
Background: Radiofrequency has seen an increase in use in orthopedics including cartilage lesion debridement in the hip and knee as well 
as many applications in arthroscopic shoulder surgery. The purpose of this systematic review is to evaluate the safety and usage of radiofre-
quency in the shoulder.
Methods: This systematic review was registered with PROSPERO (international registry) and followed the preferred reporting items for 
systematic review and meta-analysis protocols (PRISMA-P) guidelines. Embase and PubMed were searched using: “shoulder,” “rotator cuff,” 
“biceps,” “acromion” AND “monopolar,” “bipolar,” “ablation,” “coblation,” and “radiofrequency ablation.” The title and abstract review were 
performed independently. Any discrepancies were addressed through open discussion.
Results: A total of 63 studies were included. Radiofrequency is currently utilized in impingement syndrome, fracture fixation, instability, 
nerve injury, adhesive capsulitis, postoperative stiffness, and rotator cuff disease. Adverse events, namely superficial burns, are limited to 
case reports and case series, with higher-level evidence demonstrating safe use when used below the temperature threshold. Bipolar radiof-
requency may decrease operative time and decrease the cost per case.
Conclusions: Shoulder radiofrequency has a wide scope of application in various shoulder pathologies. Shoulder radiofrequency is safe; 
however, requires practitioners to be cognizant of the potential for thermal burn injuries. Bipolar radiofrequency may represent a more effi-
cacious and economic treatment modality. Safety precautions have been executed by institutions to cut down patient complications from 
shoulder radiofrequency. Future research is required to determine what measures can be taken to further minimize the risk of thermal 
burns.
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INTRODUCTION 

Radiofrequency (RF) refers to application of thermal energy to 
reorganize tissue on a molecular level and restore normal struc-
ture and function [1]. Traditional RF or electrocauterization re-
fers to the use of thermal energy to treat surgical pathology by 
passing electrical current directly through tissue [1]. RF can be 

delivered through a monopolar or bipolar device [1-3]. Bipolar 
RF represents a safer alternative at lower temperatures, voltages, 
contact pressures, and contact times [1]. These devices create 
high-energy free radicals that can break molecular bonds and ex-
cise soft tissue at relatively low temperatures (40°C–70°C) [2]. RF 
systems are widely used in arthroscopic orthopedic procedures 
for ablation, resection, and coagulation of soft tissues [3]. RF en-
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ergy is not without its risks and does exhibit time-dependent ef-
fects that need to be considered by surgeons [4]. Next-generation 
RF devices utilize plasma energy fields to deliver thermal energy 
to minimize damage to the surrounding soft tissues [1,5]. 

The safety profile of RF has been studied in the knee in the 
context of low-grade cartilage lesions [2]. The safety of RF has 
also been well-studied in the hip for ablating soft tissues [6]. In 
the glenohumeral joint, RF was first studied in the context of in-
stability but resulted in overtreatment [7], permanent tissue 
damage [7], and high failure rates necessitating capsular plication 
[8,9]. However, there are limited reports on the temperature pro-
file and complications in shoulder joint RF. 

In recent years, there have been many studies published re-
garding the use of RF energy in the surgical treatment of many 
shoulder pathologies. In the existing publications regarding RF 
use in the shoulder, the purpose of the equipment is to split and 
partially remove soft tissues [10-20]. However, the safety and 
complications of RF use to debride soft tissue have not been es-
tablished. The purpose of this investigation is to conduct a sys-
tematic review of the currently available literature to evaluate the 
safety and complication profile of RF devices for use in the shoul-
der. 

METHODS 

General 
This systematic review was registered in an international pro-
spective register of systematic reviews (PROSPERO No. CRD 
42021288444.) The Preferred Reporting Items for Systematic Re-
views and Meta-Analyses Protocols (PRISMA-P) guidelines were 
followed. 

