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There are many factors to consider when treating rotator cuff 
tendinosis patients. Whether it is deciding between surgical re-
pair or conservative treatment or determining the timing of a 
given method, such details should be discussed and chosen care-
fully. Once a surgical option is decided on, arthroscopic rotator 
cuff repair (RCR) is a standard option for improving postopera-
tive pain and time to recovery compared to the open repair tech-
nique [1]. Studies show that successful healing leads to better 
strength and functional outcomes than incomplete healing [2]. 
Even though successful repair and healing of torn tendons influ-
ence patient outcome, a patient’s preoperative status and postop-
erative rehabilitation are equally important. Although failed re-
pair does not always correlate with low clinical results, as a sur-
geon, one should minimize any risk factors that may compromise 
the likelihood of successful treatment. Predisposing factors such 
as the patient’s age, tear size, and tendon quality are unmodifi-
able, but we can optimize the rehabilitation process postopera-
tively. To improve the healing process for a repaired tendon, the 
patient is routinely immobilized for a certain period (for how 
long is another topic of discussion). This immobilization in turn 
can result in postoperative complications, which can act as sourc-
es of pain and stiffness [3]. Despite its possibility of side effects, 
postoperative subacromial steroid injections can reduce pain and 
stiffness [4]. 
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In “Effects of steroid injection during rehabilitation after ar-
throscopic rotator cuff repair [5],” the authors compared the clin-
ical outcomes of patients who received steroid injections with pa-
tients who did not. The pain and range of motion (ROM) recov-
ery at 3-, 6-, and 24-month follow-up and functional score at 
24-month follow-up were compared. In this study, a patient 
group who received ultrasound-guided subacromial steroid in-
jection at 4 or 6 weeks after arthroscopic RCR exhibited reduced 
pain and ROM recovery time until three months after surgery, 
but there were no significant differences between the groups 
during further follow-up. 

Adverse effects of steroid injections into the rotator cuff in-
clude infection, cartilage toxicity, and inhibiting normal inflam-
matory reactions that may hinder rotator cuff healing [6]. In vi-
tro studies and retrospective studies demonstrated that cortico-
steroid exposure can result in increased failure of tendon healing, 
including poorer results with increased retears [7]. Compagnoni 
and Randelli [8] and Lubowitz et al. [9] also warned about the 
correlation between retears and infections associated with steroid 
injections perioperatively. In particular, the authors of “Effects of 
steroid injection during rehabilitation after arthroscopic rotator 
cuff repair [5]” chose the timing (4–6 weeks postoperatively) and 
type (ropivacaine) of injection with this in mind, in an effort to 
avoid normal inflammatory phases and cartilage toxicity. Similar 
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studies showed that perioperative injections can improve surgical 
results. Kim and Jung [10] showed that intraarticular steroid in-
jection administered at 6 weeks postoperatively successfully re-
duced shoulder stiffness. Nakamura et al. [11] showed that pre-
operative hyaluronic acid injection improved functional out-
comes. 

Perioperative steroid injections for rotator cuff tear repairs is a 
highly debatable topic considering the possible side-effects. How-
ever, this does not mean steroid injection should be discarded al-
together. Data regarding possible adverse effects can aid in prop-
erly weighing risk-benefit for RCR patients. As shown in the cur-
rent study, short-term improvement in pain and ROM can great-
ly affect patient satisfaction and early recovery to daily life. Fur-
ther studies considering prospective designs with more investiga-
tion into the optimal dosage, timing, and regimen of injection 
would be helpful. 
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Background: To evaluate clinical and radiological outcomes of bony increased offset-reverse total shoulder arthroplasty (BIO-RSA) in the 
Asian population at mid-term follow-up. 
Methods: From June 2012 to August 2017 at a single center, 43 patients underwent BIO-RSA, and 38 patients with minimum 2 years fol-
low-up were enrolled. We evaluated the clinical and radiological outcomes, and complications at the last follow-up. In addition, we divided 
these patients into notching and no-notching groups and compared the demographics, preoperative, and postoperative characteristics of 
patients. 
Results: Visual analogue scale, American Shoulder and Elbow Surgeons, University of California-Los Angeles Shoulder Scale, and Simple 
Shoulder Test scores improved significantly from preoperative (5.00, 3.93, 1.72, 3.94) to postoperative (1.72, 78.91, 28.34, 7.66) (p<0.05) 
outcomes. All range of motion except internal rotation improved significantly at the final follow-up (p<0.05), and the bone graft was 
well-incorporated with the native glenoid in all patients (100%). However, scapular notching was observed in 20 of 38 patients (53%). In the 
comparison between notching and no-notching groups (18 vs. 20 patients), there were no significant differences in demographics, radio-
logical parameters, and clinical outcomes except acromion-greater tuberosity (AT) distance (p=0.003). Intraoperative complications includ-
ed three metaphyseal fractures and one inferior screw malposition. Postoperative complications included ectopic ossification, scapular neck 
stress fracture, humeral stem relaxation, and late infection in one case each. 
Conclusions: BIO-RSA showed improved clinical outcomes at mid-term follow-up in Asian population. However, we observed higher 
scapular notching compared to the previous studies. In addition, adequate glenoid lateralization with appropriate humeral lengthening (AT 
distance) might reduce scapular notching. 

Keywords: Bony increased offset-reverse total shoulder arthroplasty; Scapular notching; Graft incorporation; Complications; Glenoid later-
alization
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INTRODUCTION 

Reverse total shoulder arthroplasty (RSA) is a relatively new devel-
opment in the field of shoulder surgery and is undergoing constant 

refinement. However, there is no consensus on the single best im-
plant design or technical aspects of the procedure. The history of 
RSA dates to the 1970s when this concept of reversing was pro-
posed for the first time [1]. There are many modifications to the 
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initial design, but none have been accepted to date as the implant of 
choice. RSA designs are primarily based on the pioneering work of 
Grammont who first proposed the concept of medialization and 
distalization of the center of prosthesis rotation [2]. Nevertheless, 
this prosthesis exhibited design-related complications such as scap-
ular notching, instability, and aseptic loosening on long-term fol-
low-up, requiring further refinement. While instability is a compli-
cation that can be addressed using thicker poly-liner or metallic hu-
meral spacers, which will achieve greater deltoid tension and better 
balancing of the prosthesis, aseptic loosening has been shown to be 
reduced with uncemented stem implantation and remains more of 
a complication of cemented stems [3]. However, notching remains 
the most common complication that requires surgical technique 
modification or implant design modification or both and has yet to 
be addressed. Inferior overhang of the glenosphere, inferior tilting 
of the glenosphere, lateralization of the center of the prosthesis rota-
tion by increasing glenosphere arc, and metal augmentation of the 
glenosphere are described to prevent scapular notching [4,5]. 

However, these techniques have drawbacks. Inferior tilting of 
the glenosphere can increase tension on the deltoid and has been 
shown to reduce the longevity of the implant [6,7]. Increasing the 
glenosphere arc or adding metal augments shifts the center of 
prosthesis rotation within the glenoid component and increases 
the unbalanced load on the glenoid component with each move-
ment, which can lead to early glenoid component loosening [8]. 
As an alternative to these techniques, bony increased offset-RSA 
(BIO-RSA) was proposed to use autograft harvested from the pa-
tient’s humeral head to lateralize the glenoid baseplate. This tech-
nique has been proposed to maintain the center of rotation at the 
bone implant interface, providing dual benefits of lateralizing the 
center of rotation to reduce scapular notching and improvement 
in rotations, while also preventing unbalanced loading of the gle-
noid component [9]. However, controversy remains about devel-
opment of notching after BIO-RSA (Fig. 1). 

The purpose of this study was to evaluate the clinical and ra-
diological outcomes of BIO-RSA in the Asian population at the 
mid-term follow-up. We hypothesized that BIO-RSA would lead 
to improved clinical outcomes in indicated patients along with 
less scapular notching and postoperative complications. 

METHODS 

This study was approved by the Institutional Review Board of 
Daejeon St. Mary’s Hospital (IRB No. C17RESI0067). Informed 
consent was obtained from the patients included in this study. 

This is a retrospective study of 38 patients who underwent 
RSA using the bony increased offset technique (BIO-RSA) from 

June 2012 to August 2017 at a single center. All the patients pre-
sented during the study period with cuff tear arthropathy, mas-
sive retracted irreparable cuff tear (Patte stage 3 or Goutallier 
stage 3/4), primary/secondary glenohumeral osteoarthritis with 
massive cuff tear, recurrent shoulder dislocation with massive 
cuff tear, or glenoid fracture sequela were included in the study. 
We excluded acute proximal humerus fracture, avascular necro-
sis, and revision RSA cases. In acute proximal humerus fracture, 
BIO-RSA was not attempted as the primary treatment because of 
concerns of the non-availability of adequate humeral head bone 
stock for autograft harvesting. In addition, patients younger than 
65 with massive cuff tears received an alternate form of treatment 
(partial repair or superior capsule reconstruction) and were not 
included in the study. We also operated on three revision RSA 
cases during the study period (two humeral head allografts and 
one iliac autograft) with BIO-RSA. However, patients who re-
ceived revision surgery were not included in the study. All the 
patients were operated on by a single surgeon, the senior author 
of this study. A 36-mm glenosphere and 25-mm-diameter gle-
noid baseplate with 25-mm peg length was used without inferior 
tilting. For the humeral stem, we used the cemented stem in 30 
patients and uncemented stem in eight patients.  

Glenohumeral arthritis along with cuff retraction and fatty in-
filtration (Goutallier stage) was evaluated in all patients preoper-
atively. Glenoid morphology was classified according to the types 
described by Walch et al. [10] to aid in planning and positioning 
of the glenoid component intraoperatively. Postoperatively, all 
patients were followed for a minimum of 2 years (mean, 3 years). 
The average follow-up period was 36.7 ± 16 months (range, 24–
78 months). Postoperative outcomes were evaluated with radio-
graphs, clinical scores, and range of motion evaluations. Radio-
graphic follow-ups included three monthly shoulder X-rays 
during the first year after operation and yearly X-rays thereafter. 
We evaluated scapular notching, signs of osteolysis, and implant 

Fig. 1. (A) Immediate X-ray showing graft placement on the glenoid. 
(B) Two-year follow-up X-ray showing grade 3 scapular notching 
(arrow).
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(glenoid and humeral components) loosening. Scapular notching 
was classified according to the Nerot-Sirveaux classification at 
the final follow-up. Specifically, we evaluated postoperative ra-
diologic parameters including peg-glenoid rim distance (PGRD), 
prosthesis-scapular neck angle (PSNA), acromion-greater tuber-
osity (AT) distance, and glenoid-greater tuberosity (GT) distance. 
PGRD was measured to assess the inferior positioning of the 
baseplate, PSNA to assess the inferior tilt, AT distance to assess 
the amount of humeral lengthening, and GT distance to assess 
the amount of medialization or lateralization of the humerus. 
The clinical outcome evaluation included American Shoulder 
and Elbow Surgeons (ASES), University of California-Los Ange-
les (UCLA), Simple Shoulder Test (SST), and visual analog scale 
(VAS) scores along with range of motion evaluation. Finally, we 
divided patients into notching and not-notching groups and 
compared the demographics, preoperative, and postoperative 
characteristics of the patients between the two groups. 

Surgical Technique 
All the patients were operated in the beach chair position under 
general anesthesia supplemented with interscalene block. The 
deltopectoral approach was used in all the cases. After identifying 
the cephalic vein and retracting it laterally, the plane was developed 
between the deltoid and pectoralis major muscles. Upper fibers of 
the pectoralis major tendon were released from its attachment site, 
leaving approximately 5 mm of stump laterally to repair at the end 
of the procedure. Next, the clavipectoral fascia was incised, and the 
conjoined tendon was identified and retracted medially. The sub-
scapularis and identified vessels running across its inferior margin 
were ligated. Next, the biceps long head tendon was tagged and te-
notomized, and then the subscapularis was tagged and removed 

from its humeral attachment at the lesser tuberosity. The humeral 
head was dislocated, and a humeral cut was performed using the 
standard preparation guide with 20° retroversion. A cut guide was 
placed over the graft, and a saw blade was used to create a 7-mm 
or 10-mm grafting area. We always harvested an autograft of 
7-mm thickness from the excised humeral head because autografts 
10 mm in thickness created too much tension in the shoulder joint 
during reduction of the prosthesis. The glenoid was prepared in 
standard fashion with minimum reaming up to the subchondral 
bone. The harvested graft was fitted in the 25-mm-diameter gle-
noid baseplate with 25-mm peg length and was inserted in the pre-
drilled peg hole without inferior tilting (neutral) (Fig. 2) Usually, 
the baseplate was fixed with four screws, and then the 36-mm gle-
nosphere was implanted. Next, the humeral stem was prepared in 
standard fashion with the stem guide and 20° retroversion. Trial 
stems were inserted, and the tension and stability were measured 
before final humeral stem implantation. Trans-osseous holes were 
drilled followed by the passage of No. #2 ethibond from the holes 
before the final stem insertion for subscapularis reattachment. The 
humeral stem was inserted, the tension was measured again with 
trial liner, and the subscapularis tendon was reattached. This was 
followed by liner insertion as per the trial size and reduction of the 
prosthesis. Two drains were inserted to reduce fluid or hematoma 
collection in the dead space followed by wound closure in layers. 

Postoperatively, we immobilized all the patients in an abduc-
tion brace for 6 weeks. Only elbow, hand, and wrist mobilization 
were allowed along with pendulum exercises. At 6 weeks, the 
brace was weaned off and gradual mobilization was initiated 
which was continued for 3 months postoperatively. After 3 
months, gradual strengthening exercise programs were adopted.

Fig. 2. Preoperative axial computed tomography scan (A) and magnetic resonance imaging (B) showing type C glenoid (C) with intraoperative
placement of an autograft on the glenoid baseplate. Preoperative mid-axial computed tomography showed the glenoid version (glenoid version 
is calculated as the angle between the glenoid line and the line perpendicular to the scapular axis).

A B C
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Statistical Analysis  
A p-value <0.05 was defined as statistically significant. All statisti-
cal analyses were performed using the IBM SPSS ver. 20.0 (IBM 
Corp., Armonk, NY, USA). Measurements were expressed as 
mean ±standard deviation with a confidence interval of 95% for 
continuous variables. To determine the impact of intervention,  
we used the paired t-test to compare postoperative with preopera-
tive measurements. Internal rotation was scored as per the level of 
vertebrae. Starting from Sacrum as 0 each lumbar vertebra was giv-
en score +2 (ie L5–2 , L4–4....L1–10). T12 was scored as 12 and 
subsequent thoracic vertebra was scored +1 (ie T11–13, T10–
14...T3–21).

Table 1. Patient demographics and etiology of our study

Parameter Value
Age (yr) 72.9± 5.6
Sex (male:female) 9:29
Body mass index (kg/m2) 24.8± 3.2
Follow-up period (mo) 36.7± 16 (24–78)
Etiology

Cuff tear arthropathy 22
Recurrent shoulder dislocation due to 

massive cuff tear
3

Osteoarthritis with poor quality cuff 2
Isolated massive irreparable cuff tear 10
Glenoid fracture sequelae 1

Glenoid type (Walch classification)
 A1 24
 A2 3
 B1 7
 B2 3
 C 1
Values are presented as mean±standard deviation, number of patients, 
or mean±standard deviation (range).

Table 2. Clinical scores and range of motion with p-value

Parameter Preoperative Postoperative p-value
VAS score 5.00± 1.66 1.72± 1.28 NS
ASES score 3.93± 2.58 78.91± 11.83 NS
UCLA score 1.72± 1.28 28.34± 3.34 NS
SST score 3.94± 3.50 7.66± 2.02 NS
Range of motion (°)

Forward elevation 101.67±  35.65 134.86± 18.28 NS
 Abduction 93.65± 37.17 132.84± 19.74 NS

External rotation 22.30± 12.78 31.35± 11.47 NS
Internal rotation 5.81± 5.51 7.32± 3.92 0.138

Values are presented as mean±standard deviation.
VAS: visual analog scale, ASES: American Shoulder and Elbow Surgeons, UCLA: University of California-Los Angeles, SST: Simple Shoulder Test, 
NS: not significant.

Table 3. Notching at the 2-year follow-up

Scapular notching grade Two-year follow-up
0 (No notching) 18
1 9
2 9
3 2
4 0

RESULTS 

There were 9 males and 29 females in our study, with an average 
age of 72.9 ± 5.6 years (range, 64–87 years). The average BMI of 
the patients was 24.8 kg/m2 (range, 18.8–33.2 kg/m2) (Table 1). 

According to the Hamada classification [11], there were six pa-
tients with grade 4B, five patients with grade 4A, nine patients 
with grade 3, 10 patients with grade 2, and eight patients with 
grade 1 arthropathy. Grade 1 patients either had a history of re-
current dislocation or had isolated massive irreparable cuff tear. 
As per the study by Walch et al. [10], there were 24 patients with 
A1, three patients with A2, seven patients with B1, and three pa-
tients with B2 types of glenoid and one patient with type C gle-
noid. Improvement in clinical parameters with p-values are 
shown in the table below (Table 2). All the scores, namely ASES, 
UCLA, SST, and VAS, improved significantly postoperatively 
compared to the preoperative status. In addition, active forward 
flexion, abduction, and external rotation improved significantly 
compared to the preoperative status (p < 0.05). Internal rotation 
also exhibited improvement compared with preoperative scoring. 
However, this improvement was not significant (p = 0.138). Ra-
diolucent lines around the humeral stem were observed in 16 of 
38 patients (42.11%). However, only one patient developed stem 
loosening at 3 years follow-up. Glenoid graft was incorporated in 
all the patients (100%). Scapular notching was observed in 20 of 
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38 patients (53%), and the grading distribution is shown below 
(Table 3). In the comparison between notching and not-notching 
groups, there were no significant differences between the two 
groups in demographics, radiological parameters, and clinical 
outcomes except AT distance (p = 0.003) (Table 4). In addition, 
the PSNA, PGRD, and GT distance exhibited no significant dif-
ferences between the two groups (p = 0.940). 

Intraoperative complications of our study included one inferi-
or screw malpositioning and three humeral metaphyseal frac-
tures, which were treated with simple wiring. Postoperative com-
plications observed were one heterotopic ossification (1.5 
months), one scapula neck fracture (27 months) (Fig. 3), one hu-
meral stem loosening, and one late infection. The humeral stem 
loosening patient presented with occasional pain (VAS 2) and re-
striction of motion (forward flexion 110, abduction 110, external 
rotation 20, and internal rotation L4). However, she refused to 
undergo revision surgery (Fig. 4). The infection case presented at 

Table 4. Comparisons between the no-notching and notching groups in our study

Variable No-notching group (n= 18) Notching group (n= 20) p-value
Age (yr) 71.8± 5.2 73.9± 5.9 0.273
Sex (male:female) 4:14 5:15 0.943
BMI (kg/m2) 24.9± 3.6 24.6± 2.9 0.771
PSNA (º) 109.9± 20.9 104.5± 15.1 0.541
PGRD (mm) 21.5± 4.7 24.6± 9.4 0.223
AT distance (mm) 39.9± 7.3 47.7± 7.2 0.003
GT distance (mm) 44.7± 7.6 44.5± 6.5 0.940
Preoperative
 VAS 5.1± 1.4 4.9± 1.8 0.840
 ASES 44.0± 23.1 34.1± 21.3 0.840
 UCLA 18.5± 7.0 13.7± 7.5 0.057
 SST 4.2± 2.9 3.5± 2.3 0.452
Postoperative
 VAS 1.6± 0.7 1.2± 0.8 0.055
 ASES 78.2± 12.2 80.1± 11.7 0.642
 UCLA 28.6± 3.6 28.2± 3.2 0.738
 SST 7.4± 2.3 8.3± 1.5 0.134
Preoperative

Forward flexion (º) 100.6± 27.6 105.0± 38.9 0.693
Abduction (º) 91.4± 33.9 95.8± 40.8 0.724
External rotation (º) 21.9± 11.5 22.6± 14.2 0.873
Internal rotation Lumbar vertebrae 3 (sacrum-T7) Lumbar vertebrae 3 (sacrum-T7) 0.797

Postoperative
Forward flexion (º) 133.9± 17.2 135.8± 20.4 0.757
Abduction (º) 128.6± 18.7 136.8± 20.4 0.209
External rotation (º) 29.7± 10.2 32.9± 12.6 0.408
Internal rotation Lumbar vertebrae 2 (L5–T7) Lumbar vertebrae 2 (L5–T8) 0.816

Values are presented as mean±standard deviation.
BMI: body mass index, PSNA: prosthesis-scapular neck angle, PGRD: peg-glenoid rim distance, AT: acromion-greater tuberosity, GT: glenoid-great-
er tuberosity, VAS: visual analog scale, ASES: American Shoulder and Elbow Surgeons, UCLA: University of California-Los Angeles; SST: Simple 
Shoulder Test.

Fig. 3. (A) Scapular neck stress fracture (arrow) developed after triv-
ial trauma. (B) Callus formation (arrow) observed at 3 months with 
conservative treatment.
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33 months after the primary procedure (RSA) and was treated 
with implant removal and prosthesis of antibiotic-loaded acrylic 
cement (PROSTALAC) insertion (Fig. 5). 

DISCUSSION 

Our study showed that, in Asian populations with a minimum of 
2-year follow-up, BIO-RSA exhibited significantly improved clinical 
outcomes and range of motion except for that of internal rotation. 
The overall rate of notching was 53% (20/38). However, there was 
no case of grade 4 glenoid notching, and 100% graft incorporation 
and no glenoid loosening were observed at the last follow-up. In the 
comparison between the “notching” and “no-notching” groups, 

there were no significant differences in demographics, radiological 
parameters, and clinical outcomes except AT distance. 

Previously, few studies have reported outcomes of BIO-RSA. 
This is the first study reporting BIO-RSA outcomes in the Asian 
population. Conventional RSA is known to produce scapular 
notching, exhibit less improvement in rotational movements, im-
pinge on free movements, and result in poor cosmesis due to 
medialization of the center of rotation [12]. Boileau et al. [9] 
originally described the method of BIO-RSA in 2011 to solve 
these issues. Unfortunately, since then, not many clinicians have 
adopted this technique. According to their results, the humeral 
autograft incorporated completely in 98% of cases (41/42) and 
partially in one. At a mean of 28 months postoperatively, no graft 
resorption, glenoid loosening, or postoperative instability was 
observed. We also observed 100% graft incorporation with no 
glenoid loosening or instability. In their study, significantly in-
creased active anterior elevation and external rotation were noted 
at the final follow-up, similar to our findings. They reported infe-
rior scapular notching in 19% (8/42) and 86% (36/42) of patients 
in their series who were able to internally rotate sufficiently to 
reach their back over the sacrum. Although internal rotation im-
provement was observed in our study similar to that in their 
study, with 37 of 38 patients being able to internally rotate to 
reach above the sacrum, the rate of notching was 20 of 38 (53%), 
which is much higher than their reported rate. However, this rate 
of notching (53%) is less than the reported rates of notching with 
conventional RSA ( > 63%) [2,13]. 

There have been few studies reporting on BIO-RSA outcomes, 
but their reported results are not similar. Kirzner et al. [14] pub-Fig. 4. (A) Immediate postoperative X-ray. (B) Aseptic loosening of 

the cemented humeral stem (arrow).

Fig. 5. (A) Immediate postoperative X-ray. (B) Thirty-three-month follow-up with acute onset infection X-ray showing scapular notching with 
no definite radiologic findings of infection. (C) Three months after prosthesis of antibiotic-loaded acrylic cement insertion.

A B

A B C
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lished a comparative study between conventional and BIO-RSA. 
There was bone graft incorporation in all BIO-RSA with no evi-
dence of graft resorption. However, the BIO-RSA technique was 
associated with an increase in scapular stress fracture rate com-
pared to the standard RSA (9.1% in standard RSA and 16.7% in 
BIO-RSA); this difference was not significant (p = 0.64). We also 
had one case of scapular neck stress fracture that was managed 
conservatively. In the same study, a statistically significant differ-
ence was identified when comparing the rates of scapular notch-
ing (standard RSA 68% vs. BIO-RSA 33%; p = 0.028). Another 
study by Collin et al. [15] did not demonstrate any advantage of 
BIO-RSA over conventional RSA including scapular notching. 
However, their notching rate was low (5%) compared to our 
study. Contradictory to this, Athwal et al. [16] reported a signifi-
cantly higher frequency of scapular notching (p = 0.022) in the 
RSA cohort compared to the BIO-RSA cohort: 75% versus 40%, 
but no other outcome measurements were statistically different, 
including range of motion, strength, and validated outcome 
scores in their study. All of their patients had grade I/II notching. 
In our study, 90% (18/20) of patients developed grade I/II notch-
ing, while the remaining 10% (2/20) exhibited grade III notching. 
This high-grade notching is much lower than considered with 
conventional RSA ( > 25%) [2,17]. 

We believe multiple factors should be consider for notching, 
including humeral neck shaft angle, inferior overhang of the gle-
nosphere, inferior tilting of the glenosphere, and increasing gle-
nosphere arc [4,5]. The reason for scapular notching is usually to 
achieve contact between the liner and bone at the terminal range 
of motion, especially for adduction and internal rotations. Bone 
graft on the glenoid allows relatively greater impingement-free 
motion, i.e., instead of the curved inferior border of the glenoid, 
there is a horizontal inferior border of the glenoid after grafting, 
similar to the long neck scapula. This can increase free range of 
motion to a certain extent but cannot prevent the liner from con-
tacting the glenoid at the terminal range of motion in adduction 
and internal rotation. However, further biomechanical studies 
are required to quantify this hypothesis. Moreover, in the com-
parison between “notching” and “no-notching” groups, there 
were no significant differences in demographics, radiological, or 
clinical outcomes except AT distance (p = 0.003). This AT dis-
tance was used to assess the amount of humeral lengthening. The 
GT distance to assess the amount of lateralization of the humerus 
exhibited no significant difference between the two groups 
(p = 0.940). We believe that humeral lengthening (increased AT 
distance) without adequate glenoid lateralization caused the hu-
meral component to impinge inferiorly on the glenoid and po-
tentially lead to increased notching. We typically used 7-mm-

thick autografts rather than 1-cm-thick autografts as described in 
the original technique. In the small body-sized Asian population 
compared to the Caucasian population, 1-cm-thick autografts 
can create too much tension during reduction of the prosthesis. 
However, small glenoid lateralization combined with humeral 
lengthening could create more notching than expected, and ade-
quate glenoid lateralization with appropriate humeral lengthen-
ing could reduce scapular notching.  

In addition, higher rates of notching observed in our study 
compared to other BIO-RSA studies might be because of our 
study population and prosthesis sizing limitations. As already 
quantified, the East Asian population has smaller glenoid sizes, 
especially females [18,19]. This reverse prosthesis design was not 
originally designed to their morphology. All our patients were 
implanted with 25-mm base plate with 36-mm glenosphere, 
which was not the case with the previous study. Athwal and 
Faber [20] reported a 62% notching rate with 25-mm glenoid 
base plates (without bony increased offset) in their series; this 
was not near our rate of notching (60.5%). Many studies have 
shown reductions in notching and higher impingement-free ad-
ductions with larger glenosphere of diameter of 42 or 44 mm 
compared to 36- or 38-mm-diameter glenosphere, which also 
can explain the notching rate in our study [21-25]. 

Boileau et al. [17] expanded on the application of BIO-RSA 
and reported their outcomes in glenoid deficiencies using angled 
BIO-RSA with trapezoidal grafts. However, in our study, we had 
three cases of severe glenoid defects, but they were managed with 
standard humeral head autograft (similar to trapezoidal graft) 
only without any complications. As an alternative to BIO-RSA, 
two other lateralization options are available with metallic gle-
noid lateralization and humerus lateralization. Metallic glenoid 
lateralization is a similar concept to the lateralized center of rota-
tion. Results as reported by Cuff et al. [26] are encouraging, with 
reduced rates (9%) for scapular notching and no glenoid loosen-
ing. However, they reported 3% asymptomatic humeral stem 
loosening, which is a concern. In addition, Harman et al. [8] re-
ported substantially increased moments (69%) at the base-
plate-bone interface, which possibly could lead to loosening of 
the baseplate and has been a particular concern with this tech-
nique of lateralization. In our study with BIO-RSA, we encoun-
tered one humeral stem loosening case. The overall rate of radio-
lucent lines around the humeral stem in our study was 44.74% 
(46.66% for cemented stems vs. 25% for un-cemented stems). 
Though our aseptic loosening rate was similar to that of other 
studies, the finding of radiolucent lines is higher than reported 
with conventional RSA (15.9% for cemented stems and 9.5% for 
uncemented stems) [27]. 
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The introduction of humerus lateralization has been a recent 
development and has exhibited good results. Franceschetti et al. 
[28] in their comparative study between BIO-RSA and 145° on-
lay curved stems showed similar clinical outcomes with equally 
reduced rates of scapular notching. Only significant improve-
ment in the BIO-RSA group over the curved stem group was  in-
creased external rotation in their study. However, it did not result 
in improved functional outcomes. The curved humeral stem 
provides an easier lateralization alternative compared to BIO-
RSA. In an analysis of 485 consecutive cases, scapular spine frac-
tures exhibited increased prevalence after the humeral onlay 
curved short stem design RSA [29]. Long-term comparative 
studies are needed to prove the superiority of either method. 

There were six complications in our series. The first involved 
one case of heterotopic ossification observed on the X-ray at 1.5 
months postoperatively. Verhofste et al. [30] reported a very high 
incidence (29.5%) of heterotopic ossification following RSA. Al-
though this incidence is much higher than that in our study, the 
point of similarity between their study and our study is the timing 
of heterotopic ossification. They have reported that 81.6% of het-
erotopic ossification developed within the first three months post-
operatively, similar to our findings. Also, in our study, patients 
with heterotopic ossification did not have an altered functional 
outcome compared to other patients, similar to their findings. 

The second complication was inferior screw malposition, also 
observed in one case. The screw was from the inferior aspect, di-
rected inferior to the inferior border of the glenoid and lateral 
border of the scapula. However, no glenoid loosening was ob-
served at the mid-term follow-up. This was a technical complica-
tion, and we now prefer an almost horizontal direction of the 
screw especially in long neck scapula patients. 

The third complication was intraoperative humerus metaphy-
seal fracture in three patients and was treated with circumferen-
tial cerclage wiring. None of the patients developed subsidence of 
the stem. However, gradual resorption of bone was noted at the 
medial calcar area and GT area without any signs of subsidence/ 
loosening on subsequent X-rays.  

As already mentioned previously, we noted one case of humeral 
stem loosening in one of the patients with a cemented stem with-
out any signs of infection. The patient complained of occasional 
pain (VAS 2). Upon examination, there was restriction of motion 
(forward flexion 110, abduction 110, external rotation 20, and in-
ternal rotation L4) and in the radiographs, lysis around the hu-
meral stem with rotation. Infection was ruled out, and the patient 
was advised to undergo revision of the stem to further improve 
the clinical outcome. However, because of minimal complaints 
from the patient and their advanced age (80 years), she did not 

want to undergo the revision operation. This case was similar to 
others with the aseptic loosening rate (1.18%) observed with the 
cemented humeral stem as reported by Gilot et al. [3]. 

The fifth complication was one case of late infection develop-
ing 33 months after surgery. The patient was treated with PROS-
TALAC (antibiotic impregnated cement) insertion, and has yet 
to receive revision prosthesis surgery. The patient is 1 year post-
operative after PROSTALAC insertion with healing of the wound 
and was unable to receive revision surgery due to aggravated co-
morbidities (pacemaker and age 91 years at present, the oldest 
patient in our study). As reported in the literature, functional 
outcomes of infection patients are usually poorer than those of 
primary RSA [31], and the same was found in our study. The 
sixth complication as described previously was a non-traumatic 
scapula fracture which developed after 27 months of the primary 
procedure. The fracture occurred at the site medial to the tip of 
the glenoid screws and was minimally displaced. Kirzner et al. 
[14] reported significantly higher scapula stress fractures with 
BIO-RSA compared to conventional RSA. However, our rate was 
much lower than that of their series (2.6% vs. 16.7%), and this 
complication must be considered while using BIO-RSA. The pa-
tient was managed conservatively with an arm sling for 6 weeks. 
Three-month X-ray revealed callus formation with no impact on 
the functional outcome. 

There are several shortcomings of our study. First, we did not 
include a cohort against which to compare our data, limiting anal-
ysis of the particular method for a definite conclusion. Second, we 
relied on X-rays to assess autograft incorporation rather than per-
forming postoperative CT scans in every patient. However, arti-
facts can obscure postoperative CT. Third, the study design was 
retrospective, and the number of patients (38 patients) was too 
small and underwent only a minimum of 2 years of follow-up. 

