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Background: Although everted bursal flaps of delaminated tears have been reported, few studies have reported radiologic
images, arthroscopic findings, and clinical results after repair.

Purpose: To compare the repair outcomes of everted delaminated tears with those of classic delaminated supraspinatus tears.

Study Design: Cohort study; Level of evidence, 3.

Methods: Among 153 patients who underwent arthroscopic rotator cuff repair for a delaminated supraspinatus tear, everted bursal
flap tears were observed in 24 patients upon arthroscopy (group A). Another 24 patients with classic delaminated supraspinatus
tears, matched for age and sex, were selected for group B. Magnetic resonance imaging (MRI) and ultrasonography were per-
formed preoperatively and postoperatively. Patients were evaluated using a visual analog scale (VAS) for pain as well as functional
scores (American Shoulder and Elbow Surgeons [ASES] score, Constant score, and University of California Los Angeles shoulder
score). Scores were compared preoperatively and at final follow-up (mean follow-up, 32 months).

Results: Patients in both groups A and B reported improved VAS and functional scores at the final follow-up. In group A,
preoperative VAS scores were higher and functional scores were poorer than in group B. Subacromial effusions with tendon
swelling on preoperative MRI were more common in group A. During follow-up ultrasonography, group A patients exhibited
persistent subacromial effusion. However, VAS scores at final follow-up were significantly better in group A (0.4 ± 0.7) than in
group B (1.6 ± 1.4) (P < .001), and ASES scores at final follow-up were better in group A (84.3 ± 4.3) than in group B (77.0 ±
10.2) (P ¼ .005).

Conclusion: Everted bursal flap delaminated tears were associated with higher VAS scores and poorer functional scores pre-
operatively. Although subacromial effusions were experienced by group A during the early postoperative period, clinical outcomes
at final follow-up were significantly better for everted delaminated tears compared with classic delaminated tears.
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The term delamination is used when horizontal cleavage is
seen in torn tendons.11 Previous studies have reported an
incidence of delaminated rotator cuff tear ranging from
38% to 82%.3,8 Delamination is mostly observed as a retrac-
tion of intratendinous fiber and a horizontal intrasubstance
tear. It is mainly found in chronic degenerative tears.9,24,26

Delamination is a concern because it is considered a neg-
ative prognostic factor after rotator cuff repair.16,25 In a
histologic study by Sonnabend et al,27 synovium-like cells
reportedly lined the delaminated layer, which could inter-
rupt tendon-to-bone healing after repair. Boileau et al3

showed that tendon healing was negatively affected when
the infraspinatus tendon was delaminated. However, Kim
et al13 reported a higher retear rate in nondelaminated
tears and proposed that delamination is not a negative
prognostic factor. Thus, delamination as a prognostic factor
cannot yet be determined.
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Although the term delamination is commonly used, it has
not been clearly defined.15 Various definitions are used, and
there is no standard classification depending on radiologic
images or arthroscopic findings.6,17 Recently, the “everted
type,” bursal-sided, partial-thickness tear was reported as
being associated with worse pain and range of motion (ROM)
preoperatively than a simple bursal-sided tear.14 However,
we did not find other studies on this topic.

The purpose of the current study was to compare everted
bursal-sided delaminated tears to classic delaminated
supraspinatus tears, from the preoperative period to early
and final follow-up after surgical repair. We also compared
the radiologic findings from diagnosis to follow-up. The
study hypothesis was that the clinical results after repair
of everted bursal flap delaminated tears would be better at
final follow-up, with a retear rate that is similar to classic
delaminated supraspinatus tears.

METHODS

Patient Enrollment

We retrospectively reviewed data from 153 consecutive
patients (from January 2012) with delaminated rotator cuff
tears confirmed using arthroscopy among 466 patients who
underwent arthroscopic cuff repair. All surgery was done at
a single university hospital by a senior surgeon (H.S.S.).
Among the included patients, we identified 24 patients
(5.2% of the cuff repairs; 15.7% of delaminated tears) with
an everted bursal flap delaminated tear observed upon
arthroscopy (group A). Of the remaining 129 patients with
classic delaminated rotator cuff tears, 24 patients matched
by age and sex were selected (group B). Exclusion criteria
were (1) combined proximal humeral fractures, (2) open
repair cases, (3) cases with follow-up <2 years, and (4)
Bankart lesions or superior and posterior labral repairs.
Of note, in the everted bursal flap group, “broccoli head–
like” torn surfaces were observed in 6 patients.