Literature Search 
The literature search was performed using Embase and PubMed 
with the keywords displayed in Table 1. The initial literature 
search revealed 1,531 studies. After removal of duplicate articles, 
title and abstract screening was performed on 1,374 studies. Of 
these, 537 studies did not pertain to the use of RF in arthroscopic 
shoulder surgery. Finally, the full-text of 837 studies was screened 
(Fig. 1). 

Study Selection 
Studies were selected according to the inclusion and exclusion 
criteria presented in Table 2. Of note, studies related to shoulder 
capsulorrhaphy usage were excluded, given the high complica-
tion rates of axillary nerve dysfunction, articular cartilage dam-
age, and capsular necrosis [21]. Application of our inclusion and 
exclusion criteria resulted in a total of 63 studies. 

Qualitative Synthesis 
Due to a limited number of high-level clinical studies on the top-
ic and heterogeneous reporting of data, the included studies were 
qualitatively synthesized. The included studies were grouped into 
those that contained data regarding the performance profile of 
RF and those that did not. The performance profile was defined 
as any mention of the temperature profile, safety profile and 

Table 1. Search keywords used in the literature search

Search term category Keywords used
Anatomic location ‘shoulder,’ ‘rotator cuff,’ ‘biceps,’ ‘acromion’
Radiofrequency modality ‘monopolar,’ ‘bipolar,’ ‘ablation,’ ‘coblation,’ ‘turbovac,’ ‘radiofrequency ablation’

Identification of studies via databases and registers
Id

en
tif

ic
at

io
n

In
cl

ud
ed

Sc
re

en
in

g

Records identified from
1,532 Databases 

0 Register

1,374 Records screened

837 Reports sought for 
retrieval 

837 Reports assessed for 
eligibility 

59 Studies included in 
review

39 Reports of included 
studies without 
performance profile

20 Reports of included 
studies with performance 
profile

Records removed before screening:
158 Duplicate records  

0 Records marked as ineligible 
by automation tools 

0 Records removed for other 
reasons 

537 Records excluded

0 Reports not retrieved

Reports excluded
173 Review articles or 

editorial articles
246 Treatment not consisting 

of shoulder pathology 
359 Non-radiofrequency 

techniques, radiofrequency 
denervation, shoulder 
capsulorrhapy, or absence of 
studied outcomes

Fig. 1. The Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses Protocols (PRISMA-P) flow diagram for our study.
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complication rate, or clinical outcomes. These studies were 
grouped accordingly and descriptively summarized in the tables.

RESULTS 

General 
Of our 59 included articles, 39 did not include RF performance 
in terms of temperature profile or complications. The remaining 
20 studies did include at least one of these measures. The studies 
in this review that discuss RF for shoulder arthroscopic orthope-
dic procedures without data on performance profile do provide 
insight regarding the breadth of shoulder RF use and are summa-
rized in Table 3 [10,12-19,22-51]. Table 3 revealed bipolar RF as 
the most commonly used modality. Of the 39 studies depicted in 
Table 3, only 17 (43.6%) specified the RF modality, all of which 
were bipolar. The remaining 22 studies (56.4%) were unspecified. 

Performance Profile 
Studies that disclosed the performance profile of RF usage in the 
shoulder were further analyzed. These studies were grouped by 
temperature profile (Table 4) [3,20,52-62] and complications  
(Table 5) [21,63-68]. 

Temperature Profile 
Our literature review identified two randomized controlled trials, 
two prospective cohort studies, two case series, three cadaveric 
studies, two animal studies, and two basic science studies explor-
ing the temperature profile of RF ablation devices in the shoulder 
(Table 4). 