BIO-RSA is a promising modification in the conventional RSA 
design, showing improved clinical outcomes with similar rates of 
complications in the short-term compared to conventional RSA. 
However, we observed higher rates of scapular notching than re-
ported in a previous series with no impact on functional out-
come. In addition, adequate glenoid lateralization with appropri-
ate humeral lengthening could reduce scapular notching. More 
long-term comparative studies with newer concepts like humeral 
lateralization must be conducted to adequately prove the superi-
ority of either method. 
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INTRODUCTION 

Rotator cuff retear after arthroscopic rotator cuff repair (ARCR) 
significantly lowers the likelihood of a good clinical outcome and 
is therefore clinically important [1]. Rotator cuff retear rate rang-
es from 7.2% to 94% [2-5]. The risk factors for rotator cuff retear 

Background: We hypothesized in this study that the characteristics of retear cases vary according to surgeon volume and that surgical out-
comes differ between primary and revision arthroscopic rotator cuff repair (revisional ARCR). 
Methods: Surgeons performing more than 12 rotator cuff repairs (RCRs) per year were defined as high-volume surgeons, and those per-
forming fewer than 12 RCRs were considered low-volume surgeons. Of the 47 patients who underwent revisional ARCR at our clinic en-
rolled in this study, 21 cases were treated by high-volume surgeons and 26 cases by low-volume surgeons. In all cases, the interval between 
primary surgery and revisional ARCR, degree of “acromial scuffing,” number of anchors, RCR technique, retear pattern, fatty infiltration, 
retear size, operating time, and clinical outcome were recorded. 
Results: During primary surgery, significantly more lateral anchors (p=0.004) were used, and the rate of use of the double-row repair tech-
nique was significantly higher (p<0.001) in the high- versus low-volume surgeon group. Moreover, the “cut-through pattern” was observed 
significantly more frequently among the cases treated by high- versus low-volume surgeons (p=0.008). The clinical outcomes after revision-
al ARCR were not different between the two groups. 
Conclusions: Double-row repair during primary surgery and the cut-through pattern during revisional ARCR were more frequent in the 
high- versus low-volume surgeon groups. However, no differences in retear site or size, fatty infiltration grade, or outcomes were observed 
between the groups. 
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cuff repair  
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are larger initial tear size, older age, and degree of fatty degenera-
tion [6,7]. The retear rate for ARCR is reported to be higher than 
that for primary ARCR [8]. Some studies have compared surgical 
outcomes according to surgeon volume [9,10], but not for revi-
sional ARCR. In this study, we hypothesized that the surgical 
findings and outcomes of revisional ARCR differ according to 
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the surgical volume of the surgeon who performed the primary 
ARCR. 

METHODS 

This study was approved by the Institutional Review Board of 
Konkuk University Medical Center (IRB No. KUMC2019-11-
062). Informed consent was waived due to retrospective nature 
of this study. 

Patient Selection 
Of the 53 patients who underwent revisional ARCR from Janu-
ary 2009 to February 2019, this study included 47: three were ex-
cluded because their medical records did not include the primary 
surgeon, two because there were no arthroscopic images of the 
revision ARCR, and one because there was no preoperative mag-
netic resonance imaging (MRI) scan. The median age at the time 
of revisional ARCR was 61 years (range, 41–78 years). Thirty 
cases (63.8%) involved the right shoulder and 17 (36.2%) in-
volved the left shoulder. The median follow-up period after revi-
sional ARCR was 34 months (range, 18–78 months). Four of the 
47 patients underwent open rotator cuff repair (RCR) and 43 un-
derwent ARCR. The median interval between primary surgery 
and revisional ARCR was 20.5 months (range, 12–149 months). 

Shoulder Surgeon Volume 
The Health Insurance Review and Assessment Service was con-
sulted to determine the number of RCR operations per year were 
conducted by each primary surgeon. The average number of 
RCRs per year was determined from the first year in which pri-
mary surgeons started to perform RCR onward. Weinheimer et 
al. [10] defined high-volume surgeons as those who performed at 
least 5 arthroplasties and at least 12 ARCRs per year. In this 
study, surgeons who performed 12 or more ARCRs per year were 
defined as high-volume surgeons and those who performed few-

er than 12 as low-volume surgeons. 

Radiologic Assessment 
Preoperative MRI images were used to evaluate fatty infiltration, 
the number and location of anchors, the primary operative tech-
nique, and the retear pattern. Fatty infiltration was classified ac-
cording to the highest Goutallier stage among the supraspinatus, 
infraspinatus, and subscapularis muscles [11]. Anchors were 
counted on the medial and lateral sides of the rotator cuff foot-
print. The primary surgical technique was considered as sin-
gle-row when there were only medial anchors and as double-row 
when there were both medial and lateral anchors. In accordance 
with Cho et al. [12], the retear pattern was classified as type 1 
when no rotator cuff tissue was visible in the rotator cuff foot-
print and as type 2 when remnant cuff tissue was present. The re-
tear was classified as “extra only” if the retear did not affect the 
previous surgical area [13]. 

Arthroscopic Finding 
All revisional ARCRs were performed by the senior surgeon 
(JYP) with the patient under general anesthesia in the beach-
chair position. All surgical findings were added to the patients’ 
medical records, including photographs. Retear size was record-
ed to the millimeter based on arthroscopic images. The associa-
tions of radiologic findings, the primary RCR technique used, 
and the retear pattern were assessed. The degree of scuffing of 
the acromial undersurface (hereafter, “acromial scuffing”) was 
evaluated using the Copeland–Levy classification (A0–A1, mi-
nor; A2–A3, major) (Fig. 1) [14]. The “cut-through pattern” is 
defined by the presence of tendon tissue torn longitudinally by 
the suture knot (Fig. 2) [15,16].  

Clinical Assessment  Preoperative status and postoperative 
outcomes were determined by reference to the medical records 
using a visual analog scale (VAS), the American Shoulder and El-
bow Surgeons (ASES) score, the Korean Shoulder Scoring (KSS) 

B C DA

Fig. 1. Arthroscopic images: (A) no scuffing (A0), (B) minor scuffing (A1), (C) major scuffing and fibrillations (A2), and (D) acromial bare 
bone exposure (A3).
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Inc., Chicago, IL, USA). A p-value < 0.05 was considered signifi-
cant. 

RESULTS 

Of the 47 revisional ARCR cases, 21 surgeries were conducted by 
high-volume surgeons and 26 by low-volume surgeons. No dif-
ferences in sex, age, or follow-up duration were observed be-
tween the high- and low-volume groups (Table 1). The time be-
tween primary and revision surgery (p= 0.534), acromial scuffing 
(p = 0.853), number of medial anchors (p = 0.397), total number 
of anchors (p = 0.228), retear pattern (Rhee type) (p = 0.061), 
number of cases with extralesional tears only (p = 0.158), fatty in-
filtration (Goutallier stage) (p = 0.284), retear size (p = 0.545), and 
operating time for revision (p = 0.528) were not different between 
the two groups. The number of lateral anchors and frequency of 
use of the double row operating technique were significantly 
higher in the high- versus low-volume group (p = 0.004 and 
p = 0.000, respectively). However, cases were omitted from the 
analysis if the repair technique could not be clearly identified 
based on the MRI or arthroscopic images. The cut-through pat-
tern was observed more frequently in the high- versus low-vol-
ume group (p = 0.008) (Table 2). Fig. 2. Cuff tissue cut-through (asterisks).

Table 1. Demographics

Variable High-volume surgeon Low-volume surgeon p-value
No. of patients 21 26
Sex (male:female) 15:6 16:10 0.165
Age (yr) 62.1± 7.2 58.8± 8.0 0.553
Follow-up (mo) 42.1± 22.5 40.65± 21.9 0.668
Values are presented as mean±standard deviation.

Table 2. Rotator cuff retear characteristics

Variable High-volume surgeon Low-volume surgeon p-value
Time from primary surgery (mo) 37.2± 36.4 35.5± 29.7 0.534
Major acromial scuffing 10 (47.4) 12 (46.2) 0.853
No. of medial anchors 1.8± 1.0 1.6± 1.2 0.397
No. of lateral anchor 2.1± 0.8 1.5± 1.2 0.004*
No. of total anchors 3.9± 1.6 3.2± 2.1 0.228
No. of single/double rows 1/19† 7/16† 0.000*
Cut-through 5 (23.8) 2 (7.7) 0.008*
Rhee type 1/2 8 (38.1)/13 (61.9) 13 (50%)/13 (50) 0.061
Extralesional tear only 2 (9.5) 1 (3.8) 0.158
Goutallier stage 2.2± 1.2 2.2± 1.2 0.284
Size of retear (mm) 29.5± 12.2 27.8± 13.5 0.545
Revision operation time (min) 118.5± 28.9 122.6± 20.8 0.528
Values are presented as mean±standard deviation or number (%).
*Statistically significant; †Cases not clearly identified in magnetic resonance imaging and arthroscopic images were not included.

system, and the Constant-Murley Score (CMS). Shoulder abduc-
tion power (kg) was also recorded [17]. 

Statistical Analysis 
Data are provided as mean and standard deviation and were 
checked for normality using the Kolmogorov-Smirnov test. All 
data, except the number of anchors and Goutallier stage, fol-
lowed a normal distribution. Normal data were analyzed using 
paired and unpaired t-tests. Non-normally distributed data were 
analyzed using the Mann-Whitney U-test and Wilcoxon signed-
rank test. All analyses were performed with SPSS ver. 15.0 (SPSS 
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The VAS, ASES, KSS, and CMS scores, range of motion, and 
abduction power were significantly different at the final fol-
low-up after revision surgery compared to preoperatively (all 
p = 0.000) (Table 3). The preoperative VAS (p = 0.545), ASES 
(p = 0.596), KSS (p = 0.556), and CMS scores (p = 0.714), range of 
motion (forward elevation, p= 0.064; external rotation, p= 0.269), 
and abduction power (p = 0.077) were not significantly different 

between the high- and low-volume groups (Table 4). The postop-
erative VAS (p = 0.343), ASES (p = 0.099), KSS (p = 0.805), CMS 
scores (p = 0.100), range of motion (p = 0.199), and abduction 
power (p = 0.402) were not significantly different between the 
high- and low-volume groups (Table 5). 

Table 3. Revisional ARCR surgical outcomes

Variable Preoperative Postoperative p-value
Range of motion (°)

Forward elevation 122.7± 31.2 135.8± 14.6 0.000*
 External rotation 45.6± 22.9 49.6± 24.0 0.000*
VAS score 5.5± 2.3 3.2± 2.1 0.000*
ASES score 48.7± 21.5 65.6± 16.5 0.000*
KSS system 57.3± 21.4 70.8± 13.2 0.000*
CMS 56.1± 22.7 73.0± 10.0 0.000*
Abduction power (kg) 0.49± 0.25 0.66± 0.39 0.000*
Values are presented as mean±standard deviation.
ARCR: arthroscopic rotator cuff repair, VAS: visual analog scale, ASES: American Shoulder and Elbow Surgeons, KSS: Korean Shoulder Scoring, 
CMS: Constant-Murley Score.
*Statistically significant.

Table 4. Revisional ARCR preoperative comparison

Preoperative status High-volume surgeon Low-volume surgeon p-value
Range of motion (°)

Forward elevation 116.7± 41.4 127.0± 22.0 0.064
 External rotation 43.9± 21.9 46.8± 23.9 0.269
VAS score 5.1± 2.1 5.7± 2.5 0.545
ASES score 45.8± 19.2 50.4± 23.2 0.596
KSS system 52.2± 19.2 60.4± 23.1 0.556
CMS 56.5± 21.9 55.9± 24.4 0.714
Abduction power (kg) 0.46± 0.18 0.51± 0.29 0.077
Values are presented as mean±standard deviation.
ARCR: arthroscopic rotator cuff repair, VAS: visual analog scale, ASES: American Shoulder and Elbow Surgeons, KSS: Korean Shoulder Scoring, 
CMS: Constant-Murley Score.

Table 5. Revisional ARCR postoperative comparison

Postoperative outcome High-volume surgeon Low-volume surgeon p-value
Range of motion (°)

Forward elevation 133.6± 13.4 137.5± 15.6 0.187
 External rotation 49.2± 21.3 50.0± 26.5 0.199
VAS score 2.9± 2.2 3.29± 1.5 0.343
ASES score 61.6± 22.2 67.8± 12.6 0.099
KSS system 52.2± 19.2 60.4± 23.1 0.805
CMS 65.5± 10.6 77.5± 6.7 0.100
Abduction power (kg) 0.49± 0.33 0.73± 0.40 0.402
Values are presented as mean±standard deviation.
ARCR: arthroscopic rotator cuff repair, VAS: visual analog scale, ASES: American Shoulder and Elbow Surgeons, KSS: Korean Shoulder Scoring, 
CMS: Constant-Murley Score.
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DISCUSSION 

Rotator cuff tears account for a significant proportion of all 
shoulder problems in the general population, and their preva-
lence increases with age [18]. A full-thickness rotator cuff tear, or 
a partial tear > 50%, is an indication for RCR [19]. The open and 
arthroscopic surgical results of RCR have been reported to be 
good [2,20,21]. 

Several systematic reviews have assessed outcomes by surgeon 
volume. Weinheimer et al. [10] reported that surgery time, cost, 
complications, and length of stay increase when the volume of 
the shoulder surgeon is small. Shervin et al. [9] reported that the 
hip dislocation rate was lower after hip arthroplasty by high- ver-
sus low-volume surgeons; for other outcomes there was no dif-
ference by surgeon volume, or the results were inconclusive. A 
high frequency of double-row repairs during primary RCR and a 
higher frequency of the cut-through pattern were observed in the 
high-volume group in this study. No other outcomes differed be-
tween the surgeon volume groups. 

No consensus has not been established regarding the indica-
tions or optimal surgical approach for acromioplasty [22]. We in-
vestigated whether the rate of performance of acromioplasty dif-
fered by surgical volume. However, there were insufficient data 
to determine the rate of performance of acromioplasty as the pri-
mary operation according to the extent of acromial scuffing. 
Studies have shown that the double-row repair technique confers 
benefits in terms of tendon healing and has a lower retear rate 
than single-row repair [23-25]. However, other studies showed 
no significant difference in clinical outcomes between the tech-
niques for small-to-medium-sized cuff tears [26,27]. 

There was a correlation toward a higher incidence of the Rhee 
type 2 retear pattern in our high- versus low-volume group 
(p = 0.061) [12]. This may be related to the large number of dou-
ble row repairs performed by the high-volume surgeons. In cases 
with tears outside of the previous surgical site (extralesional 
only), the previous rotator cuff surgical site may be intact, which 
would tend to produce a more favorable result. However, further 
study is needed to confirm this. 

No study has assessed the mechanism or risk factors for the 
cut-through rotator cuff retear pattern. The cut-through pattern 
leads to longitudinal tears in the medial part of the rotator cuff 
due to the suture anchors on footprint. Therefore, this pattern 
should not be used in cases of Rhee type 2 retear in which retear 
occurs in the medial aspect of the medial anchor. However, fur-
ther study is needed to validate this [12]. 

In this study, many outcomes showed no difference by surgeon 
volume. Thus, even surgeons performing fewer than 12 shoulder 

surgeries per year could be considered for rotator cuff retear. An 
insufficient number of cases was a limitation of this study: the 
amount of data on certain outcomes, such as extralesional, Rhee 
type 2, and cut-through tear patterns, was relatively small so fur-
ther studies are needed. Also, no distinction was made between 
open and arthroscopic surgery for primary ARCR. In this study, 
we were interested in how the initial cuff tear size varied accord-
ing to surgeon volume but could not obtain sufficient surgical re-
cords or MRI images of the primary surgeries to quantify the tear 
sizes. Thus, we tried to indirectly determine the sizes of the cuff 
tears according to the number of medial anchors used; although 
the number of medial anchors tended to higher in the high-ver-
sus low-volume group, the difference was not significant 
(p = 0.397). Furthermore, the number of anchors may have been 
counted inaccurately in some cases: biocomposite anchors used 
for primary ARCR are difficult to detect on MRI images, and some 
of the images were of insufficient quality to detect the anchors. 
Furthermore, some anchors have metal components which can 
impair image quality, while open repair can be performed without 
using any suture anchors. 

Based on our results, the conclusion that all high-volume sur-
geons are distinctive to low-volume surgeons cannot be made. 
Although surgeon experience is an important factor, Guttman et 
al. [28] found no significant difference in surgical time after the 
first 10 cases. This finding suggests that not only the annual aver-
age number of operations, but also the cumulative number, is 
meaningful. Further study is needed to explore this issue. 
High-volume surgeons frequently employed double-row repair 
as the primary RCR technique, and the cut-through pattern was 
more prevalent in the high-versus low-volume group. However, 
there were no group differences in retear site or size, fatty infil-
tration grade, or any other outcome. 
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INTRODUCTION 

Scapular spine fracture is a serious complication of reverse total 
shoulder arthroplasty (RTSA) and often is caused by trauma or 
of insidious onset with no explicit trauma. The incidence of scap-
ular fractures occurring after RTSA was reported to be between 
1.3% and 10.2% [1-4]. In a particular study, 400 RTSA patients 
were analyzed and three discrete scapular fracture patterns were 

Background: The purpose of the present study was to determine how long superior screws alone or in combination with posterior place-
ment of metaglene screws protruding and penetrating into the scapular spine in reverse total shoulder arthroplasty affect the strength of the 
scapular spine in a fresh cadaveric scapular model. 
Methods: Seven fresh cadaver scapulas were allocated to the control group (short posterior and superior screws) and seven scapulars to the 
study group (spine base fixation with a four long screws, three with both long superior and long posterior screws). 
Results: The failure load was lower in the spine fixation group (long screw, 869 N vs. short screw, 1,123 N); however, this difference did not 
reach statistical significance (p>0.05). All outside-in long superior or superior plus posterior screws failed due to scapular spine base frac-
ture; failures in the short screw group were due to acromion fracture. An additional posterior outside-in screw failed to significantly de-
crease the failure load of the acromion spine. 
Conclusions: The present study highlights the significance of preventing a cortical breach or an outside-in configuration when a superior 
or posterior screw is inserted into the scapular spine base. 
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described: avulsion fractures of the anterior acromion (type I), 
fractures of the acromion posterior to the acromioclavicular joint 
(type II), and fractures of the scapular spine (type III) [1].  

The mean time from diagnosis to surgery can be up to 9 
months (range, 1.3–24 months). Regardless of treatment, both 
conservative and surgery patients reported inferior function after 
fracture compared with initially after RSA [2,4-6]. Osteoporosis 
increases the risk of fracture [7]. Although it has been attempted 
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to link surgical technique (baseplate orientation, screw length, 
and distance from screw tip to edge of bone) or other parameters 
(e.g., intact rotator cuff or design changes like lateralized humeral 
stem or glenoid side leading to an increase in deltoid stress) to 
the etiopathogenesis of postoperative acromion or spine fracture, 
no such associations have reached statistical significance. How-
ever, 41%–57.1% of the fractures occurred in association with the 
tip of the long superior or posterior screw [2,5,7]. A recent bio-
mechanical study reported a lower failure load with superior plus 
inferior metaglene screw constructs compared to the only inferi-
or screw group, with a failure mode of scapular fracture rather 
than spine or acromion fractures seen clinically [8]. 

There is no study in the literature concerning the effect of base-
plate superior or posterior screw fixation of the scapular spine on 
the occurrence of type 3 (base of scapular spine) fractures. The 
purpose of the present study was to compare the effects of long 
superior and/or posterior screws protruding and penetrating into 
the scapular spine on the strength of the scapular spine in a fresh 
cadaveric scapular model. The hypothesis was that a long out-
side-in superior baseplate screw will lead to scapular base fracture, 
and further long posterior outside-in screw fixation will cause 
fracture at lower load compared to a shorter screw. 

METHODS 

This study was approved by the Institutional Review Board of 
Dokuz Eylül University.

Fourteen fresh frozen cadaver shoulders were used for this 
study. The mean age of the cadavers was 68 ± 8 years (six female 
and eight male). There were no signs of fracture or macroscopic 
damage to any tendons or joint surface. The cadavers were al-
lowed to thaw at room temperature overnight before testing and 
dissection. 

Seven scapulae were allocated to the control group (short pos-
terior and superior screw), while seven scapula were in the study 
group (four long superior screw+long anterior screw [L1], three 
long superior+long posterior screw [L2]). All long superior and 
long posterior screws were inserted to the scapular base, and all 
long anterior screws were inserted to the coracoid base. At least 
two long screws were planned to be used in the long screw group. 
One of these long screws was the superior screw to be inserted 
from the inside-out and targeting the scapular spine. Further, the 
other long screw was inserted from the anterior by targeting the 
coracoid basis through the bone (L1) or from the inside to the 
outside posteriorly, again targeting the scapula spine (L2). In the 
L1 group, the focus was to minimize the effect of the screw on 
spine breakage by sending it to the second long coracoid head 

from the anterior. All surgeries were performed by the lead au-
thor. The same 38-mm glenosphere baseplate (DePuy Synthes, 
Raynham, MA, USA) was used. The metaglene should ideally be 
positioned on the lower circular area of the glenoid bone. The 
metaglene central peg is positioned in the center of the inferior 
circle of the glenoid. The vertical metaglene marking was aligned 
with the base of the coracoid process superiorly. A 42 mm × 3.5 
mm screw was used as the long screw, and the short screw was 22 
mm × 3.5 mm. X-ray and gross inspection were performed to 
verify screw location. 

The scapulae were cemented into a wooden block after being 
positioned with a frame. The scapulae were mounted to a materi-
als testing system (AG-I 10 kN; Shimadzu, Kyoto, Japan) with the 
aid of a customized bone-cement junction conus covering the 
acromion but without contact with any part of the spine. This 
approach was used to achieve greater physiological force trans-
mission along the length of the acromion compared to sin-
gle-point loading (Fig. 1) [9]. A 1-N preload was applied for 10 
seconds, and each specimen was loaded at a constant rate of 0.5 
mm/s until fracture of the acromion or base of the spine. The 
load (N) versus displacement (mm) was recorded until failure. 

Fig. 1. Test set up.
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The ultimate tensile load was considered the peak force. Stiffness 
was calculated by determining the slope of the load–displace-
ment curve with the use of a best-fit line on the load versus dis-
placement curve. The ultimate load (N) and stiffness (N/mm) 
were measured.  

Statistical Analysis  
Data analysis was performed using IBM SPSS ver. 20.0 (IBM 
SPSS Corp., Armonk, IL, USA). The Mann-Whitney U-test was 
used to analyze the difference between the mean values of tested 
variables among the groups. First, the spine fixation group (n = 7) 

Fig. 2. (A) Long superior and long anterior outside-in posterior 
screws. (B) Acromion spine base fracture.

BA

Table 1. Specimen data

Group (specimen no.) Ultimate load (N) Stiffness (N/mm) Fracture type
Long superior and anterior screw (L1, n= 4)
 1 452 5 3
 2 1,090 6 3
 4 789 14 3
 7 1,080 23 1
 Mean± SD 777± 319 8± 4
Long superior and posterior screw (L2, n= 3) 
 10 615 21 3
 12 645 8 3
 13 1,413 25 3
 Mean± SD 891± 452 18± 8
Total (L1+L2) 869± 337 14± 8
Short screw (n= 7)
 3 1,098 12 2
 5 1,919 13 2
 6 1,299 19 1
 8 1,736 20 2
 9 335 18 1
 11 891 13 1
 14 767 7 1
 Mean± SD 1,123± 513 15± 4
No significant difference for the mean ultimate load and stiffness when the long screw group was compared to the short screw group (p=0.27, 
p=0.8). This was similar when specimen number 7 at L1 was excluded (n=6) and compared to the short screw group (p=0.25, p=0.77 respectively).
SD: standard devitaion.

was compared with the control group (n = 7). Then the spine fix-
ation group with a base of spine (type 3, n = 6) fracture (Fig. 2) 
was compared with the control group. A post-hoc power analysis 
was performed for the spine fracture group in comparison with 
the control group. A p-value less than 0.05 was considered statis-
tically significant. 

RESULTS 

Specimen data are given in Table 1. All specimens in the long screw 
group except specimen number 7 (long superior and long anterior 
screws) in the L1 group failed due to acromion spine fracture (type 
3) (Fig. 3). In the short screw group, specimen number 7 failed due 
to acromion fracture (types 1 and 2) (Fig. 4 ). There was no signifi-
cant difference in mean ultimate load and stiffness when the long 
screw group was compared to the short screw group (p =0.27, 
p=0.8). This was similar when specimen number 7 at L1 was ex-
cluded (no outside-in screw, failure type 1; n=6) and compared to 
the short screw group (p=0.25, p=0.77, respectively). 

The mean load and stiffness tended to be lower for L1 com-
pared to L2. Specimen number 13 in the L2 group had superior 
screw performance without an outside-in configuration (all in-
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side at the base of spine), while a posterior screw having out-
side-in fixation into the scapular spine failed with scapular spine 
base fracture (type 3). A post-hoc power analysis for spine frac-
ture (n = 6) comparison to the short screw group (n = 7) yielded 
0.18 (%) for ultimate load and 0.064 (%) for stiffness. 

DISCUSSION 

The main finding of the study was that when the superior meta-
glene screw (with or without a posterior or anterior screw) enters 
into the base of the spine with an outside-in configuration, it 

leads to a fracture at the base of the scapular spine compared to 
the short screw “not touching the scapula spine” group, which 
failed due to acromion fracture. Only one specimen (No. 7 in the 
L1 group) did not cause a scapula spine base fracture due to fixa-
tion of the spine base without an outside-in configuration. How-
ever, due to the small number of specimens, the present study 
failed to show a decrease in ultimate load of the acromion spine 
when two long screws were used instead of two short screws. 

Many clinical studies have highlighted the possible relationship 
between long superior or posterior screws and later occurrence 
of scapula spine base fracture [2,5,7]. However, due to the small 
number of occurrences, statistically significant conclusions could 
not be made [2,5,7]. A recent review also pointed out how scapula 
spine stress fracture might be related to malposition of the superi-
or 12 o’clock and the posterior (9 o’clock) screws [1]. They advo-
cate that the superior screw be ≤24 mm and angled into the base 
of the coracoid to prevent nerve injury due to extraosseous place-
ment [10-12]. This was also true for the posterior screw. They ad-
vocate avoiding long posterior screws ( ≤20 mm) to prevent 
breaching of the spinoglenoid notch and injuring the suprascapu-
lar artery and nerve with possible scapular spine fracture. 

Whatever treatment is chosen, inferior function is reported af-
ter fracture compared with immediately after RSA [2,5,6]. Type 3 
fracture (base of acromion spine) especially is associated with 
painful non-union, which might lead to a greater need for surgi-
cal intervention [1]. A recent biomechanical study favored lock-
ing the compression plate instead of the lateral clavicular plate or 
reconstruction plate [9]. 

There is only one biomechanical study in the literature de-
scribing the relationship between superior screws and scapula 
fractures. Kennon et al. [8] reported that one additional superior 
screw in addition to the inferior screws led to lower scapula fail-
ure load (1,077 N vs. 1,970 N), similar to that in our short screw 
group. They used embalmed cadaveric specimens instead of fresh, Fig. 3. Two long outside-in screws associated with acromion spine 

base fracture.

Fig. 4. (A) Type 1 acromion tip fracture (specimen 7). (B) Type 2 acromion fracture (specimen 8).

BA
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as were used in the present study. Their test apparatus was direct 
compression force from the humerus to scapula. The resultant 
failure mode was scapula fracture instead of acromion or scapula 
spine-based fracture, which is the type seen clinically, differing 
from the present study. The metaglene used in that study was 
unique in that it had six holes allowing three screws to be placed 
below the central cage. However, most implants on the market use 
four screws, one to be placed below the central cage [8]. 

Some limitations exist for this study; for example, the force ap-
plied on the superolateral aspect of the acromion does not fully 
reflect the distribution of forces acting on the acromion during 
active shoulder mobilization after RTSA. Further, the majority of 
scapula and acromion fractures after reverse arthroplasty is 
stress-related and atraumatic. However, we fractured the acromi-
on or base of spine and correlated the base fracture to the long 
outside-in screw testing. Additionally, the testing protocol used 
in the present study was verified in a previous study, and it mim-
ics physiological deltoid muscle pull on the acromion [9]. 

Second, this is a biomechanical study aimed to test the strength 
of a construct at time zero and not the healing response over 
time. Although there was no macroscopic evidence of damage to 
any component of the joint, there is a possibility that bone quali-
ty differences exist between the specimens tested. Additional 
bone mineral testing would add useful information regarding in-
terpretation of the results. The supply of fresh frozen human ca-
davers is limited, and the number of specimens in each group 
was low (n = 7). This low sampling rate prevents conclusion with 
certainty that the long posterior screws decrease the strength of 
spine and/or lead to fracture at lower loads. However, other bio-
mechanical studies have utilized six specimens per group [13-16]. 
Specimen number 13 in the L2 (superior screw “all inside,” pos-
terior screw outside-in) group failed at higher load than speci-
men numbers 10 and 12, which had both screws with outside-in 
fixation into the scapular spine. Third, samples could not be pre-
pared using the two shoulders of one cadaver because the fresh 
frozen cadavers were separated only in the form of the upper ex-
tremities. Furthermore, the bone quality of cadavers was not 
measured, so the groups were randomly assigned. 

The present study indicates the need for additional studies. 
First, does this outside-in configuration cause spine base fracture 
using a more physiological test set-up or in a clinical scenario? 
Second, can all-inside superior long screws aiming toward the 
scapular spine base be applied clinically and/or prevent fracture 
of the scapular spine while increasing fixation strength of the 
baseplate? Third, does an additional outside-in posterior screw 
further decrease spine fracture load? 

Outside-in long superior screw fixation of the base of the scap-

ular spine led to a base fracture compared to the short screw 
group, which failed due to acromion fracture. The present study 
points out the significance of prevention of cortical breach or 
outside-in configuration when the scapular spine base is fixed 
with superior or posterior screws. 
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Background: This study aimed to evaluate the co-administration effect of atelocollagen combined with hyaluronic acid (HA) injections for 
treatment of full-thickness rotator cuff tear (RCT). 
Methods: Eighty patients who underwent arthroscopic rotator cuff repair for full-thickness RCT from March 2018 to November 2019 were 
enrolled. The patients were randomly allocated to the following groups: combined atelocollagen and HA injection (group I, n=28), only HA 
injection (group II, n=26), and no injection (group III, n=26). Clinical outcomes were assessed at 3, 6, and 12 months after surgery using 
the American Shoulder and Elbow Surgeons score, visual analog scale pain score, functional scores (pain visual analog scale, function visual 
analog score), and range of motion. Magnetic resonance imaging was performed 12 months after surgery to evaluate rotator cuff integrity. 
Results: Preoperative demographic data and postoperative clinical outcomes did not differ significantly among the three groups (p>0.05). 
However, in group I, the number of steroid injections after surgery was significantly lower than that in the other groups (p=0.011). The re-
tear rate on follow-up magnetic resonance imaging was significantly higher in group II (9.5%, n=2) and group III (13.6%, n=3) than in 
group I (0%) (p=0.021). 
Conclusions: Co-administration of atelocollagen and HA improves healing of the rotator cuff and increases the integrity of the rotator cuff 
repair site. This study provides encouraging evidence for use of combined atelocollagen-HA injections to treat patients with full-thickness 
RCT. 

Keywords: Shoulder; Rotator cuff; Full-thickness tear; Atelocollagen; Hyaluronic acid

INTRODUCTION 

Rotator cuff tear (RCT) is a highly prevalent condition (approxi-
mately 20%) in the general population and causes significant im-
pairment such as shoulder pain and dysfunction [1,2]. The inci-
dence of RCT increases with age. Owing to recent advances in 
imaging and surgical techniques, rotator cuff repair generally 
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yields satisfactory clinical outcomes [3,4]. However, postopera-
tive retear is a serious problem, with an incidence between 34.2% 
and 40% [5]. Postoperative retear of repaired rotator cuff tendons 
is a challenging problem in orthopedics. To prevent postopera-
tive retear, the effects of various biological agents on tendon-to-
bone healing have been investigated using animal models [1,6-9]. 

Financial support: None.
Conflict of interest: None.

Received: April 8, 2021  Revised: May 22, 2021   Accepted: May 23, 2021
Correspondence to: Young Woo Kim 
Department of Orthopedic Surgery, Hallym University Dongtan Sacred Heart Hospital, Medical College of Hallym University, 7 Keunjaebong-gil, 
Hwaseong 18450, Korea 
Tel: +82-31-8086-2410, Fax: +82-31-8086-2029, E-mail: ywkimmd@hallym.or.kr, ORCID: https://orcid.org/0000-0002-7845-6716

eISSN 2288-8721

147www.cisejournal.org

Copyright© 2021 Korean Shoulder and Elbow Society.
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) 
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



Collagen is abundantly distributed as a structural and biological-
ly active component of tissues, including skin, bones, and cartilage, 
especially in mammals, including humans (up to 25% of total pro-
tein) [7,10]. Collagen fibers play an important role in transmitting 
muscle power, dispersing energy, and preventing mechanical fail-
ure in connective tissues [11]. Atelocollagen obtained by protease 
or pepsin treatment can be used in humans due to its low immu-
nogenicity; no telopeptides show collagen antigenicity [12]. In sev-
eral animal models, administration of atelocollagen to the site of 
rotator cuff tendon tear has led from early progression to better 
tendon healing and remodeling stages based on immunohisto-
chemistry or histopathological analyses [6,7]. Kim et al. [13] re-
ported that atelocollagen injection could improve the functional 
outcome and integrity of tendons in human RCT. 

