic approach was the 
only factor that affected the VAS scores at 24 h postoperatively. More
over, a 2–4% incidence of complications has been reported, including 
brachial plexus injuries and complications related to the respiratory, 
central nervous, and cardiovascular systems.27 Additionally, catheter 
placement is a more time- and labor-intensive process than a single bolus 
injection of a nerve block. A previous study reported that the average 
time required for catheter placement was 30–40 min as compared to 
5–7 min required for a single bolus injection of a nerve block.23 

Intravenous acetaminophen is widely used as one component of 
multimodal therapy for pain management.9,10 A prospective, random
ized, controlled trial reported that multiple doses of intravenous acet
aminophen (1 g) for 24 h was safe and effective for pain control after 
orthopedic surgery.10 Philip et al.9 reported that intravenous acet
aminophen was effective for pain control following total joint arthro
plasty; they concluded that intravenous acetaminophen significantly 
reduced not only the postoperative VAS scores but also the requirement 
for opioids within the first 24 h after primary total knee arthroplasty. 

In our study, although VAS scores for night pain in the IBPB group 
were significantly lower than those in the IA group for the first 24 h 
postoperatively and the scores in the IA group were significantly lower 
than those in the IBPB group at 72 h postoperatively, other scores were 
not significantly different between the groups. Therefore, IA may be 
almost equivalent to IBPB in terms of pain control in the first 72 h 
postoperatively following ARCR. 

There are several limitations to our study. First, the sample size was 
small, and it contained unequal numbers of patients in each group. 
Second, we did not evaluate or compare the two groups in terms of the 
size of rotator cuff tear. Third, we did not evaluate the long-term dif
ferences in the functional outcomes between the groups. 

In conclusion, intravenous acetaminophen demonstrated effective 
postoperative pain control that was comparable to that of interscalene 
brachial plexus block. However, achieving adequate pain control within 
the first 72 h after a surgery remains challenging. More effective and 
safer pain control approaches are required. 
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