While comparing RF instruments, Huynh et al. [3] found few 
differences in temperature characteristics. The peak temperature 
during RF usage in subacromial decompression was 32.0°C 
(range, 29.3 °C–43.1°C) [55]. The mean peak temperature of out-
flow fluid was 71.6°C, assumed to mimic wand tip temperature, 
which should be between 40 and 70°C [55]. During the study, 
Barker et al. [55] found the most crucial factor in subacromial 
temperature to be fluid irrigation temperature. For this reason, 
they recommended against the use of warmed irrigation fluid in 
RF. Davies et al. [56] also suggested that irrigation fluid be cooled 

before RF usage. In their case series of 30 patients, subacromial 
bursa temperature during RF with a monopolar device was as-
sessed. Mean (27.8°C) and maximum (41.8°C) temperatures 
were observed well below the chondrocyte damage threshold 
temperature. The authors explained the isolated reading of 
41.8°C to be due to blockage of the RF suction probe [56]. 

Good et al. [58] performed a cadaveric study regarding in-
traarticular temperatures during shoulder RF use. Intraarticular 
temperatures increased above 45°C in each trial. The highest 
peak temperatures were observed when the fluid flow rate was 
0%, while the lowest peak temperatures were observed when the 
fluid flow rate was 100% [58]. No statistical differences in mean 
temperature were observed whether the device was immersed in 
fluid or in direct contact with tissue [58]. Zoric et al. [57] demon-
strated three factors that were critical for maintaining safe in-
tra-articular temperature: rate of flow, distance of device applica-
tion, and duration of usage. This study also suggested that maxi-
mization of irrigation flow, shorter duration of device use, and 
adequate suction techniques further prevent temperature-related 
patient complications and injuries. 

Safety and Complications 
Overall, reports of postoperative complications following RF 
methods were lacking (Table 5). Our literature search revealed 
one prospective controlled trial, one case series, and five case re-
ports that provided significant complication rates or commented 
on the safety profile. The small number of reported complica-
tions from RF usage within the literature was related to increased 
irrigation fluid temperature and was limited to case reports [55] 
and case series [65]. Four cases of second-degree burns were re-
ported by Troxell et al. [65] due to a bipolar RF device being used 
in an unreported number of patients over 4 years. The authors 
[65] attributed these four cases to lack of outflow tubing. Since 
changing their practice, further burn cases have not occurred. 

The most common adverse events of RF use are thermal inju-
ries due to high temperature of the fluid and surrounding tissue 
[3]. Many studies involve novel arthroscopic techniques with RF 
devices, yet parameters of its use such as safety, complications, 
and outcome profiles are poorly detailed within the majority of 

Table 2. Inclusion and exclusion criteria utilized for the identification of relevant studies

Inclusion criteria Exclusion criteria
Treatment regarding radiofrequency usage in during arthroscopic  

shoulder surgery
Non-radiofrequency techniques, radiofrequency denervation or  

shoulder capsulorrhaphy
Clinical, cadaveric, or animal studies Other review articles or editorial articles
Inclusion of data regarding the temperature profile or the safety and 

complication rate
Treatment not consisting of orthopedic pathology or upper extremity
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Table 3. Studies included within this review article where RF device usage occurred without performance outcome disclosure by authors

Study Use Study purpose Device used Radiofrequency  
mode

Amount of  
radiofrequency  

use
Baumgarten et al. [22] Acromioclavicular 

joint reconstruc-
tion

To propose a novel technique for the 
reconstruction of acromioclavicu-
lar joint

Unspecified Unspecified Minor

Cvetanovich et al. [10] Adhesive capsulitis To report outcomes after 360°  
arthroscopic capsular release for 
glenohumeral adhesive capsulitis 
performed in the lateral decubitus 
position

Super Turbovac 90  
(Arthrocare; Smith & 
Nephew, Austin, TX, 
USA)

Coblation Major

Cvetanovich et al. [14] Adhesive capsulitis Description of an arthroscopic 360° 
capsular release method

Super Turbovac 90  
(Arthrocare)

Coblation Major

Arce et al. [13] Adhesive capsulitis To detail an arthroscopic capsular 
release for primary frozen shoulder 
syndrome

VAPR III (DePuy Mitek, 
Raynham, MA, USA)