Hyaluronic acid (HA) injection is used widely in patients with 
rotator cuff disease due to its anti-inflammatory and adhesion 
prevention activities [14]. In tendon-to-bone healing, inflamma-
tion can contribute to formation of fibrotic scar tissue interfaces 
rather than remodeling of normal tendon-bone insertion sites 
[15]. Because of this possibility, tendon-to-bone healing is diffi-
cult at the boundary between the tendon and bone in a state of 
inflammation. HA not only has an anti-inflammatory effect, but 
also plays an important role in promoting cell differentiation and 
growth, improving the expression of collagen I in tendon-derived 
cells, and contributes to many activities promoting tendon and 
bone healing [8,16,17]. Chou et al. [18] reported that HA is effec-
tive clinically in treatment of patients with RCT. 

As each material targets a specific phase of tendon healing, a 
mixture of materials targeting different phases might have a syn-
ergistic effect. In recent years, some orthopedic fields have re-
ported benefits of such synergistic therapeutic effects [1,19]. 
However, to date, there are no studies reporting the effect of 
co-administration of atelocollagen and HA in RCT treatment. 
Therefore, this study evaluated the efficacy of atelocollagen com-
bined with HA injections versus HA injections alone for treat-
ment of patients with full-thickness RCT. The hypothesis is that, 
after rotator cuff repair, co-administration of atelocollagen and 
HA results in better tendon-to-bone healing at the repair site and 
increases biomechanical strength. 

METHODS 

This study was approved by the Institutional Review Board of 
Hallym University College of Medicine, Dongtan Sacred Heart 
Hospital (IRB No. 2019-12-012). All patients provided informed 
consent before participating in this study. 

Study Design 
We performed a prospective randomized controlled trial to de-
termine whether the co-administration effects of atelocollagen 
and HA increased rotator cuff healing and improved clinical re-
sults. An independent investigator of the patient information 
prepared and sealed an opaque envelope containing the group 
number. Just before surgery, we randomly categorized patients 
into three groups: atelocollagen with HA group (group I), only 
HA group (group II), and without atelocollagen and HA group 
(group III) as the control. The patients were blinded to the treat-
ment they received. We used 3 mL of atelocollagen (3% Col-
lapleo; BNC Korea, Daegu, Korea) and 3 mL of HA (Guardix-SP; 
Genewel, Dongsung Company, Seongnam, Korea) in this study. 
A total of 110 patients was evaluated for participation in the 
study. Of these, 30 (27%) were excluded for the following rea-
sons: screen failure (n = 28) and opted not to undergo surgery 
(n = 2). Finally, a total of 80 patients (group I: 28 patients, group 
II: 26 patients, and group III: 26 patients) participated in this 
study. All patients enrolled in this study were operated upon by a 
single surgeon (JYJ) between March 2018 and November 2019.  

Sample Size 
A power analysis was performed with clinical outcomes of pain 
visual analog scale (PVAS) score, function visual analog score 
(FVAS), and American Shoulder and Elbow Surgeons (ASES) 
score [20]. With these parameters, the study required 20 patients 
per group to achieve a power of 0.80 and a significance level of 
5%. The expected dropout rate was 15%.  

Patient Selection 
Patients scheduled to undergo arthroscopic rotator cuff repair 
were enrolled. The inclusion criteria were (1) full-thickness RCT 
viewed by magnetic resonance imaging (MRI), (2) complete ro-
tator cuff repair (type I repair) covering the entire original foot-
print of the greater tuberosity [21], and (3) arthroscopic su-
ture-bridge rotator cuff repair [22]. The exclusion criteria were 
(1) previous rotator cuff repair on the same side, (2) moderate to 
severe degenerative glenohumeral arthritic changes ( ≥ Hamada 
grade 3), (3) history of rheumatoid arthritis or infectious arthri-
tis, and (4) massive RCT (tear size: > 5 cm on the basis of the 
greatest dimension of the tendon tear). The recruitment period 
began in March 2018 and was completed in November 2019. A 
total of 80 patients was enrolled in this study. Follow-up loss oc-
curred in six patients in group I, five in group II, and four in 
group III. Ultimately, 65 patients were available for evaluation at 
the last follow-up. The flow diagram shows the patient grouping 
and the structure of the clinical study (Fig. 1). Preoperative de-

https://doi.org/10.5397/cise.2021.00234148

Jeung Yeol Jeong, et al.  Effect of co-administration with atelocollagen and HA



mographic data did not differ among the three groups (Table 1). 

Clinical Assessments 
All patients underwent clinical evaluations at 3 months, 6 
months, and 1 year after surgery. Clinical outcomes were assessed 
using preoperative and postoperative PVAS score, FVAS score, 
and ASES score [20]. A physician assistant also clinically exam-
ined the patients using a goniometer to determine active range of 
motion in forward flexion, abduction, and external rotation with 
the arm at the side. Internal rotation, based on the location of the 
highest vertebral level reached by the thumb behind the back, 
was measured. Shoulder ROM was measured with patients seat-
ed. All clinical data were collected by a clinical researcher who 
was blinded to the current study. At the 3-month follow-up, in-
tra-articular steroid injection was administered to patients with 
shoulder pain and limitation of active motion in at least two di-
rections (abduction and forward flexion < 120°, external rotation 

< 30°, or internal rotation < L1) [23]. 

Radiologic Assessment 
Radiological assessment was completed the day before surgery 
and 12 months postoperatively using the 3.0-T MRI scanner (Ve-
rio; Siemens Medical Solutions, Erlangen, Germany) with an 
eight-channel shoulder coil. Oblique coronal, oblique sagittal, 
and transverse views of T2-weighted images on MRI were used 
to classify postoperative cuff integrity into five categories accord-
ing to Sugaya et al. [24]. We defined retear as Sugaya classifica-
tions types IV and V. Repair integrity was assessed by a blinded 
musculoskeletal trained radiologist. The radiologist conducted a 
second assessment on the same images two weeks after the first 
without knowing the previous results. 

Operative Technique 
All surgeries were performed by a single surgeon (JYJ). All pro-

Table 1. Demographics data

Variable Group I Group II Group III p-value 
No. of patients 22 21 22 0.518
Sex (male:female) 10:12 9:12 12:10 0.607
Affected shoulder (right:left) 17:5 15:6 14:8 0.432
Mean age (yr) 58.8± 5.4 (44–77) 60.4± 6.5 (48–79) 58.4± 6.5 (48–82) 0.167
Mean follow-up duration (mo) 12.1± 1.5 (11–13) 12.3± 1.6 (11–14) 11.8± 0.8 (11–12) 0.550
Values are presented as number or mean±standard deviation (range).

Fig. 1. Consolidated Standards of Reporting Trials (CONSORT) guidelines flowchart. HA: hyaluronic acid.

110 Assessed for eligibility 

3 Excluded
28 Did not meet inclusion criteria

2 Refuse surgery 

22 Analyzed

6 Follow-up loss

21 Analyzed

5 Follow-up loss

22 Analyzed

4 Follow-up loss

28 Group I
Atelocollagen + HA

injection

26 Group II
Only HA
injection

26 Group III
No injection

(control)

Enrollment

80 Randomized
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cedures were performed with patients in the lateral decubitus po-
sition under general anesthesia with interscalene block. Diagnos-
tic assessment of the glenohumeral intraarticular joint was per-
formed using a 30° arthroscope via the posterior portal. The ar-
throscope was inserted into the subacromial space, and the tear 
pattern and size of the rotator cuff were observed. The surgery also 
included subacromial space debridement and release with any ad-
ditional bone work (acromioplasty) and treatment of biceps ten-
don if necessary. All rotator cuff repairs were performed according 
to the double-row transosseous equivalent approach introduced in 
2009 [25]. Arthroscopy confirmed complete rotator cuff repair 
(type I repair) covering the entire original footprint of the greater 
tuberosity (Fig. 2). After rotator cuff repair, an 18-gauge spinal 
needle was inserted and positioned on the repaired cuff. After 
draining water in the subacromial space through negative pressure 
of the cannula, atelocollagen or HA was injected through a spinal 
needle in a dry condition (Fig. 3) [26]. 

Postoperative Rehabilitation 
All patients used an abduction brace for immobilization for 6 
weeks after surgery. Passive ROM exercises were started after 6 
weeks. Active assisted ROM exercises were started once full pas-
sive ROM was recovered. Strengthening exercises were started 
between 10- and 12-week post-surgery and continued for ap-
proximately 3 to 6 months. 

Fig. 2. (A) Arthroscopic photo of an 18-gauge spinal needle positioned on the repaired cuff after repair (left shoulder, posterolateral portal; 
viewing portal). (B) Arthroscopic photo after injection of atelocollagen (left shoulder).

Fig. 3. Arthroscopic photo of rotator cuff tendon repaired with a 
double-row transosseous technique (right shoulder, posterolateral 
portal; viewing portal).

Statistical Analysis 
Differences in baseline and follow-up assessment among the three 
treatment groups were tested using one-way analysis of variance. 
The level of statistical significance was set at p <0.05. Statistical 
analyses were performed using IBM SPSS ver. 21 (IBM Corp., Ar-
monk, NY, USA) and SAS 9.4 (SAS Institute Inc., Cary, NC, 

BA
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USA). The intraclass correlation coefficient (ICC) was used to as-
sess intra-observer reliability of detection of postoperative cuff in-
tegrity. We considered an ICC of 0.7 or higher to indicate good or 
excellent reliability [27]. 

RESULTS 

Demographic Data 
Age, sex, and follow-up period were evaluated as demographic 
factors. No significant differences were observed in the demo-
graphic characteristics of the three groups. Table 1 summarizes 
the epidemiologic factors of the three groups. 

Clinical Outcomes 
PVAS, FVAS, ASES scores, and ROM degrees were assessed as 
clinical factors at 3 months, 6 months, and 1 year postoperatively. 
There was no significant difference in functional clinical scores 
among the three groups after surgery (Tables 2–4). However, in 
most of the clinical outcomes (PVAS, FVAS, ASES scores, and 
ROM) evaluated at 3 months after surgery, group I (atelocolla-

gen+HA) showed better results than the other groups (Table 2). 
Moreover, the number of post-surgery steroid injections was sig-
nificantly lower in group I (atelocollagen + HA) than in the other 
groups (p = 0.011) (Table 5). 

MRI Outcomes 
The overall mean time between surgery and MRI was 11.7 
months (range, 11–13 months). In groups II and III, retear in two 
and three patients occurred, respectively; however, in group I 
(atelocollagen+HA), no retear occurred (Table 6). The retear rate 
was higher in groups II and III, and the difference was statistical-
ly significant (p = 0.021). 

DISCUSSION 

This study demonstrates that administration of atelocollagen 
with HA is beneficial for rotator cuff healing. In the patient group 
administered atelocollagen together with HA, no patient had a 
retear in the repaired cuff, whereas patients in the other two 
groups (group II: two patients, group III: three patients) showed 

Table 2. Comparison of 3-month postoperative clinical outcomes

Variable Group I Group II Group III p-value
Score
 PVAS 3.91± 1.83 (2–9) 4.21± 2.15 (2–9) 4.41± 1.85 (2–9) 0.071
 FVAS 6.63± 1.90 (4–9) 6.50± 1.90 (3–9) 6.02± 1.63 (4–9) 0.899
 ASES 55.89± 17.40 (32–85) 52.86± 15.40 (38–80) 54.72± 17.77 (30–88) 0.138
Range of motion (°)

Forward elevation 129.83± 23.51 (90–160) 125.53± 23.51 (80–160) 114.64± 22.40 (80–160) 0.081
External rotation on the side 24.16± 14.54 (10–60) 22.12± 10.54 (10–60) 20.14± 11.55 (10–60) 0.451
Internal rotation at the back 10.79± 4.54 (8–18) 11.59± 4.51 (8–18) 11.06± 3.60 (8–19) 0.236

 Abduction 87.24± 27.11 (40–140) 82.24± 25.10 (40–140) 72.86± 26.54 (40–130) 0.231
Values are presented as mean±standard deviation (range).
PVAS: pain visual analog scale, FVAS: function visual analog score, ASES: American Shoulder and Elbow Surgeons.

Table 3. Comparison of 6-month postoperative clinical outcomes

Variable Group I Group II Group III p-value
Score
 PVAS 2.09± 2.09 (1–6) 1.98± 1.50 (1–7) 2.18± 1.91 (1–7) 0.761
 FVAS 7.03± 1.55 (4–9) 7.56± 1.42 (5–9) 7.16± 2.02 (4–9) 0.194
 ASES 78.21± 18.51 (42–95) 73.37± 18.19 (40–88) 70.37± 15.19 (40–88) 0.150
Range of motion (°)

Forward elevation 141.44± 19.97 (100–170) 132.68± 19.75 (110–170) 135.68± 16.55 (100–170) 0.216
External rotation on the side 34.41± 15.61 (20–80) 28.12± 16.30 (20–70) 30.12± 16.30 (20–70) 0.121
Internal rotation at the back 8.75± 3.13 (4–18) 9.17± 3.42 (4–17) 10.17± 4.12 (6–17) 0.475

 Abduction 112.48± 28.46 (60–170) 105.37± 32.49 (50–170) 110.37± 27.49 (50–170) 0.232
Values are presented as mean±standard deviation (range).
PVAS: pain visual analog scale, FVAS: function visual analog score, ASES: American Shoulder and Elbow Surgeons.
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retear, indicating a significant difference in the healing rate. 
However, there was no significant difference in clinical and func-
tional results among the three groups.  

The prevalence of symptomatic and asymptomatic RCT in-
creases as we age. The pain and functional restrictions of the pa-
tients also increase [28]. Although improvement in symptoms 
can be seen after arthroscopic rotator cuff repair, the healing fail-
ure (retear) rate can be as high as 94% [5,29]. Reducing such re-
tear rates is a challenge for orthopedic surgeons, and several 
studies are underway [1,7,8,28,30]. 

A successful RCT repair requires tendon-to-bone healing of 

the repaired cuff [31]. To date, various approaches have been at-
tempted to improve tendon-to-bone healing processes after rota-
tor cuff repair. Tendon-to-bone healing occurs through a three-
phase repair process of inflammation, proliferation, and remod-
eling [32] (Fig. 4). In the final remodeling step, scar tissue is 
formed, remodeling type III collagen into type I collagen [33]. 
Application of a type I atelocollagen product to the rotator cuff 
tendon tear site in a rabbit model improved tendon healing and 
allowed earlier progression to the remodeling phase, as observed 
by immunohistochemistry. Histological and biomechanical stud-
ies in the rabbit model showed better results in the group that 

Table 4. Comparison of 1-year postoperative clinical outcomes

Variable Group I Group II Group III p-value
Score
 PVAS 1.14± 1.45 (0–4) 1.02± 1.32 (0–4) 1.12± 1.02 (0–5) 0.638
 FVAS 8.87± 1.16 (6–9) 8.90± 1.02 (5–9) 8.51± 1.02 (5–9) 0.876
 ASES 86.32± 13.46 (54–95) 82.70± 12.96 (51–88) 81.93± 12.96 (52–88) 0.193
Range of motion (°)

Forward elevation 155.35± 13.52 (120–170) 154.07± 15.26 (120–170) 152.07± 18.26 (120–170) 0.679
External rotation on the side 49.07± 13.69 (30–80) 47.78± 15.53 (30–70) 48.18± 15.13 (30–70) 0.680
Internal rotation at the back 7.51± 2.64 (4–16) 7.52± 3.02 (3–16) 7.22± 2.82 (3–16) 0.991

 Abduction 140.23± 28.16 (60–170) 146.30± 23.23 (50–170) 143.30± 23.23 (50–170) 0.312
Values are presented as mean±standard deviation (range).
PVAS: pain visual analog scale, FVAS: function visual analog score, ASES: American Shoulder and Elbow Surgeons.

Table 5. Comparison of the number of steroid injections at 3 months postoperative

Steroid injection Group I (n= 22) Group II (n= 21) Group III (n= 22) p-value
Number 13 17 19 0.011

Table 6. Rate of retear by group

Retear Group I (n= 22) Group II (n= 21) Group III (n= 22) p-value
No. of retear patients (%) 0 2 (9.5) 3 (13.6) 0.021

Fig. 4. Schematic diagram showing the three-phase process of tendon-to-bone healing. IGF-1: insulin-like growth factor, TGF-β: transforming 
growth factor beta, PDGF: platelet-derived growth factor, VEGF: vascular endothelial growth factor, bFGF: basic fibroblast growth factor, 
BMP: bone morphogenetic protein, ECM: extracellular matrix.
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used atelocollagen to repair the rotator cuff tendon [7]. In a study 
by Kim et al. [13], atelocollagen injection on human rotator cuff 
tendon tear was shown to improve the functional outcome and 
integrity of the tendon in intra-tendinous RCTs. Therefore, they 
suggested that type I atelocollagen injection is an optional treat-
ment to delay tear progression and reduce tear size. 

Previous investigations have reported that the collagen patch 
stimulates collagen formation and tissue healing and improves 
blood vessels, aiding in cuff healing [30,34]. They introduced a 
bio-inducible collagen patch as a safe and effective treatment for 
cuff-healing of arthroscopic rotator cuff repair. However, several 
previously reported studies have cited several weaknesses, such 
as modeling in animals, small sample size, no control group, or 
studies involving only partial RCT [7,13,30]. 

Elevated inflammation can be the cause of ultimate tendon de-
generation and inferior tendon tissue quality, resulting in poor 
tendon-to-bone healing [35]. In the elevated inflammatory con-
dition, tendon-to-bone healing is very difficult at the interface 
between the tendon and bone. HA acts as a target for the inflam-
matory and proliferative phases in the three-phase tendon-to-
bone healing process. The anti-inflammatory effects of HA accel-
erate tendon-to-bone healing in rotator cuff repair [1,36]. More-
over, HA is thought to play a key role in promoting cell differen-
tiation and growth and can enhance collagen I expression in ten-
don-derived cells [17]. HA also enhances biomechanical strength 
in an animal model by increasing chondroid formation and ten-
don maturation at the tendon-bone interface [8]. Viscosupple-
mentation and elastic properties of HA also contribute to tendon 
healing by protecting the repaired cuff. 

Several previous studies have shown that various biologic 
agents such as atelocollagen and HA play an important role in 
rotator cuff tendon healing [1,7,8,13,28]. However, a single bio-
logic agent has limited effects in improving the healing of rotator 
cuff repair. HA was injected into the repaired rotator cuff in an 
animal model, and there was no significant difference in biome-
chanical load to failure between the HA group and control group 
[37]. Thus, the basic concept used in this study was potential 
co-administration effect of these biological agents [38]. To date, 
there has been a limited number of clinical studies evaluating the 
effects of co-administration of a combined biologic in repaired 
rotator cuff tendon. 

One of the strengths of our study was its randomized and 
blinded design. This study is the first clinical trial to investigate 
the effect of combined application of atelocollagen and HA on 
the healing of human repaired rotator cuff tendon. Further, all 
surgeries were performed by a single surgeon owing to the rela-
tively small number of patients. We used MRI images in all pa-

tients to accurately assess the integrity of repaired tendon. Final-
ly, we studied the same surgical technique and only those patients 
who complete repair (type I) of the greater tuberosity footprint. 

This study had several limitations. First, this study has struc-
tural weakness. Since there is no group using only atelocollagen, 
it is difficult to rule out the effect of atelocollagen on cuff healing. 
Further study is needed of only an atelocollagen group. Second, 
the mean follow-up period was short. Therefore, further research 
with long-term follow-up of a minimum period of 2 years is 
needed. Third, the sample size was relatively small. We did not 
include patients who did not undergo complete repair due to 
large-sized tears. Finally, in this study, histological analysis of the 
healed cuff was not performed. The histological structure of the 
repaired tendon-to-bone interface is different from that of nor-
mal tendon insertion [39]; therefore, further studies including 
histological analysis between groups are needed. 

Co-administration of atelocollagen and HA improved healing 
of the rotator cuff and increased the integrity of the rotator cuff 
repair site. This study provides encouraging evidence for use of 
combined atelocollagen-HA injections in treatment of patients 
with full-thickness RCT. 
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Background: This study aimed to determine: the perspectives of the patient cohort that underwent telehealth consultation and shoulder re-
habilitation during coronavirus disease 2019 (COVID-19) and the differences in the patients’ perspectives with the two different telehealth 
video applications (apps) used in the study. 
Methods: This is a prospective study carried out during the COVID lockdown period of April to July 2020. Thirty consecutive patients 
from the orthopedics department of a tertiary institute in India underwent their first-ever session of a video app-based (Zoom or 
WhatsApp) telehealth consultation with shoulder rehabilitation exercises on a handheld mobile, tablet, or laptop device. After the virtual 
consultation, the patients were sent a validated telehealth usability questionnaire (TUQ) to evaluate their perspectives. Scores obtained from 
the TUQ were the primary outcome measure. 
Results: The study was completed by 30 patients (16 men and 14 women) with an average age of 56 years (range, 20–77 years). The patients 
who contacted us during the lockdown period with either a stiff shoulder or a conservatively treated shoulder fracture were included in the 
study. The average TUQ score was 13.6 (median, 14.5; range, 6–21) out of a maximum of 21 points. Eighty percent of the patients were sat-
isfied and found the telehealth service useful. Use of the Zoom app scored significantly higher (median, 17; average, 15.6) than the 
WhatsApp app (median, 8.5; average, 9.6) (p=0.004). 
Conclusions: Patients who received telehealth consultation and shoulder rehabilitation were overall satisfied. Telehealth apps with ad-
vanced video calling features such as Zoom should be preferred for higher patient satisfaction. 
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INTRODUCTION 

Around the months of February and March, 2020, several coun-
tries, including India, went into a total or partial lockdown and 
adopted strict social distancing measures to limit the spread of 
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coronavirus disease 2019 (COVID-19) [1]. Any other non-ur-
gent, non-traumatic problems that the patients were facing sud-
denly took a back seat due to the potential infectious and fatal 
nature of COVID-19 [2]. Accordingly, many countries’ lockdown 
guidelines specified that patients should postpone any non-ur-
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gent medical visits to free up hospital resources for tackling the 
COVID-19 pandemic [3]. The forced stay-at-home orders and 
workforce repurposing paved the way for an increase in the use 
of telehealth services for consultation, diagnostic, and rehabilita-
tion services in orthopedics and fracture care. Some of our pa-
tients who had undergone shoulder surgery just before the lock-
down was announced, and some newly diagnosed patients with 
shoulder problems, were unable to reach the hospital or any re-
habilitation facility. Since telehealth was the newly preferred way 
of dispensing consultation and advisory services [4], we adopted 
that method to dispense consultation and shoulder rehabilita-
tion, based on our pre-existing conventional protocols. The usage 
of telehealth services in the current pandemic continues to in-
crease because it reduces unnecessary patient visits, maintains 
social distancing, and reduces the cost of health care. 

However, despite this recently increasing trend, some surveys 
have raised doubts about the perceived benefits of telehealth be-
cause of problems such as audio-visual interruptions,unsatisfac-
tory patient experience, and privacy concerns [5]. Recently pub-
lished studies have also called for analyses of patient satisfaction 
with the telehealth model of delivering health care because there 
exist severe knowledge gaps regarding patients’ perceptions and 
beliefs regarding telehealth services [6,7]. Therefore, we under-
took this study with the aim to evaluate the perspectives of pa-
tients who used telehealth during COVID-19. We asked (1) what 
are the perspectives of the patients who underwent telehealth 
consultation and shoulder rehabilitation during COVID-19? and 
(2) are there any differences in the patients’ perspectives with the 
two different telehealth applications (apps) used in the study? 
This second question was posed because we had initially recom-
mended a universally available app but later switched to another 
one when the lockdown was partially relaxed. 

METHODS 

This study was approved by the Institutional Ethics Committee 
of Jupiter Hospital and all the patients gave informed consent to 
participate in the study and for the use of their photos. 

Study Setting and Design 
During India’s lockdown period of April to July 2020, 30 consec-
utive patients were prospectively studied in the Shoulder division 
of the Orthopedics department in a tertiary care hospital of 
Mumbai. The patients underwent their first-ever video app-
based telehealth consultation with shoulder rehabilitation exer-
cises (as explained below) on a handheld mobile, tablet, or laptop 
device for 15–25 minutes, supervised by a physician (DS) and a 

physiotherapist (VR). The entire protocol of the virtual consulta-
tion and rehabilitation was similar to our in-person consultation 
sessions. After the virtual consultation, the patients were sent a 
validated telehealth usability questionnaire (TUQ) [8] to evaluate 
their perspectives on the usability of the telehealth services. The 
scores obtained from the TUQ formed our primary outcome 
measure. We used the strengthening the reporting of observa-
tional studies in epidemiology (STROBE) cohort reporting 
guidelines as a checklist [9]. 

Participants/Study Subjects 
The patients who contacted us during the lockdown period with 
either a postoperative shoulder condition, a stiff shoulder (adhe-
sive capsulitis as diagnosed by the senior shoulder surgeon), or a 
conservatively treated shoulder fracture were included in the 
study. The patients were required to have either a WhatsApp or 
Zoom app, on a mobile, tablet, or laptop device. All the patients 
had been seen by us face-to-us before the lockdown. For all the 
patients, the telehealth encounter was their first rehabilitation 
visit. The patients with acute shoulder pain, acute shoulder inju-
ry, or those who were approved for and awaiting a shoulder sur-
gery were excluded.  

Telehealth Consultation  
The three-way (patient, DS, and VR) video telehealth consulta-
tion and rehabilitation was either on the WhatsApp app or the 
Zoom app, both of which allowed real-time video conferencing. 
The Zoom app requires a preinstallation learning tutorial on its 
installation and use; this was possible for our patients only during 
the latter time period (June and July) when the lockdown was 
partially relaxed and they could seek help from their relatives and 
family members. The WhatsApp video call can be activated by a 
simple call button and requires no learning tutorial. The Zoom 
video could be used on a mobile phone or a laptop device, but 
WhatsApp could be used only on a mobile phone. 

The first 10 patients were consulted on WhatsApp call because 
of its nearly-universal accessibility and because no special train-
ing was needed for its use during the initial strict lockdown peri-
od of April and May. In June and July, we asked the 20 subse-
quent patients to seek help in downloading the Zoom app on ei-
ther their laptop device (preferred) or on a tablet or mobile de-
vice. We had concerns triggered by the initial lower reliability 
scores of the first 10 patients who had used WhatsApp, and 
therefore we asked the next 20 patients to preferably use the 
Zoom app. Regulatory requirements under the Health Insurance 
Portability and Accountability Act (HIPAA) have been relaxed 
and the use of video calling apps such as WhatsApp, Zoom, 
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Skype, and Facebook Messenger are allowed in compliance with 
the good faith provision of telehealth during COVID-19 [10]. 
Many other apps are also HIPAA-compliant, such as Skype for 
business, Cisco WebEx meeting, Amazon Chime, and GoTo-
Meeting [11]. 

Prior to the telehealth call, the patients were sent a photo PDF 
file illustrating the steps of the exercises (Figs. 1–4). The patients 

were asked to sit on a chair at a distance of 6 feet from the mobile 
phone or laptop device; a phone had to be held by a family mem-
ber who adjusted its position to center the patient image. The pa-
tients were taught the following exercises and were asked to re-
peat them 10 times. All four exercises were taught sequentially. 
Patient compliance to the exercise regimen was ensured by su-
pervising them via the virtual platform once every month by the 

Fig. 1. Self-assisted elevation exercises with the patient sitting on a chair. (A) He/she interlocks their fingers and their elbows are flexed at 20°–
30°, at rest the arms are internally rotated. (B) He/she slowly elevates both arms together in a controlled fashion. (C) He/she then fully elevates 
their arms together on top of the head, and in doing so the arms get externally rotated.

Fig. 2. External rotation with arm abducted (ER2) exercises with the patient sitting on a chair. (A) He/she puts their hands behind their head 
with the elbows externally rotated. (B) Then, he/she tries to elevate both arms above and behind their head.

A B

BA

C
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physiotherapist and via face-to-face consultation with the physi-
cian once every 3 to 4 months or as was feasible in the lockdown 
situation. 

Rehabilitation Exercises 
As per our normal pre-existing protocol, all postoperative pa-
tients, patients with stiff shoulder due to capsulitis, and patients 
who were conserved for shoulder fractures (proximal humerus, 
greater tuberosity fracture, or clavicle fracture) underwent the 

Fig. 3. External rotation of the arm with the elbow adducted (ER1) exercises with the patient sitting on a chair. (A) The patient joins their 
hands in the center. (B) Then, he/she takes their hands out by externally rotating their arms.

Fig. 4. Internal rotation exercises with the patient standing. (A) He/she places one hand over the opposite shoulder and the other hand behind 
their back. (B) Then, he/she changes the hands and performs the same action with the other hands on the opposite side.

BA

BA
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same set of rehabilitation exercises. These exercises and their ba-
sic principles are widely published [12,13] and have been in use 
for several years [13]. They are based on three fundamental prin-
ciples: A. K. Saha’s principle of zero position [14], Charles Neer 
principles of shoulder motion in scapular plane [15], and E. 
Amory Codman’s principles of paradoxical motion [16,17] . 

Exercise protocol 
The above principles were applied in the following self-assisted re-
habilitation exercises. (1) Self-assisted elevation exercises (Fig. 1): 
The patient is sitting on a chair with their back supported. He/
she interlocks their fingers and bends the elbows at an angle of 
20°–30°. In the resting position, the shoulder is internally rotated. 
Then the hands are moved overhead, in the scapular plane be-
tween the frontal and coronal plane. (2) External rotation with 
arm abducted (ER2) exercises (Fig. 2). First the hands are placed 
behind the head and then the elbows are externally rotated is ex-
ternally rotated. Then, both hands are elevated together above 

the head, with the eventual aim to elevate them behind the head. 
(3) External rotation of the arm with the elbow adducted (ER1) 
(Fig. 3). (4) Internal rotation exercises (Fig. 4).  

Telehealth Usability Questionnaire  
The TUQ [8] is a comprehensive, validated questionnaire that 
can be used to evaluate a patient’s perception of the usability of 
and satisfaction with various types of telehealth systems, includ-
ing the traditional video systems as well as the newer generation 
of mobile devices. The questionnaire evaluates patients’ percep-
tions in six domains (Table 1). (1) Usefulness, which is the pa-
tient’s perception of how the system works overall to provide the 
health care service, and the advantages it offers in relation to tra-
ditional health care delivery; (2) ease of use and learnability, 
which refers to how easy it is to learn and use the system; (3) in-
terface quality, which evaluates the interaction of the patient with 
the computer system and how easy it is to navigate the system 
with its graphical interface; (4) interaction quality, which evalu-

Table 1. Telehealth Usability Questionnaire items and the number of patients who chose those responses item within each domain

Domain (item)
No. of responses

WhatsApp Zoom Combined
Usefulness scale summary (1–3)

1. Tele-rehabilitation improves my access to healthcare services. 6 17 23
2. Tele-rehabilitation saves me time traveling to a hospital or specialist clinic. 8 18 26
3. Tele-rehabilitation provides for my healthcare needs. 3 14 17

Ease of use and learnability scale summary (4–6)
4. It was simple to use this technology. 5 20 25
5. It was easy to learn to use the technology. 7 16 23
6. I believe I could become productive quickly using this technology. 4 12 16

Interface quality scale summary (7–10)
7. The way I interact with this application is pleasant. 4 17 21
8. I like using this application. 2 13 15
9. The application is simple and easy to understand. 7 19 26
10. This application is able to do everything I would want it to be able to do. 3 9 12

Interaction quality scale summary (11–14)
11. This application is able to do everything I would want it to be able to do. 6 19 25
12. I could hear the clinician clearly using this technology. 6 16 22
13. I felt I was able to express myself effectively. 5 16 21
14. Using the telehealth system, I could see the clinician as well as if we met in person. 3 11 14

Reliability scale summary (15–17)
15. I think the visits provided over the application are the same as in-person visits. 3 13 16
16. Whenever I made a mistake using the application, I could recover easily and quickly. 5 11 16
17. The application gave error messages that clearly told me how to fix problems. 1 5 6

Satisfaction and future use scale summary (18–21)
18. I feel comfortable communicating with the clinician using this technology. 4 18 22
19. Tele-rehabilitation is an acceptable way to receive healthcare services. 5 16 21
20. I would use tele-rehabilitation services again. 3 15 18
21. Overall, I am satisfied with tele-rehabilitation. 6 18 24
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ates the interaction of the patient with the physician, including 
the audio-visual quality; (5) reliability, which refers to how easily 
the patient can recover from any error and whether the system 
offers steps on how to correct the error, and also whether the pa-
tient thinks the virtual visits are same as in-person visits; and (6) 
satisfaction and future use, which refer to the satisfaction with 
and the willingness of the patient to use the telehealth medium in 
the future. Each domain had three or four choices (Table 1), of 
which the patients could select all that applied to them. Each re-
sponse was given a score of 1 and maximum possible choices was 
21. A total score of 0–5 was graded as poor, 6–10 as fair, 11–15 as
good, and 16–21 as excellent. 