The study protocol was approved by an institutional
review board, which waived the requirement for informed
consent due to the retrospective nature of this study.

Clinical Assessment

Preoperative and final follow-up data were collected,
including information on duration of pain affecting sleep
and daily activities, trauma history, ROM for forward flex-
ion and internal rotation, and a visual analog scale (VAS)
for pain. For internal rotation at the back, we converted the
vertebral level to a number for convenience of statistical
analysis of internal rotation as follows: levels above T12
were numbered 5, levels T12 to L1 as 4, L2 to L3 as 3, L4
to L5 as 2, and levels below sacrum as 1.16,21 Also, func-
tional scores including American Shoulder and Elbow Sur-
geons (ASES) score, Constant shoulder score, and
University of California Los Angeles (UCLA) scores were
evaluated preoperatively and at final follow-up (minimum
follow-up of 2 years, mean follow-up 32 months).

Radiologic Assessment

Using plain radiographs of the shoulder in true anteropos-
terior views and caudal 30� tilting views, we assessed acro-
mial spurs and degenerative changes in the greater
tuberosity. Acromial spurs were categorized as heel type,
hat type, sclerotic, or minimal.1,14,23 The greater tuberosity
was categorized as normal (grade 0), exhibiting sclerosis
only (grade 1), exhibiting changes <2 mm (grade 2), or
exhibiting changes >2 mm (grade 3).5

Magnetic resonance imaging (MRI) and ultrasonography
were performed on all patients to assess the size and configu-
ration of the tears before surgery. The variables analyzed on
MRI were the presence of subacromial effusions and the thick-
ness of the involved tendon. Subacromial effusion was assessed
as focal or extending to the subdeltoid space (Figure 1). The

Figure 1. (A) Magnetic resonance image of the left shoulder of a 65-year-old woman showing a subacromial effusion (arrow)
extending into the subdeltoid space and the thickened torn edge (arrowheads) of an everted bursal flap tear. (B) Arthroscopic
image showing the torn surface (arrowheads) of the everted bursal flap tear.
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thickness of the involved tendon was measured as per the
method of Kim et al14 (Figure 2).

All patients underwent ultrasonography preoperatively,
at 2, 3, and 6 months postoperatively, and at final follow-up;
real-time images were obtained with a linear 1- to 15-MHz
transducer (Philips HD11 XE; Philips Medical Systems).
All ultrasound examinations were performed by the same
senior shoulder surgeon. Examinations were performed
with the patient sitting on a chair and the examiner stand-
ing behind the patient. To examine the repaired supraspi-
natus tendon, the patient’s shoulder was extended, the
elbow flexed, and the hand placed on the iliac wing (a mod-
ified Crass position), thus maximally exposing the supras-
pinatus tendon under the acromion.

The presence of subacromial effusions and retear of the
involved tendon were assessed at 2, 3, and 6 months post-
operatively and at final follow-up. The presence of subacro-
mial effusions and any gap in the repaired tendon was also
assessed. All radiologic measurements were assessed by 2
orthopaedic surgeons (H.S.K. and H.S.S.) and repeated at a
1-month interval. The intra- and interobserver reliabilities
were evaluated by calculating intraclass correlation coeffi-
cients (ICCs).

Surgical Procedure and Postoperative Protocol

All surgical procedures were performed with the
patient under general anesthesia and placed in the
beach-chair position. Through a standard arthroscopic
portal, the glenohumeral joint was examined. Proper
management such as debridement or repair was per-
formed for any subscapularis and labral lesions. For
biceps pathology, tenotomy or tenodesis was performed,
depending on the age and daily activities of the patient.
After articular lesions of the supraspinatus were exam-
ined, the arthroscope was moved to the subacromial
space. Acromioplasty was performed if a large or sharp
bony spur was observed after bursectomy.

Full inspection to the edge of the infraspinatus and
removal of the synovial lining were performed. In bursal
flap delaminated tears, the bursal-sided flap was found to
be everted and retracted in a superomedial direction.
Severely ragged margins were debrided. Particularly, bur-
sal flaps with multiple, round, pedunculated lesions resem-
bling broccoli heads were noted as a “broccoli-like sign”
(Figure 3). During debridement, we preserved as much
remnant cuff tendon as possible, to avoid the possibility of
leaving a defect after repair.