Bipolar Major

Katthagen et al. [23] Anterior instability Presentation of a novel technique in 
open Latarjet procedure along with 
an arthroscopic Hills-Sachs  
remplissage

Super Turbovac 90  
(Arthrocare)

Coblation Minor

Ganokroj et al. [24] Anterior instability To propose a novel arthroscopic 
technique called the "double 
row-double pulley" in the resto-
ration of a bony Bankart lesion

Super Turbovac 90  
(Arthrocare)

Coblation Minor

Lewington et al. [25] Anterior shoulder 
instability

To present a method for shoulder  
instability using lateral decubitus 
arthroscopic Latarjet procedure

StarVac 90 (Arthrocare) Coblation Minor

Gomes et al. [26] Anterior shoulder 
instability

To present a Marfan’s Syndrome  
patient with recurrent anterior 
shoulder dislocation due to  
hyperlaxity requiring arthroscopic 
treatment

Unspecified Unspecified Major

Saithna et al. [17] Biceps pathology Description of a novel technique to 
transilluminate the bicipital groove 
and identify long head biceps  
tendon

Unspecified Unspecified Minor

Shih et al. [27] Biceps pathology Introduction of a novel technique for 
arthroscopic suprapectoral biceps 
tenodesis utilizing an all suture 
method

Unspecified Unspecified Minor

Valenti et al. [19] Biceps pathology To present a novel technique for  
arthroscopic biceps tenodesis

VAPR Coolpulse 90 
(DePuy Mitek)

Bipolar Major

Daggett et al. [28] Biceps pathology To describe a novel arthroscopic 
technique for bicep tenodesis, the 
“loop lock” technique

Unspecified Unspecified Minor

Saithna et al. [29] Biceps pathology To present a novel method to  
identify the long head biceps  
tendon within the subacromial 
space

Unspecified Unspecified Major

Su et al. [18] Biceps pathology To introduce a novel technique  
utilizing a double knotless screw 
for tenodesis of the long head of 
the biceps

Unspecified Unspecified Minor

(Continued to the next page)
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Study Use Study purpose Device used Radiofrequency  
mode

Amount of  
radiofrequency  

use
Armangil et al. [30] Brachial plexopathy To describe a recollection of  

obstetrical brachial plexus palsy  
released with arthroscopic  
technique

Unspecified Unspecified Minor

Li et al. [31] Coracoclavicular 
ligament repair

Description of a novel technique for 
coracoclavicular ligament repair 
arthroscopically

Unspecified Unspecified Major

Yalizis et al. [32] Impingement  
syndrome

To describe the acquisition of a  
panoramic view of the subacromial 
space arthroscopically

Unspecified device Unspecified Major

Pagán Conesa et al. [33] Impingement  
syndrome

Presentation of intramuscular  
lipoma of supraspinatus muscle 
causing impingement syndrome 
treated arthroscopically

Unspecified device Unspecified Minor

O’Brien et al. [34] Impingement  
syndrome

To introduce a novel technique of 
the "subdeltoid approach" for  
anterior shoulder arthroscopy

Unspecified “radiofre-
quency ablation device”

Unspecified Minor

Mellano et al. [35] Impingement  
syndrome

To propose an optimized technique 
for arthroscopic acromioplasty

Unspecified Unspecified Minor

Valenti et al. [36] Impingement  
syndrome

To describe a novel technique in  
arthroscopic subscapularis  
assessment after removal of the 
coracoid process for shoulder  
impingement prophylaxis

VAPR (DePuy Mitek) Bipolar Minor

Hendrix et al. [37] Other To describe a novel arthroscopic 
technique for Pec Minor release to 
treat shoulder pain and dysfunction

Unspecified Unspecified Minor

Theopold et al. [38] Other To evaluate the accuracy of  
arthroscopic placement versus 
conventional placement of  
coracoclavicular tunnels