Patient Demographics 
The questionnaire was completed by 30 consecutive patients (16 

men and 14 women), average age 56 years (range, 20–77 years) 
(Table 2). Ten patients were postoperative follow-ups (3–8 weeks 
postoperative), and 20 patients were in the conservatively treated 
group. One patient with adhesive capsulitis had been diagnosed 
with COVID-19 two weeks earlier, but had recovered and was 
still in home isolation. The rest of the 29 patients were never di-
agnosed with COVID-19. 

Variables and Outcome Measures 
The primary study variable was the TUQ score. The primary 
study outcome was to objectively evaluate the overall usability of 
the telehealth system, based on the average TUQ score and the 
individual response items chosen as a percentage of the maxi-
mum score. Our secondary study outcome was to evaluate the 
differences in the usability of Zoom and WhatsApp, based on the 

Table 2. Demographics of the 30 patients in the study

Serial 
number Diagnosis/etiology Level of

education
Device used for 

telehealth
Application used 

for telehealth
1 Post Latarjet surgery Postgraduate Mobile WhatsApp
2 Post Latarjet surgery Graduate Mobile WhatsApp
3 Post rotator cuff repair Postgraduate Mobile WhatsApp
4 Post Latarjet surgery Graduate Mobile WhatsApp
5 Post rotator cuff repair High school Mobile WhatsApp
6 Postoperative follow-up of locked plate fixation of fracture dislocation of proximal 

humerus
Graduate Mobile WhatsApp

7 Post rotator cuff repair High school Mobile WhatsApp
8 Adhesive capsulitis Postgraduate Mobile WhatsApp
9 Adhesive capsulitis Postgraduate Mobile WhatsApp
10 Post rotator cuff repair High school Mobile WhatsApp
11 Postoperative follow-up locked plate fixation of fracture proximal humerus Postgraduate Laptop Zoom
12 Adhesive capsulitis High school Laptop Zoom
13 Adhesive capsulitis Graduate Laptop Zoom
14 Conserved fracture proximal humerus High school Laptop Zoom
15 Adhesive capsulitis High school Laptop Zoom
16 Adhesive capsulitis High school Laptop Zoom
17 Adhesive capsulitis High school Laptop Zoom
18 Conserved greater tuberosity fracture Postgraduate Laptop Zoom
19 Adhesive capsulitis Postgraduate Laptop Zoom
20 Adhesive capsulitis Graduate Mobile Zoom
21 Postoperative locked plate fixation of fracture proximal humerus High school Mobile Zoom
22 Adhesive capsulitis Graduate Mobile Zoom
23 Conserved fracture of midshaft clavicle High school Mobile Zoom
24 Adhesive capsulitis Graduate Mobile Zoom
25 Adhesive capsulitis Postgraduate Mobile Zoom
26 Adhesive capsulitis High school Mobile Zoom
27 Adhesive capsulitis Graduate Mobile Zoom
28 Adhesive capsulitis Graduate Mobile Zoom
29 Adhesive capsulitis Postgraduate Tablet Zoom
30 Adhesive capsulitis Postgraduate Tablet Zoom
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Table 3. Domains of the TUQ and the average score obtained in each domain by WhatsApp users, Zoom users, and combined

Subsets of TUQ Maximum score
Average score (%)

WhatsApp Zoom Combined
Usefulness 3 1.70 (56.6) 2.45 (81.6) 2.20 (73.3)
Ease of use and learnability 3 1.60 (53.3) 2.40 (80) 2.13 (71)
Interface quality 4 1.60 (40) 2.90 (72.5) 2.47 (61.7)
Interaction quality 4 2.00 (50) 3.05 (76.2) 2.70 (67.5)
Reliability 3 0.90 (30) 1.45 (48.3) 1.27 (42.3)
Satisfaction and future use 4 1.80 (45) 3.35 (83.7) 2.83 (70.7)
Total score 21 9.60 (45.7) 15.60 (74.2) 13.60 (64.7)
Values are presented as number (%).
TUQ: telehealth usability questionnaire.

differences in their TUQ scores. 

Data Analysis 
IBM SPSS ver. 26 (IBM Corp., Armonk, NY, USA) was used for 
all statistical analyses. Descriptive statistics in the form of mean, 
median, standard deviation, and percentage of responses received 
were used to describe the TUQ. Secondarily, the average scores 
of the WhatsApp app users and the Zoom app users were also 
compared with the help of the Mann-Whitney U-test. A p-value 
of less than 0.05 was considered significant. 

RESULTS 

Patients’ Perspectives on Telehealth 
The average score of the 30 patients was 13.6 points (median, 
14.5; range, 6–21 points) out of a maximum of 21 points (Table 
3). This was graded as a good score. The domains of usefulness 
and ease of use/learning scored the maximum, with averages of 
73.3% and 71%, respectively. Interface quality, interaction quality, 
and satisfaction scored an average of 61.7%, 67.5%, and 70.7%, 
respectively, and reliability scored the least with 42.3% (Table 3). 

Our evaluation of individual items in the TUQ revealed that 
most patients found the technology easy to learn to use (23/30), 
the app was easy and simple to understand (26/30), the process 
saved time and travel (26/30), they could hear the physician 
properly (22/30), and, overall, they were satisfied with the telere-
habilitation (24/30). Fewer patients said that the visit over the app 
was similar to in-person visits (16/30), and error messages on how 
to correct a problem (6/30) (Table 1). 

Patients’ Perspectives on the Two Different apps for 
Telehealth 
The Zoom app scored significantly higher (median, 17; average, 
15.6) than the WhatsApp app (median, 8.5; average, 9.6) 

(p = 0.004). All the domains were scored higher by the Zoom us-
ers than WhatsApp users (Table 3). 

DISCUSSION 

Although telehealth usage has seen a major surge in the current 
COVID-19 pandemic, patient satisfaction remains a key compo-
nent that will decide the future evolution of telehealth practices 
[18]. Therefore, the aim of this study was to evaluate patient per-
spectives regarding telehealth consultation and shoulder rehabili-
tation, and to evaluate the differences in perspectives with the 
use of two different apps. Our study found that the patients who 
underwent telehealth shoulder rehabilitation scored the use of 
telehealth services as good to excellent (Zoom) on the usability 
questionnaire. They also found the virtual interaction easy and 
useful. This will encourage more health care professionals to of-
fer virtual care for shoulder rehabilitation and consultation 
through app-based calls, thus reducing the number of patient 
visits to health care facilities and cutting down their exposure 
during the pandemic and even in the foreseeable future. 

In our study, the majority of patients found that the telehealth 
service saved them time and travel, and improved their access to 
health care services. Most patients also found that they were able 
to learn and use the technology easily, that they could under-
stand the app easily, that they felt comfortable communicating 
with the clinician, and that they were overall satisfied with its use. 
It has been stated earlier in the literature that one of the advan-
tages of this technology is that it saves time and travel for the pa-
tients [19]. The patients can avoid unnecessary travel to the 
health facility and can derive the benefits of consultation and re-
habilitation sitting in their homes [19]. 

Our cohort included young and old patients, and patients with 
education levels ranging from high school to post-graduate. 
Hence, in our experience the benefits of telehealth can extend to 
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patients of all ages and to patients with all levels of education. 
There have been doubts over the perceived benefits in the elderly 
age group [20], but in our experience this group of patients were 
the most satisfied and found the virtual interaction useful be-
cause it reduced their exposure and cut down on their unneces-
sary travel. Moreover, since our cohort included patients who 
had undergone surgery as well patients who were conservatively 
treated, this study shows that the benefits of telehealth can be ex-
tended to both categories of patients. 

Audio-visual quality and internet connectivity are always a 
limiting factor in telehealth delivery [18], but in this study the in-
teraction quality was found to be good by the majority of the pa-
tients. However, the reliability domain was scored the lowest 
(combined, 42%; Zoom, 48%; and WhatsApp, 30%), which 
means that the apps did not give them correct error messages for 
fixing problems. Whenever the video was disconnected due to a 
weak network, the apps offered limited functions on the steps 
necessary for correction. 

Overall, only 53% of the patients felt that the telehealth visits 
were the same as in-person visits. This is understandable because 
the physical reassuring touch of the physician is lacking in tele-
health services, and some patients may still prefer to visit their 
health care provider in person [21]. Traditionally, telehealth has 
been used over larger platforms like Cisco-Tanberg, Polycom, 
Sony PCS 50, and Adobe Connect [8,22]. High patient satisfac-
tion with telehealth has been demonstrated in earlier pre-COVID 
studies, but in those studies video conferences over traditional 
platforms were held at a regional medical center and with trained 
physicians [23]. Another recent study also evaluated patient sat-
isfaction with phone calls and video calls [24], but it only as-
sessed a limited number of parameters and it did not perform a 
comprehensive and detailed examination of the interactions, as 
was done in our study. 

Our study demonstrated that the telehealth experience can be 
highly satisfying with the patients connecting from their homes 
over universally available mobile apps. Two other COVID-19 
studies on patients with shoulder problems and their telehealth 
satisfaction have revealed similar results. Ben-Ari et al. [25] re-
ported that the patients were highly satisfied with their telehealth 
encounters but had a significantly lower preference for future 
telehealth visits if there were no pandemic. Sabbagh et al. [26] re-
ported that there was no difference in satisfaction between the 
telemedicine group and the in-person consultation group of pa-
tients who were evaluated as follow-ups after an earlier shoulder 
cuff repair or a shoulder arthroplasty. A study by Steele et al. [27] 
prior to the COVID pandemic also reported that patients were 
very satisfied with the telerehabilitation procedure. 

The TUQ scores of the Zoom users were significantly higher 
than those of the WhatsApp users. The reason for this is because 
Zoom is an enterprise app with significantly advanced video call-
ing features, while WhatsApp is a chat app with limited video 
calling features [28]. A higher percentage of Zoom users were 
satisfied (90%) and were likely to use the service again (75%), as 
compared to WhatsApp users (60% and 30%, respectively). 

This brings forth an important fact that the mobile apps cho-
sen for telehealth will also influence patient perspectives. Tele-
health is now being conducted over various apps, such as 
WhatsApp [29], which is a universally available chat app, and 
MyChart [7], which is a medical records app, but we recommend 
testing out any app in the first few calls to check the stability and 
smoothness of the audio-video quality over mobile as well as lap-
top devices. 

Our study has several limitations. First, this study involved a 
small number of patients (n = 30) who evaluated a single virtual 
encounter. However, our sample size was comparable to that of 
other studies on telerehabilitation during non-COVID times 
[22,30]. The small sample size was intended to evaluate the pa-
tients’ perspectives as a preliminary study before the scope of the 
services could be expanded further. Second, the outcomes of the 
rehabilitation and consultation via telehealth were not evaluated 
over the long term. Hence, any adverse effects of the telehealth 
visits could not be ascertained. However, it gave us significant in-
sights in telehealth apps which may help us in further expanding 
the services and provide valuable lessons to physicians. 

Third, this study included only those patients who underwent 
consultation and exercises for shoulder disorders. The results of 
the study can also be applied to upper limb and even lower limb 
disorders as the patient’s interaction with the technology would 
remain the same. However, we are unable to comment on how 
patients who are bedridden, such as after spinal surgery, may 
perceive the telehealth services, because their interaction with 
the technology may be altered. Fourth, we did not compare the 
patients’ perspectives between telehealth and conventional con-
sultations. And finally, we did not randomize the use of the two 
telehealth apps between the users. 

Patients who received home-based consultation and shoulder 
rehabilitation exercises via telehealth over video calling apps were 
satisfied overall and found that it saved them time and travel and 
improved their access to health care. We conclude that patients 
are also willing to use future telehealth services if they find them 
easy to learn and have good interaction quality, especially during 
this pandemic wherein the resources are constrained and pa-
tients’ exposure to the hospitals needs to be reduced. A telehealth 
app with advanced video calling features and strong connectivity, 
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such as the Zoom app, may provide better patient satisfaction as 
compared to an app with weaker video call connectivity such as 
WhatsApp. 
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INTRODUCTION 

Arthroscopic rotator cuff repair (ARCR) is a minimally invasive 
surgical technique that enables a more accurate diagnosis of 
shoulder lesions and is associated with less postoperative pain 
and quick recovery of range of motion (ROM) compared to open 
surgical technique [1]. However, healing of the torn tendon is 
crucial for good clinical outcome after surgery. It is primarily as-

Background: This study aims to compare the clinical outcomes of steroid injections during the rehabilitation period after arthroscopic ro-
tator cuff repair (ACRC).
Methods: Among patients who underwent ARCR, 117 patients who met the inclusion and exclusion criteria were enrolled. Pain and range 
of motion (ROM) recovery at the 3-, 6-, and 24-month follow-up visits and functional outcome at the 24-month follow-up were compared 
between 45 patients who received ultrasound-guided subacromial steroid injection at postoperative week 4 or 6 and 72 patients who did 
not. Functional outcome was assessed using the American Shoulder and Elbow Surgeons (ASES) score and Constant score. Healing of the 
repaired tendon and retear were observed at the 6-month follow-up via magnetic resonance imaging (MRI) or computed tomography (CT) 
arthrography.
Results: At the 3-month follow-up, the steroid injection group showed lower visual analog scale scores than the control group (p<0.05) and 
showed faster recovery of forward flexion and internal rotation (p<0.05). From the 6-month follow-up, the two groups did not show differ-
ences in pain and ROM, and the ASES score and Constant score also did not significantly differ at the 24-month follow-up. The two groups 
did not differ in retear rate as determined by MRI or CT arthrography at the 6-month follow-up.
Conclusions: This study demonstrated that ultrasound-guided subacromial steroid injection at 4 or 6 weeks after ARCR leads to quick pain 
reduction and ROM recovery until 3 months after surgery. Therefore, subacromial steroid injection is speculated to be an effective and rela-
tively safe method to assist rehabilitation.
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sociated with the patient’s preoperative characteristics, such as 
age, size of tear, muscle atrophy, and fatty infiltration, as well as 
postoperative rehabilitation [2,3]. To enhance the postoperative 
healing process, the shoulder joint should generally be immobi-
lized for a certain period, and as a result, stiffness is one of the 
most common postoperative complications [4,5]. Stiffness after 
rotator cuff repair occurs as a result of adhesion of the articular 
capsule and surrounding soft tissues, which is in turn influenced 
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by various factors, including preoperative stiffness, surgical tech-
nique, diabetes, and postoperative rehabilitation [1,6,7]. Rehabil-
itation is a critical factor in obtaining good postoperative clinical 
outcome. Although the most effective duration of immobiliza-
tion and time to begin passive or active assisted exercise are still 
debated, postoperative pain is an important factor that hinders 
rehabilitation. 

Due to their potent anti-inflammatory effects, corticosteroids 
have been frequently used for pain control and functional recov-
ery, such as recovery of ROM. It is well known that intraarticular 
steroid injection reduces pain and promotes quick recovery of 
ROM by reducing synovial membrane inflammation and shoul-
der capsular fibrosis [8]. Subacromial steroid injection has been 
reported to produce the same effects in primary frozen shoulder 
[9]. Furthermore, the efficacy of steroids in controlling pain im-
mediately after ARCR has been documented [10]. However, ste-
roid injections in the shoulder joint have also been reported to 
accompany severe complications [11], and concerns with intraar-
ticular steroid injection during the rehabilitation period persist 
due to the effects of steroids on the healing of the repaired ten-
don. 

Therefore, this study aims to examine the effects of subacromi-
al steroid injection on the effectiveness of rehabilitative exercise 
and healing of the repaired tendon in patients who underwent 
ARCR with limitation in rehabilitation due to pain at 4 or 6 
weeks after surgery when they begin self-assisted passive range of 
motion. 

METHODS 

This study was approved by the Institutional Review Board  
of National Health Insurance Service Ilsan Hospital (IRB No. 
NHIMC 2021-06-020). 

One hundred ninety-eight patients who underwent ARCR be-
tween March 2014 and February 2016 at our hospital were retro-
spectively analyzed. Informed consent was waived due to retro-
spective nature of this study. The inclusion criteria were patients 
who received rotator cuff repair for a full-thickness tear or a par-
tial tear involving more than 50% of the tendon that is practically 
irresponsive to conservative treatment. All surgeries were per-
formed by one surgeon. The exclusion criteria were (1) patients 
who only underwent a partial repair due to the difficulty of a full 
repair, (2) patients with a history of surgery on the ipsilateral 
shoulder, (3) patients who did not receive computed tomography 
(CT) arthrography or magnetic resonance imaging (MRI) 6 
months after surgery, (4) patients who were not followed up for 
at least 2 years, and (5) patients who were involved in an indus-

trial or traffic accident. Based on the inclusion and exclusion cri-
teria, a total of 117 patients were enrolled. Forty-five patients 
(38.5%) who received ultrasound-guided subacromial steroid in-
jection at postoperative week 4 or 6 when the shoulder abduction 
brace is removed and assisted passive ROM is begun were classi-
fied into group A, and 72 patients (61.5%) who did not receive 
steroid injection were classified into group B for a retrospective 
analysis of the clinical and radiological outcomes. 

All surgeries were performed arthroscopically in the lateral de-
cubitus position under general anesthesia. During surgery, rota-
tor cuff tears were classified into partial tear, small tear ( < 1 cm), 
medium tear ( < 3 cm), large tear, and massive tear (3–5 cm), and 
single row repair or suture bridge repair were performed accord-
ingly. Postoperative pain was controlled using intravenous pa-
tient-controlled analgesia, and additional analgesics were admin-
istered when needed. All patients wore a shoulder abduction 
brace immediately after surgery, which was maintained until 
postoperative week 4 for patients with partial, small, and medi-
um tears and postoperative week 6 for patients with large and ex-
tensive tears. Pendulum exercise was begun 1 to 3 days after sur-
gery depending on the severity of postoperative pain, and assist-
ed passive ROM exercise using a T-bar and pulley was begun at 
postoperative week 4 or 6 when the brace was removed. Assisted 
active ROM exercise was begun at postoperative week 8, and 
muscle strengthening training including forward flexion and in-
ternal and external rotation using an elastic band was begun at 
postoperative week 12. The patients were instructed to return to 
their preoperative activities or sports activity after 6 months of 
surgery.  

Ultrasound-guided steroid injection was recommended to pa-
tients who complained of pain of visual analog scale (VAS) score 
5 or higher at the postoperative week 4 or 6 outpatient follow-up, 
and the therapy was given to those who provided consent. A total 
of 5 mL of a mixture of 1 mL of triamcinolone (40 mg) and 4 mL 
of ropivacaine was injected to the superior of the repaired tendon 
while monitoring the status of the repaired tendon via ultra-
sound. 

To assess clinical outcomes, pain (VAS score, 0–10) and ROM 
were measured for all patients before surgery and 3 months, 6 
months, and 2 years after surgery. For a functional assessment, 
the American Shoulder and Elbow Surgeons (ASES) score and 
Constant score were measured before surgery and 2 years after 
surgery. Passive ROM was measured. Forward flexion was mea-
sured while the scapula was immobilized, and external rotation 
of the arm was measured with the elbow fixed at the flank. Inter-
nal rotation was measured based on the highest level of spine the 
patient can touch with the ipsilateral thumb. For statistical analy-
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sis, the following numbers were given to the levels of spine: 1–12 
for T1–T12; 13–17 for L1–L5, and 18 for the sacrum [12]. CT ar-
thrography or MRI was performed at postoperative 6 months to 
verify whether the repaired tendon was healed. 

All statistical analyses were performed using IBM SPSS ver. 21 
(IBM Corp., Armonk, NY, USA). Pain, ROM, ASES score, and 
Constant score between the two groups were compared with stu-
dent t-test, and improvements of pain and functional indices 
within each group were examined by comparing preoperative 
and postoperative 2-year parameters using paired t-tests. Sex and 
tear sizes were classified using the chi-square test. Level of signif-
icance was set to p < 0.05. 

RESULTS 

The mean age of group A (n = 45), the group of patients who re-
ceived ultrasound-guided subacromial steroid injection after sur-
gery, was 62.4 ± 8.7 years (range, 39–78 years), with 20 (44.4%) 
male patients. The mean age of group B (n = 72), the group of pa-
tients who did not receive postoperative steroid injection, was 
63.1 ± 8.4 (range, 42–81) years, with 34 male patients. Thirty-sev-
en patients (82.2%) in Group A and 56 patients (77.8%) in group 
B were operated on their dominant arm. In group A, the number 
of patients with partial tear, small and medium tear, and large 
and extensive tear were 6, 28, and 11, respectively, and the same 
for group B was 13, 43, and 16, respectively. The two groups did 
not significantly differ in their baseline parameters before sur-
gery (Table 1). 

The two groups did not significantly differ in preoperative 
pain as measured with VAS score, and both groups showed sig-
nificant reductions in pain at the 2-year follow-up (p < 0.05). At 
the 4- or 6-week follow-up, group A showed higher pain scores 
(5.9 ± 1.1) than group B (4.4 ± 1.5) (p < 0.05). At the 3-month fol-
low-up, group A showed a significant reduction in pain (2.1± 1.2) 
compared to group B (3.1 ± 1.1) (p < 0.05). From the 6-month 

follow-up, neither group showed a statistically significant differ-
ence in pain (Table 2). 

The two groups did not differ significantly in functional indi-
ces, as assessed with the ASES score and Constant score, before 
surgery. In group A, the ASES score and Constant score showed 
statistically significant improvement from 49.4 ± 13.0 before sur-
gery to 87.2 ± 9.6 at the 2-year follow-up and from 56.5 ± 10.4 be-
fore surgery to 86.4 ± 7.8 at the 2-year follow-up, respectively. In 
group B, the ASES score and Constant score showed statistically 
significant improvement from 51.0 ± 13.4 before surgery to 
88.2 ± 8.5 at the 2-year follow-up and from 57.3 ± 9.7 to 84.9 ± 8.1 
at the final follow-up, respectively. There were no statistically sig-
nificant differences in the functional indices between the two 
groups at the 2-year follow-up (Table 2). 

Forward flexion was not significantly different between the 
two groups before surgery, but it showed statistically significant 
higher angle in group A (147.9 ± 19.2), which received steroid in-
jections, than in group B (138.9 ± 24.0), which did not receive 
steroid injections, at the 3-month follow-up (p < 0.05). However, 
there were no differences between the two groups at the 6-month 
and 2-year follow-up visits. External rotation did not show a sta-
tistically significant difference between the two groups before 
surgery and throughout the follow-up. Internal rotation did not 
significantly differ between the two groups before surgery, but 
group A (T12) showed statistically significant higher angles  
compared to group B (L1) at the 3-month follow-up. There were 

Table 1. Patient demographics

Variable Group A  
(n= 45)

Group B  
(n= 72) p-value

Age (yr) 62.4± 8.7 63.1± 8.4 0.742
Sex (male:female) 20:25 34:38 0.769
Dominant arm involvement 37 (82.2) 56 (77.8) 0.562
Tear size (R1:R2:R3*) 6:28:11 13:43:16 0.791
Values are presented as mean±standard deviation or number (%). 
Group A: sono-guided subacromial corticosteroid injection, Group B: 
control.
*R1, partial tear; R2, small-to-medium tear (<3 cm); R3, large-to-mas-
sive tear (>3 cm).

Table 2. VAS, ASES, Constant scores for both groups

Score Group A Group B p-value
VAS
 Preoperative 6.1± 1.3 6.0± 1.2 0.571

4- or 6-Week follow-up 5.9± 1.1 4.4± 1.5 < 0.001*
3-Month follow-up 2.1± 1.2 3.1± 1.1 < 0.001*
6-Month follow-up 1.2± 1.0 1.4± 1.1 0.445

 2-Year follow-up 0.8± 1.0 0.7± 0.8 0.481
ASES
 Preoperative 49.4± 13.0 51.0± 13.4 0.539

2-Year follow-up 87.2± 9.6 88.2± 8.5 0.595
Constant
 Preoperative 56.5± 10.4 57.3± 9.7 0.651

2-Year follow-up 86.4± 7.8 84.9± 8.1 0.315
Values are presented as mean±standard deviation. Group A: sono-guid-
ed subacromial corticosteroid injection, Group B: control.
VAS: visual analog scale, ASES: American Shoulder and Elbow Sur-
geons.
*Significant improvement of VAS, ASES, and Constant score within
groups was found between preoperative and 2-year postoperative in 
both groups (p<0.001). Statistically significant association with 4- or 
6-week and 3-month follow-up pain (p<0.001).
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no differences at the 6-month and 2-year follow-up visits  
(Table 3). 

CT arthrography or MRI performed at postoperative month 6 
to verify the healing of the rotator cuff repaired tendon revealed 
that 24.4% (11/45) and 25.0% (18/72) of the cases in group A 
(steroid injection) and group B (no steroid injection), respective-
ly, were re-torn, with no significant differences between the two 
groups. 

DISCUSSION 

Corticosteroids produce anti-inflammatory effects by reducing 
the production of arachidonic acid derivatives, such as prosta-
glandins or leukotrienes, by inhibiting phospholipase A2 [13]. 
For this reason, steroid injection has been used widely in shoul-
der-related problems to relieve pain or facilitate ROM recovery. 
The effect of intraarticular steroid injection on pain reduction 
and quick recovery of ROM in adhesive capsulitis has been doc-
umented extensively [9,14-17]. A prospective randomized study 
also demonstrated that subacromial steroid injection also pro-
duces the same effects in primary frozen shoulder [9]. Several 
studies have reported that subacromial steroid injection leads to 
quick pain relief and functional recovery in patients with shoul-

der impingement syndrome or rotator cuff tendonitis [18,19]. 
The clinical efficacy of steroid injection in degenerative arthritis 
of the glenohumeral joint and full-thickness rotator cuff tear 
have been investigated [20,21]. 

Notwithstanding their efficacy in alleviating pain via anti-in-
flammatory actions, steroids are associated with multiple side ef-
fects. Intratendinous or intramuscular steroid injection can cause 
a tear by weakening collagen fibers [22]. Complications of shoul-
der joint steroid injections, such as tendon tears, have been re-
ported in a few studies [20,23]. Watson [24] reported poor out-
comes in rotator cuff repair in patients who received more than 
four steroid injections prior to surgery. Use of steroids immedi-
ately after surgery or during rehabilitation raises concerns for in-
fection of the surgical site and may have adverse effects on the 
healing of the repaired tendon by inhibiting normal inflammato-
ry reactions. However, steroid-related infections or problems 
with tendon healing on short-term follow-up were not observed 
in some studies that examined the use of multiple drugs, includ-
ing subacromial steroid injection, for pain control immediately 
after surgery [10,25]. Shin et al. [26] administered subacromial 
steroid injection within 8 weeks of surgery on patients who com-
plain of severe pain that keep them awake at night and reported 
that the retear rate at the 6-month MRI did not significantly dif-
fer between the steroid group and control group. In our study, 
steroid injection was performed 4 or 6 weeks after surgery—a 
period after the normal inflammatory reaction subsides—to 
minimize any complications of the steroid. Furthermore, injec-
tions were guided by ultrasound for all patients to prevent intra-
tendinous and intramuscular injections and to minimize any 
damage on the repaired tendon. In addition, ropivacaine was 
chosen to administer with steroids for its relatively low cartilage 
toxicity and systemic complications [27]. In this study, we did not 
observe any complications of steroid injection, such as infection, 
and the steroid group did not significantly differ from the control 
group in the retear rate at the 6-month CT arthrogram or MRI 
after surgery. 

Shoulder joint stiffness after rotator cuff repair is known to be 
caused by an inflamed shoulder capsule, as is in primary frozen 
shoulder, and surgery-related soft tissue adhesion, with incidence 
ranging from 4.9%–59% depending on the period [4,6,28,29]. 
This is one of the most important determinants, in addition to 
postoperative pain, of patient satisfaction [30]. The causes of 
postoperative stiffness have been reported to encompass age, dia-
betes, size of tear, extent of fat deposition, preoperative stiffness, 
surgical technique, prolonged postoperative immobilization, and 
the patient’s rehabilitation compliance [1,6,7]. Chung et al. [4] 
suggested an association with stiffness and VAS score at the 

Table 3. Passive range of motion in both groups

Range of motion (°) Group A Group B p-value
Forward flexion
 Preoperative 154.2± 13.7 152.4± 12.4 0.466

3-Month follow-up 147.9± 19.2 138.9± 24.0 0.036*
6-Month follow-up 162.2± 13.5 160.6± 10.0 0.466
2-Year follow-up 166.1± 8.2 163.9± 8.1 0.154

External rotation
 Preoperative 57.2± 8.8 58.0± 9.8 0.670

3-Month follow-up 54.8± 11.8 51.0± 10.8 0.082
6-Month follow-up 58.1± 8.0 59.7± 7.8 0.285
2-Year follow-up 60.0± 6.7 60.6± 6.3 0.612

Internal rotation
 Preoperative 12.0± 2.7 11.4± 2.5 0.229

3-Month follow-up 11.8± 2.1 12.8± 1.8 0.006*
6-Month follow-up 10.4± 2.5 10.3± 2.4 0.864
2-Year follow-up 9.8± 2.2 10.1± 2.2 0.476

Values are presented as mean±standard deviation. Group A: sono-guid-
ed subacromial corticosteroid injection, Group B: control. Internal ro-
tation was determined by measuring the highest spinal segment that 
the patient could reach with his or her thumb. To facilitate statistical 
analyses, the spinal segment level was converted into continuous num-
bers; T1–T12 were represented by 1 through 12, L1–L5 were represent-
ed by 13 through 17, and the sacrum was represented by 18.
*Statistically significant association with 3-month follow-up forward
flexion and internal rotation (p<0.05).
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3-month postoperative follow-up. Shin et al. [26] reported that 
steroid injection during the rehabilitation period effectively re-
duced pain. However, they did not investigate whether pain relief 
is associated directly with recovery of ROM. Under the hypothe-
sis that postoperative pain would have adverse effects on rehabil-
itation and eventually lead to stiffness, we administered steroid 
injections—only to the patients who provided consent after 
learning about the side effects—to patients with pain greater than 
VAS 5 at postoperative week 4 or 6, when the shoulder abduction 
orthosis is removed and assisted passive ROM exercise is begun. 
At the time of injection, the steroid group had a higher VAS score 
than the control group, but not to a statistically significant de-
gree. At the 3-month follow-up, the steroid group had a lower 
VAS score and showed faster improvement of forward flexion 
and internal rotation in measurement of ROM. In this study, at 3 
months follow-up, the angle difference between the two groups 
was 9°, and the internal rotation was measured as the difference 
in spine 1 level. Although this is statistically significant, it is a 
place where errors can occur due to differences in actual mea-
surements since it is not a value that exceeds 20°, which is the 
minimal clinical difference in the literature. However, in group A, 
where postoperative pain was severe, there was a dramatic de-
crease in pain at follow-up 1.5 to 2 months after steroid injection. 
This is evidence to support the higher angle measurement at 3 
months after surgery. Such quick recovery of ROM may be at-
tributable not only to the direct effects of steroid injection in pri-
mary frozen shoulder, such as inhibition of synovial proliferation 
and fibrosis [8], but also to the indirect effects where reduced 
pain leads to compliance with rehabilitation. 

This study has a few limitations. First, the small population 
size, retrospective design, and non-randomization of the experi-
mental and control groups may induce bias when drawing infer-
ences regarding the direct causal relationship between steroid in-
jection and ROM recovery. Furthermore, the follow-up period 
was relatively short, hindering us from surveying the long-term 
effects of the steroid. Nevertheless, this study is meaningful as the 
first report to analyze the relationship between steroid injection 
during rehabilitation and ROM recovery during follow-up. 

This study demonstrated that ultrasound-guided subacromial 
steroid injection at 4 or 6 weeks after ARCR leads to quick pain 
reduction and ROM recovery until 3 months after surgery and 
that the steroid and control groups did not differ in retear rate at 
the 6-month follow-up. Therefore, subacromial steroid injection 
during the rehabilitation period after ARCR may be an effective 
and relatively safe method of facilitating rehabilitation. 
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Background: This study aimed to evaluate the response rate to arthroscopic release treatment in adhesive capsulitis of the shoulder (ACS) 
for patients with refractory to conservative treatment. 
Methods: In this retrospective study, 51 patients (age mean, 49.1±5.6 years) with unilateral adherent capsule underwent arthroscopic re-
leasing surgery for the shoulder capsule. Etiologies of the ACS in 30 patients were idiopathic: 10 patients were affected after surgery and 11 
patients following trauma. The patients were evaluated in terms of shoulder function, satisfaction rate, pain intensity, and joint range of 
motion (ROM) based on a Constant score, a Simple Shoulder Test, the visual analog scale, and four movements, respectively. 
Results: The mean Constant score before surgery was 48.2±3.5 and reached 74.4±6 and 77.0±6.3 at 6 months and the final follow-up, re-
spectively (p<0.001). The mean scores of pain intensity, a Simple Shoulder Test, and ROM showed significant improvement at all follow-ups 
(p<0.001). Sex, age, and diabetes did not have any significant effect on patient recovery. However, patients who experienced ACS after sur-
gery had poorer results than others at all follow-up points. 
Conclusions: Arthroscopic releasing surgery of the shoulder in patients with ACS refractory to conservative treatment produces rare com-
plications and an effective injury response. It seems that patients suffering ACS following surgery have a weaker response to the treatment. 

Keywords: Frozen shoulder; Adhesive capsulitis; Arthroscopy; Shoulder

INTRODUCTION 

Two to 5% of patients referred to orthopedic clinics suffer from 
adhesive capsulitis of the shoulder (ACS), also known as frozen 
shoulder [1,2]. In 1945, Neviaser initially proposed this term for 
chronic inflammation of the joint capsule with fibrosis and adhe-
sion leading to pain and limited range of motion (ROM) of the 
shoulder joint [3,4]. The dominant demographic characteristics 
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of this disease are 40–60-year-old women with or without any 
comorbidity (diabetes, thyroid disorders, or cardiovascular dis-
eases) [5,6]. The disease manifests itself in three consecutive 
phases: a freezing stage when there is a gradual increase in pain 
with nocturnal peaks and stiffness. Continuation of the disease 
process involves shoulder joint stiffness. The final thawing phase 
can last from a few weeks to several years and comprises gradual 
improvement in shoulder function and decrease in pain intensity 
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[7,8]. The time of the patient’s visit among these phases, the wide 
range of clinical symptoms, and various underlying factors have 
led to the suggestion of various treatments [1,9,10]. 

Most patients respond well to conservative treatments [11,12], 
and most orthopedists recommend such a procedure for at least 
6 months [5,6]. Manipulation under anesthesia is another option 
for orthopedists, but it can lead to iatrogenic fracture [13,14]. 
Open (more invasive) and arthroscopic surgeries have had satis-
factory results [5,6], although open surgical procedures involve 
more intraoperative bleeding and morbidity and possibly longer 
hospitalization than do arthroscopic procedures [15,16]. Howev-
er, arthroscopic techniques are not free of complications, with 
the possibility of iatrogenic damage to the axillary nerve and 
chondrolysis [17,18]. 

ACS is a multifactorial disease whose demographic character-
istics, etiology of disease onset (idiopathic, after surgery, and fol-
lowing trauma), and comorbidities can each affect the process 
and severity of the disease. It is unclear which of the above fac-
tors is most impactful in the onset and severity of the disease. 
The aim of this study was to evaluate the objective and subjective 
criteria and the response rate to arthroscopic release treatment in 
ACS patients refractory to conservative treatment. The second-
ary purpose was to investigate the effects of underlying factors of 
age, sex, comorbidities, and disease etiology on patient response 
rates. Our study hypothesized that, in patients with ACS, the ar-
throscopic release method leads to effective improvement in 
shoulder function and significant reduction in pain. 

METHODS 

The protocol for this study was approved by the Institutional Re-
view Board of Guilan University of Medical Sciences (IRB No. 
725). Owing to the retrospective design, the requirement for in-
formed consent was waived. All collection data forms were blind-
ed and without the patients names. 

In this retrospective study, all patients with unilateral stiffness 
of the shoulder refractory to conservative treatment (the second 
stage of the disease or the frozen stage) who underwent ar-
throscopic releasing surgery of the capsule from 2011 to 2016, 
were evaluated for eligibility. The inclusion criteria of the study 
were (1) normal findings on radiographic images of the shoulder 
joint; (2) pain during shoulder movement; (3) no improvement 
or progress after at least 6 months of nonsurgical, conservative 
treatment; (4) restriction in forward flexion to less than 100° and 
reduction of external and internal rotation to less than 50% of the 
normal limit [19,20]; and (5) patient follow-up for at least 2 years. 
The patients with evidence of degenerative changes in the shoul-

der joint (glenohumeral arthritis) or rotator-cuff tear and pa-
tients with uncontrolled diabetes (based on laboratory tests) were 
excluded. All patients underwent magnetic resonance imaging 
(MRI) to rule out other shoulder joint pathologies, and all un-
derwent nonsurgical treatment for at least 6 months. Nonsurgical 
treatment included administration of analgesics and oral cortico-
steroids, intra-articular corticosteroid injections, and shoulder 
physiotherapy. 

Surgical Method 
All surgeries were performed by the first author of the study. For 
surgery, the patient was placed in a beach-chair position, and the 
patient’s limb was stretched longitudinally with a weight of 2 kg. 
Using standard anterior and posterior portals, the rotator interval 
areas were released. Then, the middle glenohumeral ligament 
was released, and the anterior capsule was released from the bi-
ceps muscle origin. The subscapularis tendon was released from 
the anterior capsule. The release of the lower capsule was extend-
ed to the six o’clock position, and posterior capsular release was 
performed. During arthroscopy, the subacromial bursa was eval-
uated for the presence or absence of subacromial bursitis, and if 
necessary, a bursectomy or acromioplasty was performed. Then, 
gentle manipulation of the shoulder joint was performed, and the 
shoulder joint ROM was evaluated.  

Rehabilitation and Postoperative Evaluations 
Initially, basic information such as demographic characteristics 
(age and sex), diabetes, and disease etiology (idiopathic, after 
surgery, or following trauma) was recorded from the patient’s 
files. The patients were hospitalized for 24 hours, and physiother-
apy was initiated including passive movements of the shoulder 
joint. After being discharged, the patients were asked to continue 
their physiotherapy and begin daily activities. The patients were 
followed for 6 months after operation for shoulder functional 
status (based on Constant score [CS]), satisfaction rate (based on 
Simple Shoulder Test [SST]), pain intensity based on the visual 
analog scale (VAS), and joint ROM (in forward flexion, abduc-
tion, internal rotation, and external rotation in comparison with 
the normal amount in the opposite shoulder). The values of joint 
ROM were expressed as percentage in comparison with the con-
tralateral shoulder. In the final follow-up, the patients were re-
called and re-evaluated for these measures. 

Statistical Analysis 
Demographic characteristics and other research variables were an-
alyzed using IBM SPSS ver. 19 (IBM Corp., Armonk, NY, USA). 
All data were analyzed statistically using the general linear model 
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and repeated measure test. Significance was noted at p-value of 
0.05 in all tests. 

RESULTS 

A total of 73 patients was included in the study, of which 15 were 
lost to follow-up, and seven were excluded because of glenohumeral 
arthritis found on MRI. The mean age and follow-up period of the 
51 eligible patients who completed all follow-up sessions (before 
surgery, 6 months after surgery, and final visit) were 49.1±5.6 years 
and 49.3 ±13.6 months, respectively. Table 1 shows other demo-
graphic information of the patients. Table 2 shows the etiology of 
ACS by age, sex, and diabetes. 

In general, all outcome scores (VAS, CS, SST, and ROM) im-
proved over time. The passage of time was an effective factor in 
improving outcomes (Table 3); also, there was no statistically sig-
nificant difference between the outcome scores over these time 
periods (before surgery, 6 months after surgery, and the final vis-
it) based on sex, age, or diabetes (p > 0.05). 

We divided patients into three etiological groups of idiopathic, 
after surgery, and following trauma. The results showed that the out-
come scores improved over time based on etiology (Ptime <0.05).  
In addition, the group effect was significant (Pgroup <0.05), as was 
the group-by-time interaction effect. The variations between 
groups differed by visit (Pint.time×group <0.05). The results of the post 
hoc test performed with the Tukey method showed that, before 
surgery, only the SST level in the after-surgery group was lower 
than that of the idiopathic group (p<0.05). At 6 months after sur-
gery, the levels of VAS, CS, and SST were poorer in the after-sur-
gery group than in the other groups (p<0.05). Also, in the ROM 
examination at this time, only forward flexion and internal and ex-
ternal rotation in the after-surgery group were significantly smaller 

Table 1. Demographic characteristics of patients

Variable Value
Age (yr) 49.2± 5.6
 < 50 30 (58.8)
 ≥ 50 21 (41.2)
Sex
 Male 32 (62.7)
 Female 19 (37.3)
Etiology
 Idiopathic 30 (58.8)

after surgery 10 (19.6)
after trauma 11 (21.6)

Diabetes
 Yes 23 (45.1)
 No 28 (54.9)
Side of the conflict
 Right 24 (47.1)
 Left 27 (52.9)
Dominant hand
 Right 45 (88.2)
 Left 6 (11.8)
Values are presented as mean±standard deviation or number (%).

Table 2. Etiology of ACS by age, sex, and diabetes

Variable Idiopathic After surgery Following trauma
Age (yr) 50.1± 1.01 50.6± 1.7 45.4± 1.4
Diabetes
 Yes 21 (70) 1 (10) 1 (9.1)
 No 9 (30) 9 (90) 10 (90.9)
Sex
 Male 19 (63.3) 6 (60) 7 (63.6)
 Female 11 (36.7) 4 (40) 4 (36.4)
Values are presented as mean±standard deviation or number (%).
ACS: adhesive capsulitis of the shoulder.

Table 3. Functional outcomes

Variable Before 6-Month follow-up Final follow-up p-value
Pain
 VAS 7.4± 0.5 2.6± 0.8 2± 0.8 < 0.001
Shoulder function
 CS 48.2± 3.5 74.4± 6.0 77.0± 6.3 < 0.001
Satisfaction
 SST 3.1± 0.9 7.5± 1.0 9.4± 1.6 < 0.001
Range of motion (%)

Forward flexion 25.9± 5.4 66.5± 7.3 76.8± 8.7 < 0.001
 Abduction 26.1± 5.5 67.0± 7.6 78.2± 8.3 < 0.001

Internal rotation 25.7± 5.2 67.9± 6.8 78.8± 8.9 < 0.001
External rotation 25.8± 5.4 67.2± 7.1 78.9± 9.0 < 0.001

Values are presented as mean±standard deviation.
VAS: visual analogue scale, CS: Constant score, SST: Simple Shoulder Test.
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than those of the idiopathic group (p<0.05). At the final follow-up, 
the outcome scores in the after-surgery group were poorer than in 
the other two groups (p <0.05). The outcome scores of the idio-
pathic group and following trauma group were not significantly 
different at any time point (p>0.05) (Table 4). 

DISCUSSION 

This study showed that patients, regardless of underlying factors, 
had significant improvements in pain, functional scores (CS and 
SST scores), and ROM in the short-term (6 months) and final (at 
least 2 years) follow-up after treatment. Also, Jerosch et al. [21] and 
Ranalletta et al. [22] achieved good results after arthroscopic re-
lease in patients with ACS. The CS in our study improved from 
48.2 to 74.4 and 77.02 at 6 months and the final follow-up, respec-
tively; these scores improved from 41 to 83 in the Jerosch et al.’s 

study [21] and from 42 to 86 in the Ranalletta et al.’s study [22].
The response to treatment and patient satisfaction rate (SST 

score) indicated successful surgery. The SST score increased from 
3.1 to 7.5 at the 6-month follow-up and to 9.4 at the final fol-
low-up. Segmüller et al. [23] in a 13.5-month follow-up and Le 
Lievre and Murrell [24] in a 7-year follow-up assessed patient 
satisfaction rate, noting good to excellent satisfaction in 88% and 
85% of patients, respectively.  

From an anatomopathological point of view, the most important 
feature of the disease is the presence of scars in the rotator interval 
involving the supra glenohumeral and coracohumeral ligaments 
[25]. In the present study, rotator interval release and subsequent 
global capsular release improved ROM in the shoulder joint. Co-
hen et al. [26] and Berghs et al. [27] achieved similar results. 

There is a debate in the literature about the rate of arthroscopic 
release. Some consider release of the coracohumeral ligament and 

Table 4. Functional outcomes in different by time periods according to different and etiologies

Functional outcome Etiology Before 6-Month 
follow-up

Final
follow-up p-value

Pain VAS Idiopathic 7.5± 0.1 2.4± 0.1 1.8± 0.1 < 0.001
After surgery 7.5± 0.2 3.5± 0.2 2.8± 0.2 < 0.001
Following trauma 7.2± 0.2 2.4± 0.2 1.7± 0.2 < 0.001
p-value Ptime < 0.001, Pgroup = 0.001, Pint.time× group = 0.006

Shoulder function CS Idiopathic 47.9± 3.3 76± 4.9 78.9± 5.2 < 0.001
After surgery 47.8± 4.2 66.4± 2.8 68.6± 2.7 < 0.001
Following trauma 49.2± 3.5 77.4± 4.7 79.5± 5.3 < 0.001
p-value Ptime < 0.001, Pgroup < 0.001, Pint.time× group < 0.001

Satisfaction SST Idiopathic 2.8± 0.9 7.7± 0.9 9.8± 1.5 < 0.001
After surgery 3.7± 0.5 6.4± 0.5 7.9± 1.2 < 0.001
Following trauma 3.1± 0.9 8± 0.9 9.7± 1.3 < 0.001
p-value Ptime < 0.001, Pgroup = 0.006, Pint.time× group < 0.001

Range of motion (%) Forward flexion Idiopathic 24.7± 5.2 69.5± 6.9 79.7± 7.1 < 0.001
After surgery 28± 4.2 59.5± 5.5 66.5± 5.3 < 0.001
Following trauma 27.3± 6.1 64.5± 4.2 78.2± 8.4 < 0.001
p-value Ptime < 0.001, Pgroup < 0.001, Pint.time× group < 0.001

Abduction Idiopathic 25.5± 4.9 68.8± 8.9 81± 6.9 < 0.001
After surgery 28.5± 5.3 63.5± 3.4 69.5± 4.4 < 0.001
Following trauma 24.5± 6.9 65.5± 4.7 78.6± 9.5 < 0.001
p-value Ptime < 0.001, Pgroup = 0.022, Pint.time× group = 0.001

Internal rotation Idiopathic 24.5± 4.4 70± 7.2 82± 6.9 < 0.001
After surgery 28.5± 5.3 63± 4.2 68.5± 4.1 < 0.001
Following trauma 26.4± 6.4 66.8± 5.1 79.5± 10.1 < 0.001
p-value Ptime < 0.001, Pgroup = 0.005, Pint.time× group < 0.001

External rotation Idiopathic 24.5± 4.4 69.5± 7.6 82.2± 7.7 < 0.001
After surgery 28± 5.9 62.5± 5.4 69± 5.2 < 0.001
Following trauma 27.3± 6.8 65.4± 4.7 79.1± 8.9 < 0.001
p-value Ptime < 0.001, Pgroup = 0.006, Pint.time× group < 0.001

Values are presented as mean±standard deviation.
VAS: visual analogue scale, CS: Constant score, SST: Simple Shoulder Test, int: interaction.

175https://doi.org/10.5397/cise.2021.00311

Clin Shoulder Elbow 2021;24(3):172-177



the rotator interval to be sufficient [28], whereas some surgeons 
support the release of other joint structures such as the inferior and 
posterior capsules or advocate global capsular release [29]. In this 
study, we first released the interval rotator, followed by that of ex-
isting contracted remnants in the anterior and/or the posterior 
area if needed. However, Ranalletta et al. [22] released only the an-
teroinferior portion of the capsule and obtained suitable therapeu-
tic results. In future prospective studies that measure patient lim-
itations in various shoulder movements, it might be possible to es-
timate the desired extent of capsular release before surgery. The 
potential complications of this surgical procedure include infec-
tion, iatrogenic injuries causing chondral lesions, and axillary 
nerve damage, none of which were found in our study. 

In this study, we also examined the impact of underlying fac-
tors of sex, diabetes, and etiology of the disease on the recovery 
rate, functional outcome, and ROM improvement. Sex did not 
affect patient response to treatment, and women showed equal 
improvement in performance and ROM to men. To our knowl-
edge, no study has found these factors to affect the effectiveness 
of arthroscopic treatment in patients with ACS. In a study that 
also examined the underlying factors in manipulative treatment 
under anesthesia, Theodorides et al. [30] found that the func-
tional scores of women improved more than those of men. How-
ever, their study did not note the etiological cause of ACS. We di-
vided patients into three etiological groups of idiopathic, after 
surgery, and following trauma. In patients with idiopathic under-
lying cause and in patients with trauma etiology, pain and func-
tion scores (CS and SST) improved significantly and more effec-
tively than for the group of post-surgery patients. Also, the ROM 
in patients who had ACS because of a previous shoulder surgery 
showed weaker recovery than that in the other two groups. These 
differences might be attributed to the manipulations following 
the previous surgery that triggered inflammatory cascades and 
arthritic processes in that area. Because the shoulder joint does 
not have high blood supply like other ball and socket joints, pa-
tient healing might have been delayed even after the joint was re-
leased. Another reason for the differences in group outcomes 
could be the formation of adhesion bands in several areas of the 
shoulder joint complex. 

One of the strengths of our study was the careful selection of 
patients with no structural problems. Also, because different 
people have different ROMs and joint strength, we compared 
each involved shoulder with the contralateral one of the same in-
dividual. Another strength of this study is the use of subjective 
scores for the shoulder using the CS and SST questionnaires 
along with objective scores. Some studies consider only pa-
tient-reported criteria and subject the study to subjective/objec-

tive bias. Another advantage of our study was the performance of 
all surgeries by the same expert surgeon with 8 years of experi-
ence in arthroscopic shoulder surgery to avoid the bias of multi-
ple surgeons and the differences in degree of expertise. However, 
performance by a single surgeon limits the generalizability of the 
study. In addition, the small sample size, lack of a control group, 
and retrospective nature of the study are weaknesses. 

In patients with ACS refractory to conservative treatment, ar-
throscopic releasing surgery of the shoulder involves rare com-
plications and effective response in terms of pain relief and in-
creased function and in the appropriate increase of shoulder 
ROM. The surgeon should be aware that patients with adhesive 
capsulitis following a previous surgery might have a weaker re-
sponse to treatment compared with that of those with idiopathic 
or injury etiology. 
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A 50-year-old woman who had been previously diagnosed with systemic lupus erythematosus consulted our clinic for pain and weakness 
in her right shoulder. On examination, she had an atrophied deltoid muscle, a painful right shoulder on movement, and a tender mass in 
the deltoid area. The patient was diagnosed with corticosteroid-induced deltoid myopathy, shoulder pain, and loss of range of motion that 
did not resolve with conservative treatment. We decided to perform reverse shoulder arthroplasty. No complications were observed at the 
last follow-up visit at 3 years postoperative. Unlike deltoid insufficiency that results from axillary nerve injury, deltoid myopathy due to cor-
ticosteroid use contains intact fibers,. Therefore, we increased the effectivity of the remaining deltoid fibers by extending the moment arm 
of the anterior fibers using reverse shoulder arthroplasty and achieved reliable improvements in clinical symptoms and function without 
increasing the risk of dislocation. 

Keywords: Reverse shoulder arthroplasty; Myopathy; Systemic lupus erythematosus; Deltoid insufficiency  

Myopathy is loss of contractile function in muscles that results in 
weakness. Myopathies primarily cause defects within the muscle 
tissue and are distinct from neuromuscular junction diseases and 
neuropathic causes of muscle weakness [1]. The etiology of my-
opathy varies widely and includes inflammatory, congenital, in-
fectious, and metabolic diseases; endocrine disorders; nutritional 
deficiencies; and drug-induced or toxic causes [2]. 

The most common type of drug-induced myopathy is cortico-
steroid-induced myopathy [3]. Patients with corticosteroid-in-
duced myopathy typically present with a gradual onset of proxi-
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mal muscle weakness, followed by atrophy of proximal muscle 
groups. We report a case of corticosteroid-induced deltoid myop-
athy in a patient previously diagnosed with systemic lupus ery-
thematosus (SLE) who complained of shoulder pain and immo-
bility; she was treated with reverse shoulder arthroplasty (RSA).  
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This study was approved by the Academic Board of Istanbul Uni-
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dics and Traumatology (IRB No. 06.04.2020-4/2020). Informed 
consent was acquired from the patient prior to publieIcation of 
this case report.

A 50-year-old woman was admitted to the rheumatology clinic 
with a malar rash, multiple joint pain, and muscle weakness that 
began in 2015. She had no other chronic or acute comorbidities. 
Laboratory tests revealed a C-reactive protein level of 18 mg/L 
(reference range, 0–5 mg/L), an erythrocyte sedimentation rate 
of 24 mm/hr (reference range, 0–20), and a white blood cell 
count of 6,460/µL (normal range, 4,100–11,200/µL). The patient 
was diagnosed with SLE and treated with 25 mg of Deltacortril 
(prednisolone) once a day and Plaquenil (hydroxychloroquine) 
once a day.  

During the follow-up period in the rheumatology department 
in 2016, the patient reported pain and weakness in her right 
shoulder and consulted our department. Notably, she had not 
undergone any previous shoulder surgery. She was examined by 
a senior shoulder-and-elbow surgeon. Upon examination, she 
had an atrophied deltoid muscle, a painful right shoulder on 
movement, and a tender mass in the deltoid area (Fig. 1). A 
shoulder range of motion examination revealed active forward 
flexion of 70°, abduction of 50°, internal rotation to the sacrum, 
and external rotation of 10°. The American Shoulder and Elbow 
Surgeons (ASES) score was 21.6 of 100, and the Constant score 
was 25 of 100 at preoperative evaluation. Neurological examina-
tion showed normal findings, except for slightly weak abduction 
and flexion in the right shoulder. The blood test results were as 
follows: erythrocyte sedimentation rate, 35 mm/hr; C-reactive 
protein, 17 mg/L; and white blood cell count, 12,100/µL. For a 
thorough evaluation, radiography and magnetic resonance imag-
ing (MRI) were performed. The MRI revealed substantial atro-

phy at all of the middle deltoid and most of the posterior deltoid 
of the right shoulder (Figs. 2 and 3). The anterior fibers of the 
deltoid were intact. The subscapularis and supraspinatus tendons 
were retracted to the medial area of the glenoid. Stage 3–4 fatty 
infiltration was detected in the subscapularis and supraspinatus 
according to the Goutallier classification [4]. Grade 2 cuff tear 
arthropathy was detected upon radiographic evaluation accord-
ing to the Hamada classification [5]. 

The patient was referred to an electrodiagnostic laboratory to 
evaluate right shoulder weakness and atrophy; the findings were 
normal. However, concentric needle electromyography revealed 
short-term and polyphasic motor unit potentials in the muscu-
lus deltoideus upon examination with a concentric needle. Con-
sequently, the patient was diagnosed with corticosteroid-in-
duced deltoid myopathy, and a conservative treatment approach 

Fig. 1. The atrophied deltoid muscle was seen upon visual shoulder 
inspection.

Fig. 2. (A) Preoperative anteroposterior radiograph of the patient. 
(B) Preoperative axillary radiographs of the patient.

Fig. 3. Magnetic resonance imaging revealed substantial atrophy at 
all of the middle deltoid and most of the posterior deltoid region of 
the right shoulder. The anterior fibers of the deltoid were found to be 
intact. The subscapularis and supraspinatus tendons were retracted 
up to the medial area of the glenoid. Stage 3–4 fatty infiltration was 
detected in the subscapularis and supraspinatus according to the 
Goutallier classification.
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was chosen. She was followed for 6 months with symptomatic 
and physical therapy. However, the complaint was not resolved, 
and RSA was planned. Deltoid myopathy due to corticosteroid 
use exhibits intact fibers, unlike deltoid insufficiency due to ax-
illary nerve injury. Therefore, RSA increased the effectivity of 
the deltoid fibers by extending the moment arm of the anterior 
fibers. 

Surgical Technique 
A standard deltopectoral approach was used. The long head of 
the biceps was identified beneath the pectoralis major tendon 
and incised close to its proximal insertion after rotator interval 
opening. Similar to MRI findings, we observed atrophic middle 
and posterior deltoid fibers, and the anterior fibers were intact. 
In addition, the supraspinatus and subscapularis muscles were 
retracted. The medullary cavity was located and reamed, and the 
head was resected (Fig. 4). Thereafter, the glenoid articular sur-
face was exposed, and the labrum was removed. Lateralized RSA 
(Biomet Comprehensive Shoulder System; Zimmer, Warsaw, IN, 
USA) was performed. After reaming, a baseplate was implanted 
with a 15° inferior tilt and fixed with one central screw, one infe-
rior screw, and one superior screw, followed by implantation of a 
36-mm glenosphere. Next, a size-11 uncemented humeral stem 

was implanted with 20° retroversion after reaming of the shaft. 
We then checked the range of motion and stability, and the sub-
scapularis tendon was reattached. Soft-tissue tenodesis was per-
formed using the biceps tendon, which was previously incised. 
Finally, a sling with 15° abduction and neutral rotation was ap-
plied, and we performed a postoperative X-ray series (Fig. 5). 

Postoperative Rehabilitation 
The sling was maintained for the first 6 weeks postoperatively; 
however, both active and passive range of motion were permitted 
from the third postoperative day as long as pain allowed. At 12 
weeks following surgery, strengthening exercises were intro-
duced.  

Follow-up  
The patient showed no evidence of infection, fracture, or disloca-
tion at any of the postoperative visits. No complications were ob-
served at the last follow-up visit at three years postoperative. 
Moreover, the patient’s active forward flexion was 160°, abduc-
tion was 150°, internal rotation was toward the upper lumbar 
spine, and external rotation was 30°. The shoulder range of mo-
tion increased significantly compared to the preoperative condi-
tion. The anterior deltoid fibers were intact at the final visit. The 

Fig. 4. Although the humeral head was healthy, the rotator cuff and 
deltoid muscles were torn and demonstrated insufficiency.

Fig. 5. Postoperative anteroposterior shoulder radiographs of the pa-
tient.
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patient was satisfied, and her ASES score was 88.3 of 100, while 
the Constant score was 83 of 100. 

DISCUSSION 

This case study provides a unique scenario wherein RSA was used 
to treat successfully shoulder pain in a patient with long-standing 
complete deltoid insufficiency due to corticosteroid intake. We 
propose that deltoid insufficiency is related to as opposed to an 
absolute contraindication to RSA in a select patient population. In 
previous reports, patients with partial deltoid function had 
demonstrated favorable RSA outcomes [6-10]. To our knowledge, 
this case report is the first to present the ability of RSA to treat 
practically complete deltoid insufficiency (especially in the middle 
deltoid and posterior deltoid fibers) due to corticosteroid usage in 
a patient with SLE. 

For patients with deltoid insufficiency, two operative proce-
dures (either with or without muscle flap reconstruction) are 
available when performing RSA [4-7]. Lädermann et al. [6] re-
ported 49 patients with deltoid impairment who were treated 
with RSA and followed for a mean of 38 months. They did not 
perform muscle flap reconstruction and observed nine postoper-
ative complications (18%), including two dislocations. They re-
ported Constant score improvement from 24 to 58, Single As-
sessment Numeric Evaluation score of 71, and patient satisfaction 
rate of 98% during the final follow-up. Meanwhile, Schneeberger 
et al. [7] reported 19 patients with RSA who experienced unsatis-
factory results following deltoid flap reconstruction because of 
deltoid muscle defects. In that study, 15 of 19 patients were not 
satisfied with the revision outcome, and 4 patients were satisfied. 
The mean overall subjective shoulder value was 73% (30%–95%) 
of the normal value. 

An alternative procedure uses a latissimus dorsi flap, which is 
recommended for patients with deltoid deficiency who are treat-
ed with RSA [8-10]. Dosari et al. [8] reported a 51-year-old male 
patient with a history of gunshot injury to the left shoulder that 
led to loss of shoulder bony and muscular structures. In that case, 
the patient was treated with a latissimus dorsi muscle flap be-
cause of the deltoid muscle deficiency, followed by RSA. Essilfie 
et al. [10] and Goel et al. [9] each reported a case where a latissi-
mus dorsi muscle flap was used to treat deltoid muscle deficiency 
[8]. An RSA procedure after latissimus dorsi flap in patients with 
deltoid deficiency can be a successful and reproducible approach 
to treat such conditions. 

In our patient, the shoulder center of rotation was mediatized, 
and the deltoid remained tensioned for RSA stability and motion. 
However, cases of RSA used for treating deltoid insufficiency are 

limited. Our case report suggests that RSA can be used to treat 
deltoid myopathy and can produce reliable improvements in 
clinical manifestations and functions without an increased risk of 
dislocation. The difference between this case report and other 
deltoid insufficiency patients treated with RSA for extending the 
moment arm of the anterior deltoid fibers was that our patient’s 
deltoid insufficiency was not secondary to surgery but resulted 
from corticosteroid use, and the patient expected to continue us-
ing these medications postoperatively. 
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Elbow fracture-dislocations are complex injuries in which both 
bone structure and soft tissue are damaged. These complex inju-
ries can lead to functional disability because of persistent pain, 
residual instability, or stiffness. For these reasons, fracture-dislo-
cations remain a challenge for orthopedic surgeons. Because the 
elbow is a superficial joint, high-energy trauma usually leads to 
comminuted fractures with articular disruption, soft tissue dam-
age, and neurovascular injuries. Bone loss can sometimes occur, 
especially in older people. Thus, proper joint surface restoration 

We report a case of a 69-year-old right-dominant man who had an open Monteggia-like lesion of the right elbow (Gustilo-Andersen IIIA) 
with severe proximal ulna bone loss associated with an ipsilateral ulnar shaft fracture due to a motorcycle accident. The patient underwent 
two-stage surgery. Wound debridement and bridging external fixation were performed at first. Three months later, a frozen massive osteo-
chondral ulnar allograft was implanted and fixed with a locking compression plate. A superficial wound infection appeared 5 weeks after 
the second surgery. Superficial wound debridement, negative pressure therapy, and antibiotics were administered for 3 months, achieving 
infection healing. At 3 years post-surgery, the elbow range of motion was satisfactory with a Disabilities of the Arm, Shoulder and Hand 
(DASH) score of 16.7. Radiographs and computed tomography scans showed good allograft-bone integration without allograft reabsorp-
tion or hardware loosening. Although not complication-free, massive ulna osteochondral allograft implantation can be considered a valid 
option in cases of open Monteggia-like lesions associated with ulnar shaft fracture and severe bone loss in active patients, whenever osteo-
synthesis or joint replacement is not a proper solution. This type of bone stock restoration allows for future surgery, if needed. 

Keywords: Elbow; Fracture dislocation; Monteggia’s fracture; Allografts  
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or stable fixation can be quite difficult to achieve using locking 
compression plates (LCPs). In such cases, joint replacement may 
be an option, always bearing in mind its high risk of complica-
tions, ranging from 11% to 45%, especially in younger and active 
patients [1]. 

In cases of articular and multifragmented fracture associated 
with severe proximal ulna bone loss, massive bone allograft is 
another option to restore bone stock and to preserve joint func-
tion. Its use has been largely described with good results regard-
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ing limb-sparing tumor resection, joint revision surgery, and in-
fections [2]. Open elbow fracture-dislocations associated with 
severe bone loss are uncommon and rarely described. In this pa-
per, we report the use of an ulna frozen massive allograft for an 
open Monteggia-like lesion with severe proximal ulna bone loss, 
associated with an ipsilateral ulnar shaft fracture, in an active pa-
tient.  

CASE REPORT 

This study was approved by the Institutional Review Board of 
Surgical Department ASUGI (IRB No. 0539-1256). The subject 
in this case signed an informed consent approving the discussion 
of his medical history in the present manuscript. 

A 69-year-old man was admitted to our department after a 
high-speed motorcycle accident. The patient presented with large 
soft tissue damage in his right elbow with bone exposure (Fig. 
1A); neither neurovascular deficits nor any other injuries were 
noted. He had no other comorbidities. He underwent elbow 
X-rays that showed a Monteggia-like lesion with a multifrag-
mented articular fracture of the proximal ulna with severe bone 
loss and an ipsilateral oblique fracture of the distal third of the 
ulnar shaft (Fig. 1B and C). This injury was classified as Gusti-
lo-Anderson type IIIA. 

We planned a two-stage strategy for the complex open injury. 
The patient was immediately prepared for the first surgery. Un-
der general anesthesia, wound irrigation with saline and iodine 
solutions was performed, followed by surgical debridement and 
fracture-dislocation reduction and fixation using a bridging ex-
ternal fixator, according to damage control principles. Minimal 
fixation of the distal ulnar fracture fragments using an intramed-
ullary K-wire and further stabilization of the radial head with a 
K-wire were performed to achieve acceptable forearm alignment 

(Fig. 2). The lateral ulnar collateral ligament (LUCL), radial col-
lateral ligament (RCL), annular ligament, and medial collateral 
ligament (MCL) were completely torn and were repaired with 
simple sutures. The wound was closed without suture tension. 
Systemic antibiotic prophylaxis with amoxicillin/clavulanic acid 
and clindamycin was undertaken for 7 days, according to our 
hospital protocol with regards to open fractures. 