Unspecified Unspecified Minor

Scheibel et al. [39] Other To present cases of gracilis tendon 
transclavicular-transcoracoid loop 
technique via arthroscopic  
Tight-Rope

Unspecified Unspecified Minor

Almazan et al. [40] Other To compare and detail the results of 
the indirect bursal technique with 
the direct superior approach (the 
arthroscopic trans-articular distal 
clavicle resection)

VAPR 2 Side Effect 
(DePuy Mitek)

Bipolar Minor

Boileau et al. [41] Posterior instability To introduce data from a novel  
arthroscopic posterior bone block 
technique

Unspecified Unspecified Minor

Parada et al. [15] Posterior instability Description of novel graft transfer 
technique during arthroscopic 
posterior glenoid reconstruction

Super Turbovac  
(Arthrocare)

Coblation Minor

Rausch et al. [42] Postoperative 
stiffness

To describe a novel arthroscopic 
method for restoration of shoulder 
mobility treatment of scapula neck 
fractures

Ambient Super TurboVac 
90 (Arthrocare)

Coblation Major

Bhatia et al. [43] Proximal humerus 
fracture

Introduction of proximal humeral 
plate removal via arthroscopy

Unspecified Unspecified Minor

(Continued to the next page)

Table 3. Continued
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Study Use Study purpose Device used Radiofrequency  
mode

Amount of  
radiofrequency  

use
Park et al. [44] Rotator cuff disease Introduction of a novel technique 

within arthroscopic rotator cuff  
repair

Unspecified Unspecified Minor

Shon et al. [45] Rotator cuff disease To describe a novel tenodesis  
performed via an arthroscopic  
suture anchor technique

Bisector Arthro Wand 
(Arthrocare)

Coblation Minor

Petri et al. [46] Rotator cuff disease To describe a novel technique for 
open reduction internal fixation 
for posterosuperior rotator cuff  
repair and latissimus dorsi transfer

Super TurboVac 90  
(Arthrocare)

Coblation Minor

Laskovski et al. [47] Rotator cuff disease To introduce a novel technique in 
arthroscopic augmentation of  
rotator cuff repair with an acellular 
human dermal allograft

Unspecified Unspecified Minor

Cabarcas et al. [48] Rotator cuff disease To describe the surgical technique  
of a “double-row ”arthroscopic 
subscapularis repair

Super TurboVac 90  
(Arthrocare)

Coblation Minor

Chernchujit et al. [49] Rotator cuff disease To present a novel arthroscopic  
technique for the management of 
high graded bursal sided rotator 
cuff tears

Super TurboVac 90  
(Arthrocare)

Coblation Minor

Boutsiadis et al. [16] Rotator cuff disease To propose a modification of  
superior capsular reconstruction 
with a long head bicep autograft

Super TurboVac 90  
(Arthrocare)

Coblation Minor

Warth et al. [50] Sternoclavicular 
joint disease

To describe a novel technique for  
arthroscopic sternoclavicular joint 
resection

Unspecified Unspecified Minor

Yamakado et al. [51] Suprascapular nerve 
entrapment

To quantify the learning curve  
using the log-linear model for  
arthroscopic suprascapular nerve 
decompression

Unspecified Unspecified Minor

Thompson et al. [12] Adhesive capsulitis To propose a novel technique for 
performing an arthroscopic  
capsular release

DYONICS EFLEX  
(Arthrocare)

Monopolar Major

Table 3. Continued

studies [16,44-49,69]. All four studies reporting these adverse 
events specify second-degree burns as related to direct contact of 
the irrigation fluid from outflow tubing rather than from contig-
uous, elevated intraarticular temperatures [65-68]. Dermal burns 
have been reported during subacromial decompression [66]. 
Surgeons, however, plugged fluid outflow to increase the joint 
tamponade effect for better visibility, resulting in overheated irri-
gation fluid that burned the patient [66]. To decrease the burn 
risk, it is recommended that suction surveillance and high fluid 
outflow be maintained by surgeons [68]. 