Complete blood count formula, renal function, erythrocyte 
sedimentation rate (ESR), and C-reactive protein (CRP) were 
monitored weekly with a rapid decrease of the inflammation 
markers at 3 weeks post-surgery. Considering the high risk of in-
fection in this complicated injury, and after a brief consultation 
with the infectious disease specialist, we continued oral amoxicil-
lin/clavulanic acid (1.0 g four times a day) for a total of 12 weeks. 
Inflammation markers normalized in 8 weeks, and soft tissue 

B CA

Fig. 1. (A) Open fracture and soft tissue damage classified as Gustilo-Andersen IIIA at patient arrival in the emergency department. (B, C) 
Preoperative radiographic control.

Fig. 2. (A, B) Radiographic control after damage control surgery 
with spanning external fixation and intramedullary K-wires.

B
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condition improved such that a definitive surgical intervention 
could finally be planned at 3 months. During this time, the distal 
ulna fracture showed almost complete healing; however, non-
union of the residual proximal ulna was observed at 12 weeks 
follow-up. Given the comminuted fracture, the articular surface 
disruption, and the entity of the articular bone loss, we planned 
to use a massive ulna allograft fixed by plate and screws. We used 
an allogenic frozen proximal ulna from the Bone Bank per the 
international standard ISO 9001:2008 and under the European 
Guidelines of Tissue and Bone Banks. 

The patient underwent the second surgery after 3 months un-
der general anesthesia after having signed an informed consent. 
The external fixator was removed. We performed a posterior ap-
proach to the olecranon and the ulnar nerve was identified and 
preserved during the procedure. The triceps tendon was released 
from the residual fragments of the olecranon, exposing the prox-
imal part of the forearm. We aspired to preserve the MCL, the 
LUCL, and their humeral attachments. The RCL, previously re-
paired during the first surgery, was tight; therefore, we did not 
perform any further procedure on the RCL. A synostosis be-
tween the proximal radius and the ulna was identified and thus 
removed via an ulna osteotomy was performed 8 cm from the tip 
of the olecranon, removing the proximal part of the ulna and the 
residual fragments. The ulnar allograft was prepared preserving 
the donor triceps tendon insertion, was implanted in the patient’s 
elbow, and fixed with an eight-hole 2.7/3.5 LCP plate (DePuy 
Synthes, Warsaw, IN, USA). The novel ulnar-humeral joint was 
reduced and stabilized by two K-wires. The triceps tendon was 
then reattached on its insertion using a 5-mm titanium suture 
anchor (Healix, Mitek; DePuy, Warsaw, IN, USA) according to a 
modified Krackow suture technique and using the preserved do-
nor triceps tendon to increase stability of the construct. The 
MCL, the LUCL, and the residual capsule were reattached to the 
graft using trans-osseous sutures. Good articular congruity was 
achieved. The wound was closed using a standard approach and 
a simple brace was used for 4 weeks. Postoperative standard ra-
diographs of the elbow showed good positioning of the LCP plate 
with sufficient compression of the docking site and restoration of 
ulna-humeral joint congruity (Fig. 3). 

The two K-wires were removed 5 weeks after surgery to start 
rehabilitation. Ten days after removal, a posterior wound dehis-
cence with siero-hematic effusion appeared. Although no infec-
tious agents were identified, levofloxacin 500 mg twice a day and 
rifampicin 600 mg were administered for 12 weeks, after a brief 
consultation with the infectious disease specialist. In addition, 
superficial wound debridement was conducted. V.A.C. (Vacuum 
Assisted Closure, Acelity; KCI, St. Paul, MN, USA) negative pres-

sure wound therapy was applied for 3 weeks, as well as PICO 
(Smith & Nephew, Watford, UK) negative pressure wound thera-
py for an additional 7-week period, achieving complete skin clo-
sure. CRP and ESR levels were found to be in range at 8 weeks 
and the antibiotic therapy was well-tolerated by the patient 
during the entire treatment period. 

The patient was assessed 3 years after the second surgery. At 
examination, the soft tissues looked normal and the range of mo-
tion of his elbow was 110° of flexion, 30° of extension, 10° of su-
pination, and 0° of pronation and the patient had already re-
turned to his normal daily activities with limitation concerning 
weightlifting of heavy objects and some residual pain after work 
activities (Fig. 4). No pain was present at rest or during any flex-
ion/extension movement related to simple daily activities. The 
Disabilities of the Arm, Shoulder and Hand (DASH) score was 
16.7. There was no medial instability. Mild discomfort and ap-
prehension during the lateral pivot-shift test and posterolateral 
rotatory drawer test suggested mild posterolateral rotatory insta-
bility. Radiographs at 3 years showed good allograft osteointegra-
tion without any signs of bone reabsorption on the docking point 
or hardware loosening or severe osteoarthritis of the radial-hu-
meral joint with partial lateral humeral condyle reabsorption 
(Fig. 5A and B). Computed tomography (CT) scans confirmed 
the radiographic findings and good creeping substitution at the 
docking site (Fig. 5C). 

DISCUSSION 

Elbow fracture-dislocations can lead to osteoarthritic changes, 
articular stiffness, and recurrent instability. These injuries are 
typically addressed with compressive and locking plates, regard-
less of whether associated with capsular-ligament repair or re-
construction. When the fracture is comminuted, and the articu-
lar surface is severely impaired, joint restoration becomes diffi-

A B

Fig. 3. (A, B) Radiographic control after definitive surgery and open 
reduction and internal fixation with the massive ulna allograft.
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cult to achieve and soft tissue biology is often compromised. In 
such cases, open reduction and internal fixation is not always 
possible, and is often associated with high risk of hardware fail-
ure and patient functional insufficiency. 

As in other articular injuries, joint replacement can be used. 
Several authors reported good clinical and radiographic results 
in total elbow arthroplasty in AO type C distal humeral fractures 
in elderly patients with osteoporotic bone [3]. Barco et al. [4] re-
ported a survivor rate of 85% at 5 years and 76% at 10 years fol-
low-up in rheumatoid geriatric patients treated with primary to-
tal elbow replacement for distal humeral fractures. However, 
when this survivor rate is compared to hip and knee replacement, 

survivor rate is undoubtedly lower; in fact, the complication rate 
for total elbow replacement is higher in comparison to other 
joint arthroplasties. Complications are also more frequent in 
young, obese, and smoking patients, and that functional recovery 
is better in rheumatic elbows than in the fractured ones [5]. 

In our 69-year-old patient, an elbow mega prosthesis should 
have been used due to the large ulnar bone defect. Even though 
Capanna et al. [6] described good results in 31 oncological pa-
tients when such technique was used, an elbow mega prosthesis 
was not a suitable option for our patient. In this case, the patient 
would have a high risk of implant loosening related to the poor 
ulnar bone stock and to his high functional request, considering 
that the injured arm was his dominant one, and he would have 
been at high risk of infection due to the previous severe soft tis-
sue damage. Therefore, we decided to use a massive osteochon-
dral allograft considering the proximal ulna bone loss and the 
need to provide the best functional restoration, as is typically re-
quired for active patients. Even if the elbow is an infrequent site 
for tumor and metastasis, the use of massive bone allograft for 
limb-sparing tumor resection is widely described in the literature 
[7], especially for hip and knee surgery. The main advantage for a 
massive allograft is the possibility to totally restore the bone stock 
while maintaining joint function. In our opinion, this approach 
should safely be considered in active patients. 

Preoperative planning is fundamental. In fact, a mismatch be-
tween the articular portion of the allograft and the host trochlea 
can bring elbow instability and cartilage wear, because of the al-
tered mechanical stress on the joint surface. Preoperative CT 
scans and contralateral elbow radiographs helped in measuring 
the trochlea size and finding a suitable ulnar allograft. Allograft 
storage protocol is also important to ensure good cell biology and 

A B

Fig. 4. (A, B) Clinical assessment of the patient at 3 years after surgery with satisfactory clinical outcome.

A

C B

Fig. 5. (A, B) Radiographic control at 3 years shows good articular 
congruence, healing of the docking point, and advanced arthritic de-
generation on the humeral-radial site. (C) Computed tomography 
scan at 3 years confirms healing between the ulna and allograft at the 
docking site by creeping substitution.
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matrix content. Freezing and sterilization reduce the cellular 
component [8]. In our case, the graft had been frozen and pre-
served at –80°C prior to surgery, according to the Bank of Tissues 
protocols. 

Massive bone allograft is not complication free. Fractures, in-
fections, non-unions, articular degeneration, and joint instability 
are frequently described in the literature, reporting an overall 
complication rate that ranges from 40% to 70% [2]. Allograft 
fractures were seen in 10% to 52% of the cases [2] and usually 
occur after graft healing and with little to no trauma. These frac-
tures are probably associated with incomplete creeping substitu-
tion, and the larger the osteochondral allograft, the higher the 
risk of fracture can be. 

In our patient, neither allograft fractures nor graft-host non-
unions occurred. We should consider, however, that massive 
bone allograft is generally used alone or in an allograft-prosthesis 
composite for oncological patients who underwent perioperative 
chemotherapy or radiotherapy. This can also explain their high 
complication rate. In our case, we operated on a non-oncological 
patient. In addition, the ulna is not a weight-bearing bone, so the 
mechanical stress on this bone is much lower. 

Graft fracture can also depend on fixation technique. In our 
patient, we used an LCP plate that allows a rigid and stable fixa-
tion and reduces the risk of fracture and allows compression and 
contact at the docking site. These considerations are crucial to 
ensure healing of the graft-host junction, while avoiding non-
unions. 

Infection is the most feared problem for orthopedic surgeons; 
in fact, it is the most common complication associated with graft 
removal in the first 2 or 3 years after reconstruction [9]. Infec-
tions are reported in up to 16% of previous case cohorts [2,9]. 
There is no consensus about the management of massive al-
lograft infections. A topic of debate is whether to remove the 
graft, considering that graft removal might lead to severe dys-
function, and in some cases limb amputation. Aponte-Tinao et 
al. [10] retrospectively analyzed 673 patients who underwent re-
construction with massive bone allografts for tumors or for a 
previous limb rescue procedure. Only 18% of the infected pa-
tients were treated successfully with surgical debridement and 
antibiotics without graft removal; the remaining 82% of patients 
were treated with graft removal, a cemented spacer, and a second 
reconstruction and 34% of the subjects presented with new infec-
tions. In our patient, the infection was superficial in a way that 
wound debridement, negative pressure therapy, and antibiotics 
for 3 months were enough to achieve wound healing. The use of 
negative pressure therapy is well documented in the literature, al-
though the mechanism remains unclear. It has been suggested 

that it promotes wound healing by fluid absorption when in ex-
cess, by preserving microcirculation dynamics through toxin re-
moval from the surrounding tissue, and by decreasing the bacte-
rial load in the case of infection. 

Time lapse between trauma and bone allograft is another point 
to consider. Given the few case reports of allograft for knee frac-
tures described in literature, at the moment there are no guide-
lines that define the proper time of action. In our case report, 3 
months were necessary before definitive surgery. In fact, even if 
there were not any signs of infection, ESR and CRP normalized 
only 8 weeks after surgery. Because timing is crucial to reduce 
the risk of infection, we suggest that bone allograft after complete 
wound healing and normalized laboratory exams are mandatory. 
Moreover, a closer collaboration between the orthopedic surgeon 
and the infectious disease specialist is fundamental for deciding 
timing for the second stage after the first surgical treatment, as 
well as the duration of antibiotic therapy after allograft implanta-
tion. In some cases, when the soft tissues are significantly injured, 
and muscle flaps are required to cover the massive allograft, a 
plastic surgeon can be very helpful when available. 

Another key point of these fracture-dislocations is the man-
agement of capsular-ligament injuries that are usually severe, as 
in our case. Ligament repair or reconstruction should be done to 
avoid instability. In fact, even if the osseous anatomy of the ulno-
humeral joint gives intrinsic stability acting as a hinged joint, 
MCL and LCL complex are primary static constraints. 

Open elbow fracture-dislocations are particularly challenging 
injuries. Massive ulnar osteochondral allograft can be considered 
a valid option in cases of open Monteggia-like lesions with large 
bone defects. Based on our study, this procedure restores com-
plete joint function and offers a satisfactory bone stock for a fu-
ture total elbow replacement. 
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INTRODUCTION 

Clavicle fractures are upper extremity fractures, and are one of 
the most common broken bones seen in the emergency room 
setting, accounting for 35% to 44% of shoulder girdle fractures 
and 2% to 5% of all adult fractures [1-3]. Direct trauma to the 
clavicle, as in contact sports or motorcycle and bicycle accidents, 
is the most common cause of fracture. Males are more often af-
fected than females, and clavicle fractures most commonly occur 
in patients younger than 30 years of age. Although 88.2% of all 
clavicle fractures occur in younger adults, a bimodal peak is ob-
served in elderly patients due to simple falls from moderate 
height or falls from bed [4]. 

Most clavicle fractures occur in the midshaft accounting for 
about 80% of all clavicle fractures, followed by distal clavicle and 
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medial clavicle fractures [5]. Traditionally, most clavicle fractures 
are treated nonoperatively; however, various strategies for the 
surgical treatment of displaced midshaft fractures have been re-
ported recently, including interfragmentary screw fixation, intra-
medullary (IM) fixation, cerclage wiring, and plate fixation. Re-
cently, attempts to use three-dimensional (3D) printing technol-
ogy on fracture surgery have been made [6,7]. 

Although numerous studies have reported on the management 
of midshaft clavicle fractures, definitive treatment strategies have 
not been defined and the various surgical techniques used have 
not been described. In this article, we review the anatomy of the 
clavicle, review both surgical and nonsurgical options for mid-
shaft clavicle fractures reported thus far, and discuss the optimal 
treatment options for fractured clavicles in adults. 
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ANATOMY OF THE CLAVICLE 

The human clavicle is a unique double-curved S-shaped 3D 
structure with a complex morphology. It offers the only direct 
link between the axial and appendicular skeleton [8,9]. It is high-
ly variable within a given population; variation exists not only in 
length, which is approximately 140 to 150 mm (range, 118–162 
mm) and diameter but also in its cross-section and the degree of 
bowing. In addition, personal deviation in human clavicle anato-
my is large and variations between males and females have been 
reported [10-12]. Generally, the human clavicle is presumed to 
be anatomically symmetric; however, there are only a few studies 
assessing symmetricity of the human clavicle. Cunningham et al. 
[13] assessed side-to-side variation in clavicle length in uninjured 
adults with computed tomography (CT) and reported symmetry 
in 71.5% of all patients. A recent study by Hoogervorst et al. [14] 
reported that 30% of patients had side-to-side asymmetry of 5 
mm or more, and there was a significant association between 
clavicle length and dominant side or sex. 

The human clavicle is prone to fracture due to multiple rea-
sons. It is one of the least-protected bones by muscle or fat, since 
it is located superficially just beneath the skin and platysma mus-
cle [1,15]. The clavicle articulates with the sternum medially 
forming the sternoclavicular joint and articulates with the acro-
mion laterally forming the acromioclavicular joint. Both joints 
provide stability with muscle and ligamentous support. It is a rel-
atively thin bone with a mean cortical thickness of 2.05 mm at 
the midpoint [16]. In the middle third of the clavicle, the thin di-
ameter, curved shape, and absence of stability provided by artic-
ulation make it prone to fracture [15]. Also, it is prone to fracture 
between the midshaft and distal one-third, where the midshaft 
tubular structure transitions to a flat shape structure distally [17]. 

CLAVICLE FRACTURE CLASSIFICA-
TION 

Several classification systems for clavicle fractures have been in-
troduced since the 1960s. The Allman classification was first in-
troduced in 1967 [18], which is based on anatomic location and 
was the first widely accepted classification system for clavicle 
fractures. Fractures within the middle third were referred to as 
type I fractures, those within the lateral third were type II frac-
tures, and medial third were type III. Later on, Neer [19] subclas-
sified the fractures of the lateral third, which were categorized 
based on the fracture location in relation to the coracoclavicular 
ligament that provides stability of the medial fracture segment. 
However, these classification systems do not consider treatment 

options nor prognosis of fractures [20]. 
Robinson [3] introduced a more detailed classification based 

on fracture location, adding the concept of displacement, angula-
tion, intra-articular extension, and comminution of the fracture, 
where subgroups A and B include fractures displaced less than 
and greater than 100%, respectively. The middle third fractures 
are also subdivided by the degree of comminution and fracture 
pattern, with simple or wedge-type fractures categorized as sub-
group 1 and comminuted or segmental fracture patterns catego-
rized as subgroup 2. Finally, medial and lateral fractures are sub-
divided based on intra-articular extensions. 

For lateral clavicle fractures, Craig modified Neer type II frac-
tures by separately classifying intra-articular and pediatric frac-
tures by emphasizing the importance of the conoid ligament [21]. 
Recently, Cho et al. [22] suggested a new classification system 
considering fracture displacement, stability, and fracture location 
to help surgeons choose the most optimal treatment option for 
each type of fracture. This classification system defined type I 
fractures as stable and type II as unstable with significant dis-
placement. Type II fractures are subcategorized into four sub-
types by fracture location and whether the conoid or trapezoid 
ligaments are damaged. 

CONSERVATIVE TREATMENT 

Historically, the majority of midshaft clavicle fractures have been 
treated nonoperatively, famously based on two large case series 
by Neer [23] and Rowe [24] in the 1960s. Neer [23] reported a 
low nonunion rate of 0.13% within 2,234 patients and Rowe [24] 
reported a rate of 0.8% in 566 patients. 

Immobilizing the involved shoulder with a figure-of-eight 
brace or bandage is the most widely used conservative treatment. 
The goal of applying a figure-of-eight brace is to elevate and ex-
tend the shoulder to bring the distal fragment close to the proxi-
mal fragment [24]. Recently, however, the use of sling immobili-
zation has increased, since complaints including pain and dis-
comfort were reported with immobilization using a figure-of-
eight bandage. Moreover, there are multiple studies reporting 
that sling immobilization is superior to the figure-of-eight brace 
immobilization [25,26]. Although there was no difference in the 
rate of nonunion or union time between sling immobilization 
and figure-of-eight brace immobilization, lower satisfaction, low-
er functional scores, and higher pain scores were seen with the 
figure-of-eight brace immobilization. Other reported complica-
tions with the figure-of-eight brace include axillary skin irrita-
tion, temporary brachial plexus palsy, and deep venous thrombo-
sis [27,28]. Immobilization is recommended for 4 to 6 weeks al-
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lowing for a passive range of motion not above 90° forward flex-
ion. In most cases, the sling or brace is removed after 6 weeks. 
Also, a light amount of work may be allowed but weight-bearing 
is allowed only at 3 months and return to sports at 4 to 6 months 
after injury [29,30]. 

The low nonunion rates reported by Neer [23] and Rowe [24] 
cannot avoid criticism since pediatric fractures, in which non-
union is rare, were included. Higher nonunion rates in clavicle 
fractures with conservative treatment were reported in many 
studies ranging from 7% to 15%, and even with fracture union, 
complications such as shortening, angulation, malunion, and 
lower clinical outcomes were reported (Fig. 1) [29,31-33]. Recent 
studies excluding pediatric clavicle fractures reported a higher 
nonunion rate of 15% to 20% with nonoperative treatment with 
displaced clavicle midshaft fractures [32,34,35]. Moreover, unsat-
isfactory clinical outcomes and complications including cosmetic 
problems such as skin protrusion were reported [32,36]. 

Shortening of the clavicle after fracture should be carefully as-
sessed as shortening greater than 2 cm may be prone to non-
union [35]. Also, shortening of the clavicle can affect the biome-
chanical principle of the shoulder girdle by altering the moment 
arm of shoulder muscles. Altered biomechanics of the shoulder 

girdle may result in muscle fatigability and impair shoulder func-
tion. Hill et al. [32] reported that initial shortening of more than 
2 cm was highly associated with nonunion and unsatisfactory re-
sults including residual pain, evidence of brachial plexus irrita-
tion, and cosmetic problems. Wick et al. [37] recommended op-
erative treatment for clavicle fractures with a shortening of more 
than 2 cm to avoid nonunion. In a study by Ledger et al. [38], 
shortening was measured by CT and showed that shortening 
greater than 1.5 cm was associated with weaker muscle strength 
compared to the contralateral side. With a self-administered 
shoulder questionnaire [39], the severity of symptoms was as-
sessed and the functional status of the shoulder and poor clinical 
outcomes were found compared to the uninjured contralateral 
side. However, shortening alone as an operative indication is still 
in controversy. A recent systemic review conducted by Woltz et 
al. [40] reported that shortening alone is not an evidence-based 
indication for operative treatment. 

SURGICAL TREATMENT 

There have been many attempts to define the optimal treatment 
options for displaced midshaft clavicle fractures. Including the 
randomized controlled trial (RCT) performed by The Canadian 
Orthopaedic Trauma Society (COTS) [5], recent studies reported 
patients with open reduction and internal fixation (ORIF) 
showed lower rates of malunion and better clinical outcomes 
[41,42]. Although the optimal treatment for displaced midshaft 
clavicle fractures is not defined, it is still under investigation with 
multiple comparative studies comparing surgical and nonsurgical 
management and different methods of surgical fixation tech-
niques. 

Surgical treatment as an optimal treatment for clavicle fracture 
became a trend after the COTS study results were [5] released 
that showed the surgically treated group with superior plates 
showed lower rates of nonunion and faster time to union. In ad-
dition, clinical outcomes such as functional scores and satisfac-
tion were better in the surgically treated group. The complica-
tions reported in the surgically treated group included implant 
irritation, wound infection, and wound dehiscence [41].  

Surgical treatment, as assessed on plain radiographs when 
shortening is greater than 2 cm, is considered when displacement 
is greater than 100% and when a Z-type fracture, which is a com-
minuted fracture with a displaced and rotated butterfly fragment 
between major fragments, is seen and notable comminution is 
observed [5,35]. Also, in patients with young age and high level 
of activity, surgical treatment may be preferred. 

Plate and screw fixation is commonly accepted as a standard 

Fig. 1. Serial radiographs from a 48-year-old man with conservative 
treatment of a midshaft clavicle fracture with comminution and 
shortening. Surgical treatment was recommended initially; however, 
since the patient underwent multiple surgeries due to Charcot joint 
arthropathy in the ankle, the patient refused operative treatment. 
Malunion is observed 3 years post-accident on plain radiographs. 
(A) Initial anteroposterior (AP) view. (B) Initial caudal view. (C) AP 
view 3 years post-accident. (D) Caudal view on 3 years post-acci-
dent. Arrows indicate fracture site.
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method in surgical treatment. Other surgical techniques includ-
ing fixation with IM nails, cerclage wiring, interfragmentary wir-
ing, or bioabsorbable screws have been introduced (Figs. 2 and 
3). Also, based on advancements in 3D printing technology, sur-
gical treatment with the aid of 3D printing has been introduced 
[6,43,44]. 

Plate and Screw Fixation 
Plate and screw ORIF is considered the gold standard surgical 
option. Plate and screw fixation provides rigid fixation with cor-
tical compression and rotational control. Multiple RCTs have re-
ported a lower nonunion rate compared with nonoperative treat-
ment ranging from 0% to 2.8% when using plate and screw fixa-
tion [29,40]. However, secondary operation may be required 
mostly due to the prominent hardware causing cosmetic prob-
lems or implant irritation. Leroux et al. [45] reported that 25% of 
patients who underwent ORIF with plate and screw fixation re-
quired reoperation for removal. Other complications for plate 
and screw fixation include wound infection and wound dehis-
cence [5]. Complications around major neurovascular structures 
will be discussed below. 

Superior Plating vs. Anteroinferior Plating 
While the common plating positions are superior and anteroin-
ferior (Fig. 4), the optimal position of the plate is still controver-
sial. Superior plating has been traditionally used because it allows 

fixation on the tension side of the fracture. However, since com-
plications have emerged, including hardware prominence and 
concern on screw trajectory angle which aims toward major vas-

Fig. 2. Radiographs of a 63-year-old man who sustained a commi-
nuted left midshaft clavicle fracture. (A) Anteroposterior (AP) view. 
(B) Caudal view. The patient underwent plate fixation with two cer-
clage wirings. Union was achieved in 1-year postoperative radio-
graphs. (C) AP view. (D) Caudal view. Arrows indicate fracture site. 

Fig. 3. Radiographs of a 60-year-old man who sustained a commi-
nuted left midshaft clavicle fracture. (A) Anteroposterior (AP) view. 
(B) Caudal view. The patient underwent plate fixation with four in-
terfragmentary wirings. Union was achieved in 1-year postoperative 
radiographs. (C) AP view. (D) Caudal view. Arrows indicate fracture 
site.

Fig. 4. Radiographs of a 23-year-old man who sustained re-fracture 
with metallic failure after plate fixation from another clinic. (A) An-
teroposterior (AP) view. (B) Caudal view. The patient underwent 
double plate fixation with a superior plate and anteroinferior plate. 
Six-month postoperative radiographs are shown. (C) AP view. (D) 
Caudal view.
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cular structures, anteroinferior plating has gained attention. By 
placing the plate anteroinferior, screws with greater length can be 
used which offer more stability, especially against rotational force 
[46-48]. Several biomechanical studies comparing strength based 
on plate position have been conducted with different results. Ian-
notti et al. [49] reported superior plating was the strongest bio-
mechanical construct using midshaft clavicle fracture models 
with a transverse osteotomy after applying axial and torsional 
force. On the other hand, some studies reported that anteroinfe-
rior plating led to greater resistance to cantilever bending, al-
though there was no significant difference in resisting axial or 
torsional forces [46,50,51]. 

While the less prominent hardware in anteroinferior plating 
reduces the need for hardware removal later on, Hulsmans et al. 
[52] reported an equal rate of implant removal between the two 
techniques. In a study by Sohn et al. [53], no difference in im-
plant irritation was found between the two techniques, and im-
plant prominence problems in the study by Collinge et al. [54] 
were minimal. Since the location of the clavicle is superficial just 
beneath the skin and thin platysma muscle [15,30], surgeons 
must try to decrease implant irritation by meticulous dissection, 
which preserves the platysma fascial layer to be repaired over the 
plate. 

Precontoured Plates 
To overcome the complex 3D anatomical features of the human 
clavicle, anatomical precontoured plates can be used (Fig. 5). Us-
ing a precontoured plating system is expected to shorten opera-
tion time since no additional bending is needed during surgery 
and since the plate is precisely anatomically contoured with the 
bone, cosmetic problems or discomfort by skin protrusion can be 

prevented. Fleming et al. [55] reported a 100% union rating with 
no mandatory need for removal using precontoured plates. 
Chandrasenan et al. [56] revealed that pre-contoured anatomical 
plates that are fit to the actual clavicle shorten the operation time. 

However, due to the complex anatomic features of the human 
clavicle and diversity among individuals, some studies reported 
incompatibility of precontoured plates and high rates of implant 
irritation leading to the need for implant removal [57,58]. Malhas 
et al. [57] insisted that when using a plating system, it is advanta-
geous to have multiple plate shape variations on hand during 
surgery due to the anatomic diversities of the human clavicle. 
Huang et al. [59] revealed that the apex of the superior bow was 
located on the lateral aspect of the clavicle, making the pre-con-
toured plate difficult to fit laterally. 

Locking vs. Non-locking Plates 
After their introduction, locking plates have been very popular 
for use with clavicle fractures. Locking plates have advantages for 
use with osteoporotic bone in that they lead to stronger fixation 
providing minimal contact between the bone and plate, preserv-
ing bone blood supply. Locking plates are also used in minimally 
invasive percutaneous plate osteosynthesis (MIPO). By avoiding 
periosteal stripping with soft tissue preservation, locking plates 
with the MIPO technique in clavicle fractures have reported rap-
id union [10]. On the other hand, concerns with the MIPO tech-
nique include the possibility of relatively large fracture gaps, 
which may result in poor secondary bone healing and shortened 
or lengthened clavicular malunion leading to functional deficits 
[60]. Also, strong soft tissue dissection is seldom required to ad-
vance the plate and rare complications such as pneumothorax 
have been reported after MIPO for midshaft clavicle fractures 
[61]. However, there are multiple studies supporting good clini-
cal and radiologic outcomes using the MIPO technique for clavi-
cle shaft fractures [62-64]. 

A prospective randomized trial comparing locking superior 
plate fixation and non-locking superior plate fixation for dis-
placed midshaft fractures was reported. Complication rates and 
clinical results were similar; however, time to union was shorter 
with the locking plate group [65]. 

Complications (Neurovascular Risks) of Plate Fixation 
Longitudinal incisions over the clavicle are generally used since 
vertical incisions have limitations in surgical exposure making it 
difficult to use longer plates. With longitudinal incisions, it is 
easy to extend the incision intraoperatively when necessary. 
During surgical approaches with longitudinal incision, branches 
of the supraclavicular nerves are at risk. When damaged on the 

Fig. 5. Three products of anatomically precontoured clavicle plate 
systems.
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way of approach to the fracture, sensory disorders such as desen-
sitization may occur in the supraclavicular and infraclavicular re-
gion, anteromedial aspect of the shoulder, and/or anterosuperior 
region of chest wall. Wang et al. [66] reported 83% of sensory 
disorders after plate fixation in clavicle fractures and recom-
mended using the vertical incision. 

In addition to superficial sensory disorders, major neurovas-
cular structures located beneath and posterior to the clavicle are 
a main concern in plate fixation. Damage to the major neurovas-
cular structure during plate fixation is uncommon. Leroux et al. 
[45] reported only five neurologic complications and five vascu-
lar complications out of 1,350 clavicle fractures treated with plate 
fixation. Caution should be taken when fixation is performed on 
the medial half. In a cadaveric study by Galley et al. [67], the vas-
cular risk was high in the most medial quarter. On the posterior 
side of the most medial quarter of the clavicle, the common ca-
rotid artery and in particular the internal jugular vein axis is at 
risk when drilling anterior to posterior. This was later supported 
by an image study performed by Sinha et al. [68] that showed in 
their contrast-enhanced CT assessment that drilling should be 
directed superiorly in the most medial quarter and posteriorly in 
the second medial quarter. They also suggested superior plating 
in two medial segments, when divided into three zones, rather 
than placing the plate on the anterior edge. 

Intramedullary Nailing 
IM nailing is another good option for surgically treating dis-
placed midshaft clavicle fractures, with comparable results to 
plate fixation reported in some studies [69-71]. Its advantages in-
clude small incisions with less soft tissue dissection, which pre-
vents supraclavicular nerve injury and promotes fracture healing. 
Also, IM nailing avoids the possibility of damaging major neuro-
vascular structures located beneath the clavicle by drilling or 
protruded screws when performing plate fixation. 

Indications for IM fixation are not different from those for 
plate fixation. However, severely comminuted fractures or seg-
mental fractures may be contraindications for IM nailing [72]. 
Implants used in IM nailing include Kirschner wires (K-wires), 
titanium elastic nails (TENs; Synthes, West Chester, PA, USA), 
IM screws, and Hagie pins (Smith & Nephew, Andover, MA, 
USA). There are a number of studies reporting a 100% healing 
rate using IM nailing whether with Hagie pins or TENs [72]. A 
meta-analysis by Duan et al. [73] reported a higher rate of union 
and better functional outcomes with IM nails compared to con-
servative treatment. 

Complication rates are relatively high in IM nailing, as Strauss 
et al. [74] reported a complication rate of 50% and van der Meij-

den et al.[70] reported an 85% complication rate. The most com-
mon complication using IM nailing is superficial infection 
around the exposed implant, which includes pin extrusion, skin 
irritation, or erosion. Other reported complications are implant 
failure including breakage or bending of the implant. 

The better surgical treatment option between plate fixation 
and IM nailing is unclear as incompatible results have been 
shown in biomechanical studies. Zeng et al. [69] reported that 
IM nailing showed more physiologic stress distribution but with 
greater displacement and implant stresses under axial loads and 
cantilever bending force compared to plate fixation. However, Ni 
et al. [75] reported that plate fixation showed an even stress dis-
tribution and recommended plate fixation over IM nailing. An-
other biomechanical analysis using sawbones by Wilson at al. 
[76] showed that rotational stability was superior with plate fixa-
tion compared to IM nailing. In a systemic review by Hulsmans 
et al. [77], rotational stiffness did not differ significantly; howev-
er, plate fixation was superior in torque stiffness. Moreover, plate 
fixation showed more construct stiffness in a three-point bend-
ing test, where both ends of the clavicle were embedded and the 
load was applied superior to the inferior direction, and cantilever 
bending test compared to IM nailing. 

In clinical studies, a systemic review by Houwert et al. [78] 
concluded no differences in functional outcomes or complica-
tions after plate fixation or IM nailing; however, the results of 
RCTs performed later showed evidence to the contrary. van der 
Meijden et al. [70] found that patients with plate fixation had less 
disability six months from surgery and more patients needed im-
plant removal due to implant irritation in patients treated with 
IM nailing. Andrade-Silva et al. [71] reported that although no 
difference was found in time to union or complications, implant 
irritation rate was higher at 40% in the IM nailing group and at 
14% in the plate fixation group. Park et al. [79] reported higher 
satisfaction with IM nailing, but early postoperative pain and 
fracture migration were higher with IM nailing, especially in the 
multi-fragmentary fracture type, suggesting plate fixation in this 
particular fracture type. A systemic review showed no differences 
in function or nonunion rate between the two methods, but after 
implant removal, patients with plate fixation were prone to re-in-
tervention and refracture [80]. 

Three-Dimensional Printing-Assisted Surgery 
3D printing technology has been widely used in orthopedics over 
the last decade. It has been actively applied in implant design and 
surgical guides in orthopedics [81,82]. Due to the complex anat-
omy and diversity between individuals, 3D printing technology 
aids surgeons to treat clavicle fractures by helping to choose the 
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optimal implant and precontouring the implant preoperatively 
(Fig. 6). 

Kim et al. [6] described a technique using a 3D printed clavicle 
model to choose the most suitable plate preoperatively. By choos-
ing the best fit plate, displaced comminuted midshaft clavicle 
fractures were treated with the MIPO technique. van Doremalen 
et al. [43] adjusted the plate preoperatively with 3D printed mod-
els and suggested preoperative preparation with 3D printed 
models may reduce implant removal caused by plate-related dis-
comfort. Fillat-Gomà et al. [44] showed improvement and en-
hanced surgical planning not only in clavicle fractures but also in 
other upper extremity fractures by 3D printing technology. They 
also applied the plate on a 3D-printed clavicle model and choose 
the best fitting plate with optimal stability. 

There are some obstacles to overcome when using 3D printing 
technology. First, considerable time and cost is required. Particu-
lar CT data using a thin-slice CT protocol is required for recon-
struction. Moreover to manufacture a 3D-printed model, a 3D 
printing system with adequate space is essential. Further studies 
are needed to prove the benefit of 3D printing technology, in-
cluding cost-effectiveness. Second, further studies are needed to 
assess the symmetricity of the clavicle since the contralateral in-
tact clavicle is used as a reference. 

CONCLUSION 

Midshaft clavicle fractures are common upper extremity injuries 
in adults. Although conservative treatment is the optimal treat-
ment for nondisplaced clavicle fractures, it is still hard to say 
whether surgical or nonsurgical treatment is the optimal treat-
ment option for displaced midshaft clavicle fractures. However, a 
consensus has been reached on high nonunion rates for displaced 
midshaft fractures in adults. Surgical treatment is recommended 

when shortening is greater than 2 cm, displacement is greater 
than 100%, Z-type fractures are present, and notable comminu-
tion is observed. 

ORCID 

Hyun Seok Song https://orcid.org/0000-0002-7844-2293 
Hyungsuk Kim https://orcid.org/0000-0003-3400-0263 

REFERENCES 

1. Khan LA, Bradnock TJ, Scott C, Robinson CM. Fractures of the 
clavicle. J Bone Joint Surg Am 2009;91:447-60. 

2. Nordqvist A, Petersson C, Redlund-Johnell I. The natural 
course of lateral clavicle fracture: 15 (11-21) year follow-up of 
110 cases. Acta Orthop Scand 1993;64:87-91. 

3. Robinson CM. Fractures of the clavicle in the adult: epidemiol-
ogy and classification. J Bone Joint Surg Br 1998;80:476-84. 

4. Postacchini F, Gumina S, De Santis P, Albo F. Epidemiology of 
clavicle fractures. J Shoulder Elbow Surg 2002;11:452-6.  

5. Canadian Orthopaedic Trauma Society. Nonoperative treat-
ment compared with plate fixation of displaced midshaft clavic-
ular fractures: a multicenter, randomized clinical trial. J Bone 
Joint Surg Am 2007;89:1-10. 

6. Kim HN, Liu XN, Noh KC. Use of a real-size 3D-printed model 
as a preoperative and intraoperative tool for minimally invasive 
plating of comminuted midshaft clavicle fractures. J Orthop 
Surg Res 2015;10:91. 

7. Kim JW, Lee Y, Seo J, et al. Clinical experience with three-di-
mensional printing techniques in orthopedic trauma. J Orthop 
Sci 2018;23:383-8. 

8. Balcik BJ, Monseau AJ, Krantz W. Evaluation and treatment of 
sternoclavicular, clavicular, and acromioclavicular injuries. 
Prim Care 2013;40:911-23. 

9. Van Tassel D, Owens BD, Pointer L, Moriatis Wolf J. Incidence 
of clavicle fractures in sports: analysis of the NEISS Database. 
Int J Sports Med 2014;35:83-6. 

10. Abdel Fatah EE, Shirley NR, Mahfouz MR, Auerbach BM. A 
three-dimensional analysis of bilateral directional asymmetry 
in the human clavicle. Am J Phys Anthropol 2012;149:547-59. 

11. Auerbach BM, Raxter MH. Patterns of clavicular bilateral asym-
metry in relation to the humerus: variation among humans. J 
Hum Evol 2008;54:663-74. 

12. Daruwalla ZJ, Courtis P, Fitzpatrick C, Fitzpatrick D, Mullett H. 
Anatomic variation of the clavicle: a novel three-dimensional 
study. Clin Anat 2010;23:199-209. 

13. Cunningham BP, McLaren A, Richardson M, McLemore R. 

Fig. 6. Bending the plate preoperatively using a three-dimensional 
(3D) printed model. The plate was bent using benders to match the 
contour between the 3D printed model and the plate on the best fit 
location. (A) Arrow indicates a gap between plate and 3D printed 
model before bending. (B) Arrow indicates resolution of a gap after 
bending.

A

B

195 https://doi.org/10.5397/cise.2021.00388

Clin Shoulder Elbow 2021;24(3):189-198

https://doi.org/10.2106/jbjs.h.00034
https://doi.org/10.2106/jbjs.h.00034
https://doi.org/10.3109/17453679308994539
https://doi.org/10.3109/17453679308994539
https://doi.org/10.3109/17453679308994539
https://www.ncbi.nlm.nih.gov/pubmed/9619941
https://www.ncbi.nlm.nih.gov/pubmed/9619941
https://doi.org/10.1067/mse.2002.126613
https://doi.org/10.1067/mse.2002.126613
https://doi.org/10.1186/s13018-015-0233-5
https://doi.org/10.1186/s13018-015-0233-5
https://doi.org/10.1186/s13018-015-0233-5
https://doi.org/10.1186/s13018-015-0233-5
https://doi.org/10.1016/j.jos.2017.12.010
https://doi.org/10.1016/j.jos.2017.12.010
https://doi.org/10.1016/j.jos.2017.12.010
https://doi.org/10.1016/j.pop.2013.08.008
https://doi.org/10.1016/j.pop.2013.08.008
https://doi.org/10.1016/j.pop.2013.08.008
https://doi.org/10.1055/s-0033-1345127
https://doi.org/10.1055/s-0033-1345127
https://doi.org/10.1055/s-0033-1345127
https://doi.org/10.1002/ajpa.22156
https://doi.org/10.1002/ajpa.22156
https://doi.org/10.1002/ajpa.22156
https://doi.org/10.1016/j.jhevol.2007.10.002
https://doi.org/10.1016/j.jhevol.2007.10.002
https://doi.org/10.1016/j.jhevol.2007.10.002
https://doi.org/10.1002/ca.20924
https://doi.org/10.1002/ca.20924
https://doi.org/10.1002/ca.20924
https://doi.org/10.3928/01477447-20130222-24


Clavicular length: the assumption of symmetry. Orthopedics 
2013;36:e343-7. 

14. Hoogervorst P, Appalsamy A, Franken S, van Kampen A, Han-
nink G. Quantifying shortening of the fractured clavicle assum-
ing clavicular symmetry is unreliable. Arch Orthop Trauma 
Surg 2018;138:803-7. 

15. Jeray KJ. Acute midshaft clavicular fracture. J Am Acad Orthop 
Surg 2007;15:239-48. 

16. Andermahr J, Jubel A, Elsner A, et al. Anatomy of the clavicle 
and the intramedullary nailing of midclavicular fractures. Clin 
Anat 2007;20:48-56. 

17. Bachoura A, Deane AS, Wise JN, Kamineni S. Clavicle mor-
phometry revisited: a 3-dimensional study with relevance to 
operative fixation. J Shoulder Elbow Surg 2013;22:e15-21. 

18. Allman FL Jr. Fractures and ligamentous injuries of the clavicle 
and its articulation. J Bone Joint Surg Am 1967;49:774-84. 

19. Neer CS 2nd. Fracture of the distal clavicle with detachment of 
the coracoclavicular ligaments in adults. J Trauma 1963;3:99-
110. 

20. O'Neill BJ, Hirpara KM, O'Briain D, McGarr C, Kaar TK. Clavi-
cle fractures: a comparison of five classification systems and 
their relationship to treatment outcomes. Int Orthop 2011;35: 
909-14. 

21. Rockwood CA, Bucholz RW, Green DP. Rockwood and Green's 
fractures in adults. 6th ed. Philadelphia, PA: Lippincott Wil-
liams & Wilkins; 2006. 

22. Cho CH, Kim BS, Kim DH, Choi CH, Dan J, Lee H. Distal clav-
icle fractures: a new classification system. Orthop Traumatol 
Surg Res 2018;104:1231-5. 

23. Neer CS 2nd. Nonunion of the clavicle. J Am Med Assoc 1960; 
172:1006-11. 

24. Rowe CR. An atlas of anatomy and treatment of midclavicular 
fractures. Clin Orthop Relat Res 1968;58:29-42. 

25. Ersen A, Atalar AC, Birisik F, Saglam Y, Demirhan M. Compar-
ison of simple arm sling and figure of eight clavicular bandage 
for midshaft clavicular fractures: a randomised controlled study. 
Bone Joint J 2015;97:1562-5. 

26. Andersen K, Jensen PO, Lauritzen J. Treatment of clavicular 
fractures: figure-of-eight bandage versus a simple sling. Acta 
Orthop Scand 1987;58:71-4. 

27. Stanley D, Norris SH. Recovery following fractures of the clavi-
cle treated conservatively. Injury 1988;19:162-4. 

28. Lenza M, Belloti JC, Andriolo RB, Faloppa F. Conservative in-
terventions for treating middle third clavicle fractures in adoles-
cents and adults. Cochrane Database Syst Rev 2014;(5): 
CD007121. 

29. Robinson CM, Goudie EB, Murray IR, et al. Open reduction 

and plate fixation versus nonoperative treatment for displaced 
midshaft clavicular fractures: a multicenter, randomized, con-
trolled trial. J Bone Joint Surg Am 2013;95:1576-84. 

30. Preston CF, Egol KA. Midshaft clavicle fractures in adults. Bull 
NYU Hosp Jt Dis 2009;67:52-7. 

31. Nowak J, Holgersson M, Larsson S. Can we predict long-term 
sequelae after fractures of the clavicle based on initial findings? 
A prospective study with nine to ten years of follow-up. J Shoul-
der Elbow Surg 2004;13:479-86. 

32. Hill JM, McGuire MH, Crosby LA. Closed treatment of dis-
placed middle-third fractures of the clavicle gives poor results. J 
Bone Joint Surg Br 1997;79:537-9. 

33. Gossard JM. Closed treatment of displaced middle-third frac-
tures of the clavicle gives poor results. J Bone Joint Surg Br 1998; 
80:558. 

34. McKee MD. Displaced fractures of the clavicle: who should be 
fixed?: commentary on an article by C.M. Robinson, FRCSEd 
(Tr&Orth) et al.: "Open eduction and plate fixation versus non-
operative treatment for displaced midshaft clavicular fractures. 
a multicenter, randomized, controlled trial". J Bone Joint Surg 
Am 2013;95:e1291-2. 

35. McKee MD, Pedersen EM, Jones C, et al. Deficits following 
nonoperative treatment of displaced midshaft clavicular frac-
tures. J Bone Joint Surg Am 2006;88:35-40. 

36. Lazarides S, Zafiropoulos G. Conservative treatment of fractures 
at the middle third of the clavicle: the relevance of shortening 
and clinical outcome. J Shoulder Elbow Surg 2006;15:191-4.  

37. Wick M, Müller EJ, Kollig E, Muhr G. Midshaft fractures of the 
clavicle with a shortening of more than 2 cm predispose to non-
union. Arch Orthop Trauma Surg 2001;121:207-11. 

38. Ledger M, Leeks N, Ackland T, Wang A. Short malunions of the 
clavicle: an anatomic and functional study. J Shoulder Elbow 
Surg 2005;14:349-54. 

39. L'Insalata JC, Warren RF, Cohen SB, Altchek DW, Peterson MG. 
A self-administered questionnaire for assessment of symptoms 
and function of the shoulder. J Bone Joint Surg Am 1997;79: 
738-48. 

40. Woltz S, Sengab A, Krijnen P, Schipper IB. Does clavicular 
shortening after nonoperative treatment of midshaft fractures 
affect shoulder function? A systematic review. Arch Orthop 
Trauma Surg 2017;137:1047-53. 

41. McKee RC, Whelan DB, Schemitsch EH, McKee MD. Operative 
versus nonoperative care of displaced midshaft clavicular frac-
tures: a meta-analysis of randomized clinical trials. J Bone Joint 
Surg Am 2012;94:675-84. 

42. Zlowodzki M, Zelle BA, Cole PA, Jeray K, McKee MD; Evi-
dence-Based Orthopaedic Trauma Working Group. Treatment 

 https://doi.org/10.5397/cise.2021.00388196

Hyun Seok Song and Hyungsuk Kim.  Clavicle fractures in adults

https://doi.org/10.3928/01477447-20130222-24
https://doi.org/10.3928/01477447-20130222-24
https://doi.org/10.1007/s00402-018-2912-2
https://doi.org/10.1007/s00402-018-2912-2
https://doi.org/10.1007/s00402-018-2912-2
https://doi.org/10.1007/s00402-018-2912-2
https://doi.org/10.5435/00124635-200704000-00007
https://doi.org/10.5435/00124635-200704000-00007
https://doi.org/10.1002/ca.20269
https://doi.org/10.1002/ca.20269
https://doi.org/10.1002/ca.20269
https://doi.org/10.1016/j.jse.2012.01.019
https://doi.org/10.1016/j.jse.2012.01.019
https://doi.org/10.1016/j.jse.2012.01.019
https://doi.org/10.2106/00004623-196749040-00024
https://doi.org/10.2106/00004623-196749040-00024
https://doi.org/10.1097/00005373-196303000-00001
https://doi.org/10.1097/00005373-196303000-00001
https://doi.org/10.1097/00005373-196303000-00001
https://www.ncbi.nlm.nih.gov/pubmed/21088834
https://www.ncbi.nlm.nih.gov/pubmed/21088834
https://www.ncbi.nlm.nih.gov/pubmed/21088834
https://www.ncbi.nlm.nih.gov/pubmed/21088834
https://doi.org/10.1016/j.otsr.2018.05.015
https://doi.org/10.1016/j.otsr.2018.05.015
https://doi.org/10.1016/j.otsr.2018.05.015
https://doi.org/10.1001/jama.1960.03020100014003
https://doi.org/10.1001/jama.1960.03020100014003
https://www.ncbi.nlm.nih.gov/pubmed/5666865
https://www.ncbi.nlm.nih.gov/pubmed/5666865
https://www.ncbi.nlm.nih.gov/pubmed/26530661
https://www.ncbi.nlm.nih.gov/pubmed/26530661
https://www.ncbi.nlm.nih.gov/pubmed/26530661
https://www.ncbi.nlm.nih.gov/pubmed/26530661
https://www.ncbi.nlm.nih.gov/pubmed/3554886
https://www.ncbi.nlm.nih.gov/pubmed/3554886
https://www.ncbi.nlm.nih.gov/pubmed/3554886
https://doi.org/10.1016/0020-1383(88)90006-x
https://doi.org/10.1016/0020-1383(88)90006-x
https://doi.org/10.1002/14651858.cd007121.pub3
https://doi.org/10.1002/14651858.cd007121.pub3
https://doi.org/10.1002/14651858.cd007121.pub3
https://doi.org/10.1002/14651858.cd007121.pub3
https://www.ncbi.nlm.nih.gov/pubmed/24005198
https://www.ncbi.nlm.nih.gov/pubmed/24005198
https://www.ncbi.nlm.nih.gov/pubmed/24005198
https://www.ncbi.nlm.nih.gov/pubmed/24005198
https://www.ncbi.nlm.nih.gov/pubmed/19302058
https://www.ncbi.nlm.nih.gov/pubmed/19302058
https://doi.org/10.1016/j.jse.2004.01.026
https://doi.org/10.1016/j.jse.2004.01.026
https://doi.org/10.1016/j.jse.2004.01.026
https://doi.org/10.1016/j.jse.2004.01.026
https://doi.org/10.1302/0301-620x.79b4.0790537
https://doi.org/10.1302/0301-620x.79b4.0790537
https://doi.org/10.1302/0301-620x.79b4.0790537
https://doi.org/10.1302/0301-620x.80b3.0800558
https://doi.org/10.1302/0301-620x.80b3.0800558
https://doi.org/10.1302/0301-620x.80b3.0800558
http://www.ncbi.nlm.nih.gov/pubmed/24005213
http://www.ncbi.nlm.nih.gov/pubmed/24005213
http://www.ncbi.nlm.nih.gov/pubmed/24005213
http://www.ncbi.nlm.nih.gov/pubmed/24005213
https://doi.org/10.2106/jbjs.d.02795
https://doi.org/10.2106/jbjs.d.02795
https://doi.org/10.2106/jbjs.d.02795
https://doi.org/10.1016/j.jse.2005.08.007
https://doi.org/10.1016/j.jse.2005.08.007
https://doi.org/10.1016/j.jse.2005.08.007
https://doi.org/10.1007/s004020000202
https://doi.org/10.1007/s004020000202
https://doi.org/10.1007/s004020000202
https://doi.org/10.1016/j.jse.2004.09.011
https://doi.org/10.1016/j.jse.2004.09.011
https://doi.org/10.1016/j.jse.2004.09.011
https://www.ncbi.nlm.nih.gov/pubmed/9160947
https://www.ncbi.nlm.nih.gov/pubmed/9160947
https://www.ncbi.nlm.nih.gov/pubmed/9160947
https://www.ncbi.nlm.nih.gov/pubmed/9160947
https://doi.org/10.1007/s00402-017-2734-7
https://doi.org/10.1007/s00402-017-2734-7
https://doi.org/10.1007/s00402-017-2734-7
https://doi.org/10.1007/s00402-017-2734-7
https://doi.org/10.2106/jbjs.j.01364
https://doi.org/10.2106/jbjs.j.01364
https://doi.org/10.2106/jbjs.j.01364
https://doi.org/10.2106/jbjs.j.01364
http://www.ncbi.nlm.nih.gov/pubmed/16056089
http://www.ncbi.nlm.nih.gov/pubmed/16056089


of acute midshaft clavicle fractures: systematic review of 2144 
fractures: on behalf of the Evidence-Based Orthopaedic Trauma 
Working Group. J Orthop Trauma 2005;19:504-7. 

43. van Doremalen RF, van der Linde RA, Kootstra JJ, van Helden 
SH, Hekman EE. Can 3D-printing avoid discomfort-related 
implant removal in midshaft clavicle fractures? A four-year fol-
low-up. Arch Orthop Trauma Surg 2020 Oct 31 [Epub]. https://
doi.org/10.1007/s00402-020-03654-6. 

44. Fillat-Gomà F, Marcano-Fernández FA, Coderch-Navarro S, 
Martínez-Carreres L, Berenguer A. 3D printing innovation: 
new insights into upper extremity surgery planning. Injury 
2021 Feb 13 [Epub]. https://doi.org/10.1016/j.injury. 2021.01. 
048. 

45. Leroux T, Wasserstein D, Henry P, et al. Rate of and risk factors 
for reoperations after open reduction and internal fixation of 
midshaft clavicle fractures: a population-based study in Ontar-
io, Canada. J Bone Joint Surg Am 2014;96:1119-25. 

46. Partal G, Meyers KN, Sama N, et al. Superior versus anteroinfe-
rior plating of the clavicle revisited: a mechanical study. J Or-
thop Trauma 2010;24:420-5. 

47. Lo EY, Eastman J, Tseng S, Lee MA, Yoo BJ. Neurovascular risks 
of anteroinferior clavicular plating. Orthopedics 2010;33:21. 

48. Formaini N, Taylor BC, Backes J, Bramwell TJ. Superior versus 
anteroinferior plating of clavicle fractures. Orthopedics 2013; 
36:e898-904. 

49. Iannotti MR, Crosby LA, Stafford P, Grayson G, Goulet R. Ef-
fects of plate location and selection on the stability of midshaft 
clavicle osteotomies: a biomechanical study. J Shoulder Elbow 
Surg 2002;11:457-62. 

50. Toogood P, Coughlin D, Rodriguez D, Lotz J, Feeley B. A bio-
mechanical comparison of superior and anterior positioning of 
precontoured plates for midshaft clavicle fractures. Am J Or-
thop (Belle Mead NJ) 2014;43:E226-31. 

51. Favre P, Kloen P, Helfet DL, Werner CM. Superior versus an-
teroinferior plating of the clavicle: a finite element study. J Or-
thop Trauma 2011;25:661-5. 

52. Hulsmans MH, van Heijl M, Houwert RM, et al. High irritation 
and removal rates after plate or nail fixation in patients with 
displaced midshaft clavicle fractures. Clin Orthop Relat Res 
2017;475:532-9. 

53. Sohn HS, Shon MS, Lee KH, Song SJ. Clinical comparison of 
two different plating methods in minimally invasive plate os-
teosynthesis for clavicular midshaft fractures: a randomized 
controlled trial. Injury 2015;46:2230-8. 

54. Collinge C, Devinney S, Herscovici D, DiPasquale T, Sanders R. 
Anterior-inferior plate fixation of middle-third fractures and 
nonunions of the clavicle. J Orthop Trauma 2006;20:680-6. 

55. Fleming MA, Dachs R, Maqungo S, du Plessis JP, Vrettos BC, 
Roche SJ. Angular stable fixation of displaced distal-third clavi-
cle fractures with superior precontoured locking plates. J Shoul-
der Elbow Surg 2015;24:700-4. 

56. Chandrasenan J, Espag M, Dias R, Clark DI. The use of anatom-
ic precontoured plates in the treatment of midshaft clavicle 
fractures. Orthopaedic Proceedings 2009;91:179-80. 

57. Malhas AM, Skarparis YG, Sripada S, Soames RW, Jariwala AC. 
How well do contoured superior midshaft clavicle plates fit the 
clavicle? A cadaveric study. J Shoulder Elbow Surg 2016;25:954-
9. 

58. Rongguang A, Zhen J, Jianhua Z, Jifei S, Xinhua J, Baoqing Y. 
Surgical treatment of displaced midshaft clavicle fractures: pre-
contoured plates versus noncontoured plates. J Hand Surg Am 
2016;41:e263-6. 

59. Huang JI, Toogood P, Chen MR, Wilber JH, Cooperman DR. 
Clavicular anatomy and the applicability of precontoured plates. 
J Bone Joint Surg Am 2007;89:2260-5. 

60. Smekal V, Deml C, Irenberger A, et al. Length determination in 
midshaft clavicle fractures: validation of measurement. J Or-
thop Trauma 2008;22:458-62. 

61. Kim MK, Lee HJ, You AH, Kang HY. Pneumothorax after mini-
mally invasive plate osteosynthesis for midshaft clavicle frac-
ture: a case report. Medicine (Baltimore) 2019;98:e16836. 

62. Sohn HS, Shin SJ, Kim BY. Minimally invasive plate osteosyn-
thesis using anterior-inferior plating of clavicular midshaft frac-
tures. Arch Orthop Trauma Surg 2012;132:239-44. 

63. Sohn HS, Kim WJ, Shon MS. Comparison between open plat-
ing versus minimally invasive plate osteosynthesis for acute dis-
placed clavicular shaft fractures. Injury 2015;46:1577-84. 

64. Sohn HS, Kim BY, Shin SJ. A surgical technique for minimally 
invasive plate osteosynthesis of clavicular midshaft fractures. J 
Orthop Trauma 2013;27:e92-6. 

65. Uchiyama Y, Handa A, Omi H, et al. Locking versus nonlocking 
superior plate fixations for displaced midshaft clavicle fractures: 
a prospective randomized trial comparing clinical and ra-
diografic results. J Orthop Sci 2020 Nov 8 [Epub]. https://doi.
org/10.1016/j.jos.2020.09.017. 

66. Wang K, Dowrick A, Choi J, Rahim R, Edwards E. Post-opera-
tive numbness and patient satisfaction following plate fixation 
of clavicular fractures. Injury 2010;41:1002-5. 

67. Galley IJ, Watts AC, Bain GI. The anatomic relationship of the 
axillary artery and vein to the clavicle: a cadaveric study. J 
Shoulder Elbow Surg 2009;18:e21-5.  

68. Sinha A, Edwin J, Sreeharsha B, Bhalaik V, Brownson P. A radio-
logical study to define safe zones for drilling during plating of 
clavicle fractures. J Bone Joint Surg Br 2011;93:1247-52. 

197 https://doi.org/10.5397/cise.2021.00388

Clin Shoulder Elbow 2021;24(3):189-198

http://www.ncbi.nlm.nih.gov/pubmed/16056089
http://www.ncbi.nlm.nih.gov/pubmed/16056089
https://doi.org/10.1007/s00402-020-03654-6
https://doi.org/10.1007/s00402-020-03654-6
https://doi.org/10.1007/s00402-020-03654-6
https://doi.org/10.1007/s00402-020-03654-6
https://doi.org/10.1016/j.injury.2021.01.048
https://doi.org/10.1016/j.injury.2021.01.048
https://doi.org/10.1016/j.injury.2021.01.048
https://doi.org/10.1016/j.injury.2021.01.048
http://www.ncbi.nlm.nih.gov/pubmed/24990977
http://www.ncbi.nlm.nih.gov/pubmed/24990977
http://www.ncbi.nlm.nih.gov/pubmed/24990977
http://www.ncbi.nlm.nih.gov/pubmed/24990977
https://doi.org/10.1097/bot.0b013e3181c3f6d4
https://doi.org/10.1097/bot.0b013e3181c3f6d4
https://doi.org/10.1097/bot.0b013e3181c3f6d4
https://doi.org/10.3928/01477447-20091124-09
https://doi.org/10.3928/01477447-20091124-09
https://doi.org/10.3928/01477447-20130624-20
https://doi.org/10.3928/01477447-20130624-20
https://doi.org/10.3928/01477447-20130624-20
https://doi.org/10.1067/mse.2002.125805
https://doi.org/10.1067/mse.2002.125805
https://doi.org/10.1067/mse.2002.125805
https://doi.org/10.1067/mse.2002.125805
http://www.ncbi.nlm.nih.gov/pubmed/25303449
http://www.ncbi.nlm.nih.gov/pubmed/25303449
http://www.ncbi.nlm.nih.gov/pubmed/25303449
http://www.ncbi.nlm.nih.gov/pubmed/25303449
https://doi.org/10.1097/bot.0b013e3182143e06
https://doi.org/10.1097/bot.0b013e3182143e06
https://doi.org/10.1097/bot.0b013e3182143e06
https://doi.org/10.1007/s11999-016-5113-8
https://doi.org/10.1007/s11999-016-5113-8
https://doi.org/10.1007/s11999-016-5113-8
https://doi.org/10.1007/s11999-016-5113-8
https://doi.org/10.1016/j.injury.2015.08.018
https://doi.org/10.1016/j.injury.2015.08.018
https://doi.org/10.1016/j.injury.2015.08.018
https://doi.org/10.1097/01.bot.0000249434.57571.29
https://doi.org/10.1097/01.bot.0000249434.57571.29
https://doi.org/10.1097/01.bot.0000249434.57571.29
https://doi.org/10.1016/j.jse.2014.09.024
https://doi.org/10.1016/j.jse.2014.09.024
https://doi.org/10.1016/j.jse.2014.09.024
https://doi.org/10.1016/j.jse.2014.09.024
https://doi.org/10.1016/j.injury.2007.11.326
https://doi.org/10.1016/j.injury.2007.11.326
https://doi.org/10.1016/j.injury.2007.11.326
https://doi.org/10.1016/j.jse.2015.10.020
https://doi.org/10.1016/j.jse.2015.10.020
https://doi.org/10.1016/j.jse.2015.10.020
https://doi.org/10.1016/j.jse.2015.10.020
https://doi.org/10.1016/j.jhsa.2016.06.007
https://doi.org/10.1016/j.jhsa.2016.06.007
https://doi.org/10.1016/j.jhsa.2016.06.007
https://doi.org/10.1016/j.jhsa.2016.06.007
https://doi.org/10.2106/jbjs.g.00111
https://doi.org/10.2106/jbjs.g.00111
https://doi.org/10.2106/jbjs.g.00111
https://doi.org/10.1097/bot.0b013e318178d97d
https://doi.org/10.1097/bot.0b013e318178d97d
https://doi.org/10.1097/bot.0b013e318178d97d
https://doi.org/10.1097/md.0000000000016836
https://doi.org/10.1097/md.0000000000016836
https://doi.org/10.1097/md.0000000000016836
https://doi.org/10.1007/s00402-011-1410-6
https://doi.org/10.1007/s00402-011-1410-6
https://doi.org/10.1007/s00402-011-1410-6
https://doi.org/10.1016/j.injury.2015.05.038
https://doi.org/10.1016/j.injury.2015.05.038
https://doi.org/10.1016/j.injury.2015.05.038
https://doi.org/10.1097/bot.0b013e31826579c7
https://doi.org/10.1097/bot.0b013e31826579c7
https://doi.org/10.1097/bot.0b013e31826579c7
https://doi.org/10.1016/j.jos.2020.09.017
https://doi.org/10.1016/j.jos.2020.09.017
https://doi.org/10.1016/j.jos.2020.09.017
https://doi.org/10.1016/j.jos.2020.09.017
https://doi.org/10.1016/j.jos.2020.09.017
https://doi.org/10.1016/j.jos.2020.09.017
https://doi.org/10.1016/j.injury.2010.02.028
https://doi.org/10.1016/j.injury.2010.02.028
https://doi.org/10.1016/j.injury.2010.02.028
https://doi.org/10.1016/j.jse.2009.01.021
https://doi.org/10.1016/j.jse.2009.01.021
https://doi.org/10.1016/j.jse.2009.01.021
https://doi.org/10.1302/0301-620x.93b9.25739
https://doi.org/10.1302/0301-620x.93b9.25739
https://doi.org/10.1302/0301-620x.93b9.25739


69. Zeng L, Wei H, Liu Y, et al. Titanium elastic nail (TEN) versus 
reconstruction plate repair of midshaft clavicular fractures: a fi-
nite element study. PLoS One 2015;10:e0126131. 

70. van der Meijden OA, Houwert RM, Hulsmans M, et al. Opera-
tive treatment of dislocated midshaft clavicular fractures: plate 
or intramedullary nail fixation? A randomized controlled trial. J 
Bone Joint Surg Am 2015;97:613-9. 

71. Andrade-Silva FB, Kojima KE, Joeris A, Santos Silva J, Mattar R 
Jr. Single, superiorly placed reconstruction plate compared with 
flexible intramedullary nailing for midshaft clavicular fractures: 
a prospective, randomized controlled trial. J Bone Joint Surg 
Am 2015;97:620-6. 

72. Eichinger JK, Balog TP, Grassbaugh JA. Intramedullary fixation 
of clavicle fractures: anatomy, indications, advantages, and dis-
advantages. J Am Acad Orthop Surg 2016;24:455-64. 

73. Duan X, Zhong G, Cen S, Huang F, Xiang Z. Plating versus in-
tramedullary pin or conservative treatment for midshaft frac-
ture of clavicle: a meta-analysis of randomized controlled trials. 
J Shoulder Elbow Surg 2011;20:1008-15. 

74. Strauss EJ, Egol KA, France MA, Koval KJ, Zuckerman JD. 
Complications of intramedullary Hagie pin fixation for acute 
midshaft clavicle fractures. J Shoulder Elbow Surg 2007;16:280-
4. 

75. Ni M, Niu W, Wong DW, Zeng W, Mei J, Zhang M. Finite ele-
ment analysis of locking plate and two types of intramedullary 
nails for treating mid-shaft clavicle fractures. Injury 2016;47: 

1618-23. 
76. Wilson DJ, Scully WF, Min KS, Harmon TA, Eichinger JK, Ar-

rington ED. Biomechanical analysis of intramedullary vs. supe-
rior plate fixation of transverse midshaft clavicle fractures. J 
Shoulder Elbow Surg 2016;25:949-53. 