DISCUSSION 

In this systematic review of the literature, 63 studies demonstrat-

ed the safety and efficacy of RF devices within the shoulder. Of 
these, 25 studies explicitly studied the temperature profile, safety 
profile, or clinical outcomes. Though the temperature and safety 
profile were reasonably well described, functional or patient-re-
ported outcomes after RF treatment were sparse [10,11,13-19, 
22,23,25-27,29-33,35,39-45,49-51]. 

Our study demonstrated that the landscape of shoulder RF has 
changed significantly since it was originally studied in the con-
text of shoulder instability [1,7,9]. Given the unanimous findings 
of poor outcomes in this setting, RF is largely used for debriding 
soft tissue (Table 3). Yasura et al. [70] demonstrated that bipolar 
RF resulted in significantly less chondrocyte death than unipolar 
RF in the knee. The results of our systematic review seem to be 
in concordance with this and demonstrate a general trend toward 
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the use of bipolar RF in recent years. Though a few studies in our 
literature review demonstrate adverse thermal effect profiles, 
these are limited to case reports [65-67], case series, and cadaver-
ic studies [58]. Shoulder joint temperature increases with the use 
of RF technologies [3,55,58]. The flow of irrigation fluid 
[55,57,58], length of application [55,57], device used [3], and 
proximity of the thermometer to the RF wand [57,58] all impact 
the temperature profile. 

The incidence of RF complications was appropriately reported 
[21,63-68,71] and generally comprised superficial burns related 
to fluid irrigation temperature [65-68]. All of the Level III or 
higher studies reporting temperature profile demonstrate a fa-
vorable profile (Table 5). This is in concordance with the litera-
ture on RF use in the knee [1,5] and hip [6]. Maintenance of in-
flow and outflow circulation, avoidance of plugged arthroscopic 
fluid outflow, avoidance of excess use of coagulation mode [54], 
and monitoring overheating of the tubing can be performed to 
reduce burn complications with RF in the shoulder. It is well 
known that cartilage is more heat-sensitive than other tissues in 
the human body, and this must be considered when treating car-
tilage lesions [1]. 

It is important to consider economic efficiency when deter-
mining the RF modality of choice. Efficiency and cost between 
monopolar RF and bipolar RF in 40 arthroscopic subacromial 
decompression patients were investigated by Diab et al. [72]. The 
mean operative time in the bipolar group was 13 minutes (5–25 
minutes), while it was 21 minutes (10–35 minutes) for the mo-
nopolar RF device group. Bipolar RF decreased the average pro-
cedure time by 8 minutes (p < 0.0001), while simultaneously de-
creasing cost by 83 British Pounds (111 European Euros) per case 
(p < 0.003) in comparison to monopolar RF [72]. Based on these 
results, the authors recommended bipolar RF when clinical judg-
ment deems it appropriate. 

This systematic review is not without its limitations. As a sys-
tematic review of level I–level IV evidence, the findings are limit-
ed to level IV. Due to heterogeneous data reporting, this is a 
comprehensive summary of all studies delineating the use of RF 
in the shoulder as defined by the inclusion and exclusion criteria. 
However, many of the studies included were limited by unspeci-
fied use of RF. Further, our study is unable to comment on the 
clinical outcomes of RF based on the inclusion criteria regarding 
temperature profile and safety/complications of shoulder RF. The 
results pertaining to safety and complication are based on a lim-
ited subset of select articles. Thus, the findings of this study may 
be limited by selection bias. 
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CONCLUSIONS

Shoulder RF has a wide scope of application in various shoulder 
pathologies. Although shoulder RF is safe, it requires practi-
tioners to be cognizant of the potential for thermal burn injuries. 
Protocols regarding irrigation fluid temperature and outflow 
rates should be set by individual institutions to further reduce 
minor patient complications of shoulder RF. Future research is 
required to determine measures to minimize further the risk of 
thermal burn injuries.  
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