77. Hulsmans MH, van Heijl M, Houwert RM, et al. Surgical fixa-
tion of midshaft clavicle fractures: a systematic review of bio-
mechanical studies. Injury 2018;49:753-65. 

78. Houwert RM, Wijdicks FJ, Steins Bisschop C, Verleisdonk EJ, 
Kruyt M. Plate fixation versus intramedullary fixation for dis-
placed mid-shaft clavicle fractures: a systematic review. Int Or-
thop 2012;36:579-85. 

79. Park JS, Ko SH, Hong TH, et al. Plate fixation versus titanium 
elastic nailing in midshaft clavicle fractures based on fracture 
classifications. J Orthop Surg (Hong Kong) 2020;28:23094990 
20972204. 

80. Xie L, Zhao Z, Zhang S, Hu Y. Intramedullary fixation versus 
plate fixation for displaced mid-shaft clavicle fractures: a sys-
tematic review of overlapping meta-analyses. Medicine (Balti-
more) 2018;97:e9752. 

81. Chuang TY, Adams CR, Burkhart SS. Use of preoperative 
three-dimensional computed tomography to quantify glenoid 
bone loss in shoulder instability. Arthroscopy 2008;24:376-82. 

82. Galvez M, Asahi T, Baar A, et al. Use of three-dimensional 
printing in orthopaedic surgical planning. J Am Acad Orthop 
Surg Glob Res Rev 2018;2:e071. 

 https://doi.org/10.5397/cise.2021.00388198

Hyun Seok Song and Hyungsuk Kim.  Clavicle fractures in adults

https://doi.org/10.1371/journal.pone.0126131
https://doi.org/10.1371/journal.pone.0126131
https://doi.org/10.1371/journal.pone.0126131
https://www.ncbi.nlm.nih.gov/pubmed/25878304
https://www.ncbi.nlm.nih.gov/pubmed/25878304
https://www.ncbi.nlm.nih.gov/pubmed/25878304
https://www.ncbi.nlm.nih.gov/pubmed/25878304
https://www.ncbi.nlm.nih.gov/pubmed/25878305
https://www.ncbi.nlm.nih.gov/pubmed/25878305
https://www.ncbi.nlm.nih.gov/pubmed/25878305
https://www.ncbi.nlm.nih.gov/pubmed/25878305
https://www.ncbi.nlm.nih.gov/pubmed/27227985
https://www.ncbi.nlm.nih.gov/pubmed/27227985
https://www.ncbi.nlm.nih.gov/pubmed/27227985
https://doi.org/10.1016/j.jse.2011.01.018
https://doi.org/10.1016/j.jse.2011.01.018
https://doi.org/10.1016/j.jse.2011.01.018
https://doi.org/10.1016/j.jse.2011.01.018
https://doi.org/10.1016/j.jse.2006.08.012
https://doi.org/10.1016/j.jse.2006.08.012
https://doi.org/10.1016/j.jse.2006.08.012
https://doi.org/10.1016/j.jse.2006.08.012
https://doi.org/10.1016/j.injury.2016.06.004
https://doi.org/10.1016/j.injury.2016.06.004
https://doi.org/10.1016/j.injury.2016.06.004
https://doi.org/10.1016/j.injury.2016.06.004
https://doi.org/10.1016/j.jse.2015.10.006
https://doi.org/10.1016/j.jse.2015.10.006
https://doi.org/10.1016/j.jse.2015.10.006
https://doi.org/10.1016/j.jse.2015.10.006
https://doi.org/10.1016/j.injury.2018.02.017
https://doi.org/10.1016/j.injury.2018.02.017
https://doi.org/10.1016/j.injury.2018.02.017
https://doi.org/10.1007/s00264-011-1422-4
https://doi.org/10.1007/s00264-011-1422-4
https://doi.org/10.1007/s00264-011-1422-4
https://doi.org/10.1007/s00264-011-1422-4
https://doi.org/10.1177/2309499020972204
https://doi.org/10.1177/2309499020972204
https://doi.org/10.1177/2309499020972204
https://doi.org/10.1177/2309499020972204
https://doi.org/10.1097/md.0000000000009752
https://doi.org/10.1097/md.0000000000009752
https://doi.org/10.1097/md.0000000000009752
https://doi.org/10.1097/md.0000000000009752
https://doi.org/10.1016/j.arthro.2007.10.008
https://doi.org/10.1016/j.arthro.2007.10.008
https://doi.org/10.1016/j.arthro.2007.10.008
https://doi.org/10.5435/jaaosglobal-d-17-00071
https://doi.org/10.5435/jaaosglobal-d-17-00071
https://doi.org/10.5435/jaaosglobal-d-17-00071


Instructions to authors

1. AIMS AND SCOPE

CiSE is an international, peer-reviewed journal and the official 
journal of Korean Shoulder and Elbow Society. It was first 
launched in 1998. It is published quarterly in the first day of 
March, June, September, and December, with articles in English, 
and has been published as an online-only journal since 2019.

The purpose of CiSE are: first to contribute in the management 
and education of shoulder and elbow topics; second, to share lat-
est scientific informations among international societies; and fi-
nally to promote communications on shoulder/elbow problems 
and patient care. It can cover all fields of clinical and basic re-
searches in shoulder and elbow.

Manuscripts submitted to CiSE should be prepared according 
to the following instructions. CiSE follows the Recommendations 
for the Conduct, Reporting, Editing, and Publication of Scholarly 
Work in Medical Journals (http://www.icmje.org/icmje-recom-
mendations.pdf) from the International Committee of Medical 
Journal Editors (ICMJE).

2. RESEARCH AND PUBLICATION ETHICS

The journal adheres to the guidelines and best practices published 
by professional organizations, including ICMJE Recommenda-
tions and the Principles of Transparency and Best Practice in 
Scholarly Publishing (joint statement by the Committee on Publi-
cation Ethics [COPE], Directory of Open Access Journals 
[DOAJ], World Association of Medical Editors [WAME], and 
Open Access Scholarly Publishers Association [OASPA]; https://
doaj.org/bestpractice). Further, all processes of handling research 
and publication misconduct shall follow the applicable COPE 
flowchart (https://publicationethics.org/resources/flowcharts).

Statement of Human and Animal Rights
Clinical research should be conducted in accordance with the 
World Medical Association’s Declaration of Helsinki (https://

www.wma.net/what-we-do/medical-ethics/declaration-of-helsin-
ki/). Clinical studies that do not meet the Helsinki Declaration 
will not be considered for publication. For human subjects, iden-
tifiable information, such as patients’ names, initials, hospital 
numbers, dates of birth, and other protected health care informa-
tion, should not be disclosed. For animal subjects, research should 
be performed based on the National or Institutional Guide for the 
Care and Use of Laboratory Animals. The ethical treatment of all 
experimental animals should be maintained.

Statement of Informed Consent and Institutional Approval
Copies of written informed consent should be kept for studies on 
human subjects. Clinical studies with human subjects should pro-
vide a certificate, an agreement, or the approval by the Institution-
al Review Board (IRB) of the author’s affiliated institution. For re-
search with animal subjects, studies should be approved by an In-
stitutional Animal Care and Use Committee (IACUC). If neces-
sary, the editor or reviewers may request copies of these docu-
ments to resolve questions regarding IRB/IACUC approval and 
study conduct.

Conflict of Interest Statement
The author is responsible for disclosing any financial support or 
benefit that might affect the content of the manuscript or might 
cause a conflict of interest. When submitting the manuscript, the 
author must attach the letter of conflict of interest statement (http://
cisejournal.org/authors/copyright_transfer_agreement.php). Exam-
ples of potential conflicts of interest are financial support from or 
connections to companies, political pressure from interest groups, 
and academically related issues. In particular, all sources of funding 
applicable to the study should be explicitly stated.

Originality, Plagiarism, and Duplicate Publication
Redundant or duplicate publication refers to the publication of a 
paper that overlaps substantially with one already published. 
Upon receipt, submitted manuscripts are screened for possible 

Enacted from June 1, 2009
Revised on December 31, 2010
June 1, 2013
March 1, 2014
May 13, 2014
September 1, 2017
March 1, 2019
December 1, 2019

iwww.cisejournal.org



plagiarism or duplicate publication using Crossref Similarity 
Check. If a paper that might be regarded as duplicate or redun-
dant had already been published in another journal or submitted 
for publication, the author should notify the fact in advance at the 
time of submission. Under these conditions, any such work 
should be referred to and referenced in the new paper. The new 
manuscript should be submitted together with copies of the dupli-
cate or redundant material to the editorial committee. If redun-
dant or duplicate publication is attempted or occurs without such 
notification, the submitted manuscript will be rejected immedi-
ately. If the editor was not aware of the violations and of the fact 
that the article had already been published, the editor will an-
nounce in the journal that the submitted manuscript had already 
been published in a duplicate or redundant manner, without seek-
ing the author’s explanation or approval.

Secondary Publication
It is possible to republish manuscripts if the manuscripts satisfy 
the conditions for secondary publication of the ICMJE Recom-
mendations.

Authorship and Author’s Responsibility
Authorship credit should be based on (1) substantial contributions 
to conception and design, acquisition of data, and analysis and in-
terpretation of data; (2) drafting the article or revising it critically 
for important intellectual content; (3) final approval of the version 
to be published; and (4) agreement to be accountable for all aspects 
of the work in ensuring that questions related to the accuracy or 
integrity of any part of the work are appropriately investigated and 
resolved. Authors should meet these four conditions.
• The contributions of all authors must be described. CiSE has ad-

opted the CRediT Taxonomy (https://www.casrai.org/credit.
html) to describe each author’s individual contributions to the 
work. The role of each author and ORCID number should be 
addressed in the title page.

• Correction of authorship: Any requests for such changes in au-
thorship (adding author(s), removing author(s), or re-arranging 
the order of authors) after the initial manuscript submission 
and before publication should be explained in writing to the 
editor in a letter or e-mail from all authors. This letter must be 
signed by all authors of the paper. A copyright assignment must 
be completed by every author.

• Role of corresponding author: The corresponding author takes 
primary responsibility for communication with the journal 
during the manuscript submission, peer review, and publication 
process. The corresponding author typically ensures that all of 
the journal’s administrative requirements, such as providing the 

details of authorship, ethics committee approval, clinical trial 
registration documentation, and conflict of interest forms and 
statements, are properly completed, although these duties may 
be delegated to one or more coauthors. The corresponding au-
thor should be available throughout the submission and peer re-
view process to respond to editorial queries in a timely manner, 
and after publication, should be available to respond to critiques 
of the work and cooperate with any requests from the journal 
for data or additional information or questions about the article.

• Contributors: Any researcher who does not meet all four ICMJE 
criteria for authorship discussed above but contribute substan-
tively to the study in terms of idea development, manuscript 
writing, conducting research, data analysis, and financial sup-
port should have their contributions listed in the Acknowledg-
ments section of the article.

Process for Managing Research and Publication Miscon-
duct
When the journal faces suspected cases of research and publica-
tion misconduct, such as redundant (duplicate) publication, pla-
giarism, fraudulent or fabricated data, changes in authorship, un-
disclosed conflict of interest, ethical problems with a submitted 
manuscript, appropriation by a reviewer of an author’s idea or 
data, and complaints against editors, the resolution process will 
follow the flowchart provided by COPE (http://publicationethics.
org/resources/flowcharts). The discussion and decision on the 
suspected cases are carried out by the Editorial Board.

Editorial Responsibilities
The Editorial Board will continuously work to monitor and safe-
guard publication ethics: guidelines for retracting articles; mainte-
nance of the integrity of academic records; preclusion of business 
needs from compromising intellectual and ethical standards; pub-
lishing corrections, clarifications, retractions, and apologies when 
needed; and excluding plagiarized and fraudulent data. The edi-
tors maintain the following responsibilities: responsibility and au-
thority to reject and accept articles; avoid any conflict of interest 
with respect to articles they reject or accept; promote the publica-
tion of corrections or retractions when errors are found; and pre-
serve the anonymity of reviewers.

3. EDITORIAL POLICY

Copyright
Copyright in all published material is owned by the Korean Shoul-
der and Elbow Society. Authors must agree to transfer copyright 
(http://cisejournal.org/authors/copyright_transfer_agreement.

www.cisejournal.orgii



php) during the submission process. The corresponding author is 
responsible for submitting the copyright transfer agreement to 
the publisher.

Open Access Policy
CiSE is an open-access journal. Articles are distributed under the 
terms of the Creative Commons Attribution License (http://cre-
ativecommons.org/licenses/by-nc/4.0/), which permits unrestrict-
ed non-commercial use, distribution, and reproduction in any 
medium, provided the original work is properly cited. Author(s) 
do not need to permission to use tables or figures published in 
CiSE in other journals, books, or media for scholarly and educa-
tional purposes. This policy is in accordance with the Budapest 
Open Access Initiative definition of open access.

Registration of Clinical Trial Research
It is recommended that any research that deals with a clinical trial 
be registered with a clinical trial registration site, such as http://
cris.nih.go.kr, http://www.who.int/ictrp/en, and http://clinicaltri-
als.gov.

Data Sharing
ICiSE encourages data sharing wherever possible, unless this is pre-
vented by ethical, privacy, or confidentiality matters. Authors wish-
ing to do so may deposit their data in a publicly accessible reposito-
ry and include a link to the DOI within the text of the manuscript.
• Clinical Trials: CiSE accepts the ICMJE Recommendations for 

data sharing statement policy. Authors may refer to the editori-
al, “Data Sharing statements for Clinical Trials: A Requirement 
of the International Committee of Medical Journal Editors,” in 
the Journal of Korean Medical Science (https://dx.doi.
org/10.3346/jkms.2017.32.7.1051).

Archiving Policy
CiSE provides electronic archiving and preservation of access to 
the journal content in the event the journal is no longer published, 
by archiving in the National Library of Korea. According to the 
deposit policy (self-archiving policy) of Sherpa/Romeo (http://
www.sherpa.ac.uk/), authors cannot archive pre-print (i.e., 
pre-refereeing) but they can archive post-print (i.e., final draft 
post-refereeing). Authors can archive the publisher’s version/PDF.

4. SUBMISSION AND PEER-REVIEW PROCESS

Submission
All manuscripts should be submitted online via the journal’s web-
site (https://submit.cisejournal.org/) by the corresponding author. 

Once you have logged into your account, the online system will 
lead you through the submission process in a stepwise orderly 
process. Submission instructions are available at the website. All 
articles submitted to the journal must comply with these instruc-
tions. Failure to do so will result in the return of the manuscript 
and possible delay in publication.

Peer Review Process
All papers, including those invited by the Editor, are subject to 
peer review. Manuscripts will be peer-reviewed by two accredited 
experts in the shoulder and elbow with one additional review by 
prominent member from our editorial board. CiSE’s average turn-
around time from submission to decision is 4 weeks. The editor is 
responsible for the final decision whether the manuscript is ac-
cepted or rejected.
• The journal uses a double-blind peer review process: the review-

ers do not know the identity of the authors, and vice versa.
• Decision letter will be sent to corresponding author via regis-

tered e-mail. Reviewers can request authors to revise the con-
tent. The corresponding author must indicate the modifications 
made in their item-by-item response to the reviewers’ com-
ments. Failure to resubmit the revised manuscript within 4 
weeks of the editorial decision is regarded as a withdrawal.

• The editorial committee has the right to revise the manuscript 
without the authors’ consent, unless the revision substantially 
affects the original content.

• After review, the editorial board determines whether the manu-
script is accepted for publication or not. Once rejected, the 
manuscript does not undergo another round of review.

Appeals of Decisions
Any appeal against an editorial decision must be made within 2 
weeks of the date of the decision letter. Authors who wish to ap-
peal a decision should contact the Editor-in-Chief, explaining in 
detail the reasons for the appeal. All appeals will be discussed with 
at least one other associate editor. If consensus cannot be reached 
thereby, an appeal will be discussed at a full editorial meeting. The 
process of handling complaints and appeals follows the guidelines 
of COPE available from (https://publicationethics.org/appeals). 
CiSE does not consider second appeals.

5. MANUSCRIPT PREPARATION

Authors are required to submit their manuscripts after reading 
the following instructions. Any manuscript that does not conform 
to the following requirements will be considered inappropriate 
and may be returned.

iiiwww.cisejournal.org



General Requirements
• All manuscripts should be written in English.
• The manuscript must be written using Microsoft Word and 

saved as “.doc” or “.docx” file format. The font size must be 12 
points. The body text must be left aligned, double spaced, and 
presented in one column. The left, right, and bottom margins 
must be 3 cm, but the top margin must be 3.5 cm.

• The page numbers must be indicated in Arabic numerals in the 
middle of the bottom margin, starting from the abstract page.

• Neither the authors’ names nor their affiliations should appear 
on the manuscript pages.

• Only standard abbreviations should be used. Abbreviations 
should be avoided in the title of the manuscript. Abbreviations 
should be spelled out when first used in the text and the use of 
abbreviations should be kept to a minimum.

• The names and locations (city, state, and country only) of manu-
facturers of equipment and non-generic drugs should be given.

• Authors should express all measurements in conventional units 
using International System (SI) units.

• P-value from statistical testing is expressed as capital P.

Reporting Guidelines for Specific Study Designs
For specific study designs, such as randomized control studies, 
studies of diagnostic accuracy, meta-analyses, observational stud-
ies, and non-randomized studies, authors are encouraged to con-
sult the reporting guidelines relevant to their specific research de-
sign. A good source of reporting guidelines is the EQUATOR 
Network (https://www.equator-network.org/) and NLM (https://
www.nlm.nih.gov/services/research_report_guide.html).

Composition of Manuscripts
•The manuscript types are divided into Original Article, Review 

Article, Case Report, and other types. There is no limit to the 
length of each manuscript; however, if unnecessarily long, the 
author may be penalized during the review process.

• Original Articles should be written in the following order: title 
page, abstract, keywords, main body (introduction, methods, 
results, discussion), acknowledgments (if necessary), references, 
tables, figure legends, and figures. The number of references is 
limited to 30.

• Review Articles should focus on a specific topic. Format of a re-
view article is not limited. Publication of these articles will be 
decided upon by the Editorial Board.

• Case Reports should be written in the following order: title page, 
abstract, keywords, main body (introduction, case report, discus-
sion), acknowledgments (if necessary), references, tables, figure 
legends, and figures. The number of references is limited to 10.

The Aabstract should not exceed 200 words, and must be writ-
ten as one unstructured paragraph. Authors are warned that these 
have a high rejection rate.
• Technical Notes should not exceed 1,500 words. The abstract 

should be an unstructured summary not exceeding 150 words. 
The body of these manuscripts should consist of introduction, 
technique, discussion, references, and figure legends and tables 
(if applicable). References should not exceed 10. A maximum of 
3 figures and 1 table are allowed.

• Current Concepts deal with most current trends and controver-
sies of a single topic in shoulder and elbow. Authors are recom-
mended to update all the knowledge to most recent studies and 
researches.

• Systemic Review examines published material on a clearly de-
scribed subject in a systematic way. There must be a description 
of how the evidence on this topic was tracked down, from what 
sources and with what inclusion and exclusion criteria.

• Meta-analysis: A systematic overview of studies that pools re-
sults of two or more studies to obtain an overall answer to a 
question or interest. Summarizes quantitatively the evidence re-
garding a treatment, procedure, or association.

• Letters to the Editor: The journal welcomes readers’ comments 
on articles published recently in the journal or orthopedic top-
ics of interest.

• Editorial is invited by the editors and should be commentaries 
on articles published recently in the journal. Editorial topics 
could include active areas of research, fresh insights, and de-
bates in the field of orthopedic surgery. Editorials should not 
exceed 1,000 words, excluding references, tables, and figures.

• Concise Review is short version of systemic review requested to 
submit in the journal by the Editorial board. Usually, previous 
papers regarding such topic were published by the main au-
thor(s).

• Special Reports/Expert Opinions (Level V studies) of various 
topics in shoulder and elbow can be submitted. They are limit-
ed to 2,700 words excluding references, tables, and figures.

Title Page
• The title page must include a title, the authors’ names and aca-

demic degrees (include ORCID*), affiliations, and correspond-
ing authors’ names and contact information. In addition, a run-
ning title must be written in English within up to 50 characters 
including spaces. The corresponding authors’ contact informa-
tion must include a name, addresses, e-mails, telephone num-
bers, and fax numbers.

• ORCID: We recommend that the open researcher and contribu-
tor ID (ORCID) of all authors be provided. To have an ORCID, 
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authors should register in the ORCID website: http://orcid.org/. 
Registration is free to every researcher in the world.

• If there are more than two authors, a comma must be placed be-
tween their names (with academic titles). Authors’ academic ti-
tles must be indicated after their names.

• The contributions of all authors must be described using the 
CRediT (https://www.casrai.org/credit.html) Taxonomy of au-
thor roles. All persons who have made substantial contribu-
tions, but who have not met the criteria for authorship, are ac-
knowledged here.

• All sources of funding applicable to the study should be stated 
here explicitly.

Abstract and Keywords
Each paper should start with an abstract not exceeding 250 words. 
The abstract should state the background, methods, results, and 
conclusions in each paragraph in a brief and coherent manner. 
Relevant numerical data should be included. Under the abstract, 
keywords should be inserted (maximum 5 words). Authors are 
recommended to use the MeSH database to find Medical Subject 
Heading Terms at http://www.nlm.nih.gov/mesh/meshhome.html. 
The abstract should be structured into the following sections.
• Background: The rationale, importance, or objective of the study 

should be described briefly and concisely in one to two sentenc-
es. The objective should be consistent with that stated in the In-
troduction.

• Methods: The procedures conducted to achieve the study objec-
tive should be described in detail, together with relevant details 
concerning how data were obtained and analyzed and how re-
search bias was adjusted.

• Results: The most important study results and analysis should be 
presented in a logical manner with specific experimental data.

• Conclusions: The conclusions derived from the results should be 
described in one to two sentences, and must match the study 
objective.

Guidelines for the Main Body
• All articles using clinical samples or data and those involving 

animals must include information on the IRB/IACUC approval 
or waiver and informed consent. An example is shown below. 
“We conducted this study in compliance with the principles of 
the Declaration of Helsinki. The study’s protocol was reviewed 
and approved by the Institutional Review Board of OO (IRB no. 
OO). Written informed consent was obtained / Informed con-
sent was waived.”

• Description of participants: Ensure the correct use of the terms 
“sex” (when reporting biological factors) and “gender” (identity, 

psychosocial, or cultural factors), and, unless inappropriate, re-
port the sex and/or gender of study participants, the sex of ani-
mals or cells, and describe the methods used to determine sex 
and gender. If the study was done involving an exclusive popu-
lation, for example, in only one sex, authors should justify why, 
except in obvious cases (e.g., ovarian cancer). Authors should 
define how they determined race or ethnicity and justify their 
relevance.

• Introduction: State the background or problem that led to the 
initiation of the study. Introduction is not a book review, rather 
it is best when the authors bring out controversies which create 
interest. Lead systematically to the hypothesis of the study, and 
finally, to a restatement of the study objective, which should 
match that in the Abstract. Do not include conclusions in the 
Introduction.

• Methods: Describe the study design (prospective or retrospec-
tive, inclusion and exclusion criteria, duration of the study) and 
the study population (demographics, length of follow-up). Ex-
planations of the experimental methods should be concise, but 
yet enable replication by a qualified investigator.

• Results: This section should include detailed reports on the data 
obtained during the study. All data in the text must be presented 
in a consistent manner throughout the manuscript. All issues 
which the authors brought up in the method section need to be 
in result section. Also it is preferred that data to be in figures or 
table rather than long list of numbers. Instead, numbers should 
be in tables or figures with key comment on the findings.

• Discussion: The first paragraph of the discussion should deal 
with the key point in this study. Do not start by article review or 
general comment on the study topic. In the Discussion, data 
should be interpreted to demonstrate whether they affirm or 
refute the original hypothesis. Discuss elements related to the 
purpose of the study and present the rationales that support the 
conclusion drawn by referring to relevant literature. Discussion 
needs some comparison of similar papers published previously, 
and discuss why your study is different or similar from those 
papers. Care should be taken to avoid information obtained 
from books, historical facts, and irrelevant information. A dis-
cussion of study weaknesses and limitations should be included 
in the last paragraph of the discussion. Lastly you must briefly 
state your new (or verified) view of the problem you outlined in 
the Introduction.

• References must be numbered with superscripts according to 
their quotation order. When more than two quotations of the 
same authors are indicated in the main body, a comma must be 
placed between a discontinuous set of numbers, whereas a dash 
must be placed between the first and last numerals of a contin-
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uous set of numbers: “Kim et al. [2,8,9] insisted…” and “How-
ever, Park et al. [11−14] showed opposing research results.”

• Figures and tables used in the main body must be indicated as 
“Fig.” and “Table.” For example, “Magnetic resonance imaging 
of the brain revealed… (Figs. 1−3).

Figures and Figure Legends
Figures should be cited in the text and are numbered using Arabic 
numbers in the order of their citation (e.g., Fig. 1). Figures are not 
embedded within the text. Each figure should be submitted as an 
individual file. Location of figure legends begins at the next page 
after last table. Every figure has its own legend. Abbreviation and 
additional information for any clarification should be described 
within each figure legend. Figure files are submitted in EPS, TIFF, 
or PDF formats. Requirement for minimum resolutions are de-
pendent on figure types. For line drawings, 1,200 dpi are required. 
For grey color works (i.e., picture of gel or blots), 600 dpi are re-
quired. For color or half-tone artworks, 300 dpi are required. The 
files are named by the figure number.
• Staining techniques used should be described. Photomicro-

graphs with no inset scale should have the magnification of the 
print in the legend.

• Papers containing unclear photographic prints may be rejected.
• Remove any writing that could identify a patient.
• Any illustrations previously published should be accompanied 

by the written consent of the copyright holder.

Tables
• Tables should be numbered sequentially with Arabic numerals 

in the order in which they are mentioned in the text.
• If an abbreviation is used in a table, it should be defined in a 

footnote below the table.
• Additional information for any clarification is designated for ci-

tation using alphabetical superscripts (a), b)…) or asterisks (*). 
Explanation for superscript citation should be done as following 
examples: a)Not tested. *P< 0.05, **P< 0.01, ***P< 0.001.

• Tables should be understandable and self-explanatory, without 
references to the text.

References
• The number of references is recommended to 30 for original ar-

ticle and 10 for case report and technical note.
• All references must be cited in the text. The number assigned to 

the reference citation is according to the first appearance in the 
manuscript. References in tables or figures are also numbered 
according to the appearance order. Reference number in the 
text, tables, and figures should in a bracket ([ ]).

• List names of all authors when six or fewer. When seven or 
more, list only the first three names and add et al.

• Authors should be listed by surname followed by initials.
• The journals should be abbreviated according to the style used 

in the list of journals indexed in the NLM Journal Catalog 
(http://www.ncbi.nlm.nih.gov/nlmcatalog/journals).

• The overlapped numerals between the first page and the last 
page must be omitted (e.g., 2025-6).

• References to unpublished material, such as personal communi-
cations and unpublished data, should be noted within the text 
and not cited in the References. Personal communications and 
unpublished data must include the individual’s name, location, 
and date of communication.

• Other types of references not described below should follow IC-
MJE Recommendations (https://www.nlm.nih.gov/bsd/uni-
form_requirements.html).

• Examples of references are as follows:

Journal article
1. Kim IB, Kim EY, Lim KP, Heo KS, Does the use of injectable 

atelocollagen during arthroscopic rotator cuff repair improve 
clinical and structural outcomes? Clin Shoulder Elbow 2019;22: 
183-9.

2. Kovacevic D, Fox AJ, Bedi A, et al. Calcium-phosphate matrix 
with or without TGF-β3 improves tendon-bone healing after 
rotator cuff repair. Am J Sports Med 2011;39:811-9.

3. Nord KD, Masterson JP, Mauck BM. Superior labrum anterior 
posterior (SLAP) repair using the Neviaser portal. Arthroscopy 
2004;20 Suppl 2:129-33.

4. Rohner E, Jacob B, Bohle S, et al. Sodium hypochlorite is more 
effective than chlorhexidine for eradication of bacterial biofilm 
of staphylococci and Pseudomonas aeruginosa. Knee Surg 
Sports Traumatol Arthrosc 2020 Feb 7 [Epub]. https://doi.org/ 
10.1007/s00167-020-05887-9

Book & book chapter
5. Iannotti JP, Williams Jr GR. Disorders of the shoulder: diagno-

sis & management. 2nd ed. Philadelphia, PA: Lippincott Wil-
liams & Wilkins; 2007. p. 66-80

6. Provencher MP, LeClere LE, Van Thiel GS, et al. Posterior in-
stability of the shoulder. In: Angelo RL, Esch JC, Ryu RK, eds. 
AANA advanced arthroscopy the shoulder. Philadelphia, PA: 
Saunders; 2010. p. 115-23.

Website
7. American Cancer Society. Cancer facts & figures 2020 [Inter-

net]. Atlanta, GA: American Cancer Society; c2020 [cited 2020 
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Feb 5]. Available from: https://www.cancer.org/research/can-
cer-facts-statistics/all-cancer-facts-figures/cancer-facts-fig-
ures-2020.html.

6. FINAL PREPARATION FOR PUBLICATION

Final Version
After the paper has been accepted for publication, the author(s) 
should submit the final version of the manuscript. The names and 
affiliations of the authors should be double-checked, and if the 
originally submitted image files were of poor resolution, higher 
resolution image files should be submitted at this time. Symbols 
(e.g., circles, triangles, squares), letters (e.g., words, abbreviations), 
and numbers should be large enough to be legible on reduction to 
the journal’s column widths. All symbols must be defined in the 
figure caption. If references, tables, or figures are moved, added, 
or deleted during the revision process, renumber them to reflect 
such changes so that all tables, references, and figures are cited in 
numeric order.

Manuscript Corrections
Before publication, the manuscript editor will correct the manu-
script such that it meets the standard publication format. The au-
thor(s) must respond within two days when the manuscript editor 
contacts the corresponding author for revisions. If the response is 
delayed, the manuscript’s publication may be postponed to the 

next issue.

Gallery Proof
The author(s) will receive the final version of the manuscript as a 
PDF file. Upon receipt, the author(s) must notify the editorial of-
fice (or printing office) of any errors found in the file within two 
days. Any errors found after this time are the responsibility of the 
author(s) and will have to be corrected as an erratum.

Errata and Corrigenda
To correct errors in published articles, the corresponding author 
should contact the journal’s Editorial Office with a detailed de-
scription of the proposed correction. Corrections that profoundly 
affect the interpretation or conclusions of the article will be re-
viewed by the editors. Corrections will be published as corrigenda 
(corrections of the author’s errors) or errata (corrections of the 
publisher’s errors) in a later issue of the journal.

7. ARTICLE PROCESSING CHARGES

There are no author fees required for manuscript processing and/
or publishing materials in the journal since all cost is supported 
by the publisher, the Korean Shoulder and Elbow Society until 
there is a policy change. Therefore, it is the so-called platinum 
open access journal.
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Author’s checklist

□  Manuscript in MS-WORD (.doc) format.

□  Double-spaced typing with 10-point font.

□  Sequence of title page, abstract and keywords, introduction, methods, results, discussion, conclusions, acknowledgments, references, 
tables, and figure legends. All pages and manuscript text with line should be numbered sequentially, starting from the abstract.

□  Title page with article title, authors’ full name(s) and affiliation(s), address for correspondence (including telephone number, e-mail 
address, and fax number), running title (less than 10 words), and acknowledgments, if any.

□  Abstract in structured format up to 250 words for original articles and in unstructured format up to 200 words for case reports. Key-
words (up to 5) from the MeSH list of Index Medicus.

□  All table and figure numbers are found in the text.

□  Figures as separate files, in JPG, GIF, or PPT format.

□  References listed in proper format. All references listed in the reference section are cited in the text and vice versa.

□  Covering letter signed by the corresponding author.

www.cisejournal.orgviii



Copyright transfer agreement

Clinics in Shoulder and Elbow requires a formal written Copyright Transfer Form of the author(s) for each article published. We therefore 
ask you to complete and return this form, retaining a copy for your records. Your cooperation is essential and appreciated. Publication 
cannot proceed without a signed copy of this agreement. If the manuscript is not published in Clinics in Shoulder and Elbow, this agree-
ment shall be null and void.

Copyright Transfer Agreement. I/we have read and agreed with the terms and conditions stated on this page of this agreement. I/we 
hereby confirm the transfer of all copyrights in and relating to the manuscript, in all forms and media of expression now known or devel-
oped in the future, including reprints, translations, photographic reproductions, microform, electronic form (offline, online) or any other 
reproductions of similar nature, to Korean Shoulder and Elbow Society, effective from the date stated below. I/we acknowledge that Ko-
rean Shoulder and Elbow Society are relying on this agreement in publishing the manuscript.

Manuscript Title:

Manuscript Number (if applicable):

Date:

All authors appearing in manuscript should be signed in order.

Each of the undersigned is an author of the manuscript and all authors are named on this document.

Print Name
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