The footprint of the greater tuberosity was debrided
using a shaver, and light decortication was performed. In
the full-thickness tears, both layers were repaired. Double-
row repair (suture bridge technique) was performed. We
tried to repair the cuffs with minimal tension.

Figure 2. (A) Magnetic resonance image of the right shoulder of a 52-year-old woman showing how the thickness of the medial torn
edge (arrow heads) of an everted bursal flap tear is measured (arrow). See the online Supplemental Video showing the everted
bursal flap of delaminated tear in this patient. (B) Arthroscopic image showing the torn surface (arrowheads) of the everted bursal
flap tear. (C) Arthroscopic image showing the reduced bursal flap (arrowheads) to the footprint.

Figure 3. Arthroscopic image of the left shoulder of a 56-year-
old man showing a broccoli head–like torn surface (black
arrow) of the supraspinatus tendon.
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All patients were immobilized for 6 weeks in a shoul-
der abduction brace. Intermittent wrist and hand exer-
cises were encouraged immediately after surgery, and
elbow motion was permitted on the second day after the
operation. Pendulum exercises and passive forward
flexion were allowed at 4 weeks after surgery, and
active-assisted ROM exercises were allowed at 6 weeks
after surgery with weaning of the abduction brace.
Strengthening exercises were begun after 3 months
postoperatively.

Statistical Analysis

Wilcoxon signed rank-sum tests were used to assess pre- to
postoperative functional scores and ROM within groups A
and B, and the Mann-Whitney U test was used to compare
differences in functional scores, ROM, and tendon thick-
ness between groups A and B. The chi-square test with
linear-by-linear association was used to assess the sever-
ity and persistence of subacromial effusions on preopera-
tive MRI, ultrasonography, and follow-up
ultrasonography scans. The Spearman correlation analy-
sis was used to assess the correlation between the VAS
preoperatively and postoperatively. SPSS software (Ver-
sion 24.0; IBM Corp) was used for all statistical analyses.
The significance level for all analyses was set at P < .05.

RESULTS

Patient Demographics

The mean follow-up for the 48 study patients was 32
months. Mean symptom duration before surgery was 3.8
months in group A and 10.9 months in group B (Table 1).
The duration of aggravated pain before surgery differed
significantly between the 2 groups: 1.3 months in group A
and 6.0 months in group B (P ¼ .001).

In group A, partial-thickness tears were confirmed using
arthroscopy in 10 patients and full-thickness tears in 14
patients. In group B, partial-thickness tears were con-
firmed in 8 patients and full-thickness tears in 16 patients.
There were no statistical differences between the 2 groups
regarding repair of the subscapularis tendon and tenodesis
of the biceps tendon.

Clinical Assessment

A clinically and statistically significant improvement in
pain after surgery was seen in both groups. ASES, Con-
stant, and UCLA scores improved significantly after surgi-
cal repair in both groups (P < .001 for all). However,
preoperative pain and all functional scores were signifi-
cantly worse in group A; at final follow-up, VAS and all
functional scores were significantly better in group A
(Table 2). A subgroup analysis of patients with partial-
thickness tears showed no significant difference between
groups for postoperative VAS (P¼ .702) or functional scores
(P > .05). We found no significant difference in postopera-
tive ROM between the groups.

Radiologic Assessment

We observed 2 cases of retear in group A and 2 cases in
group B. On plain radiographs, heel-type acromial spurs
were observed in 10 patients in group A and 12 patients
in group B. Hat-type spurs were observed in 4 patients in
group A and 2 patients in group B. In all patients, there was
degeneration at a minimum level of sclerosis in the greater

TABLE 1
Patient Demographics by Group

Variable
Group A
(n ¼ 24)

Group B
(n ¼ 24) P Value

Mean age, y 62.0 62.3 .877
Sex >.99

Male 11 (45) 11 (45)
Female 13 (55) 13 (55)

Dominant arm involved 16 (67) 18 (75) .525
Mean symptom duration, mo

Total 3.8 10.9 .257
Aggravated 1.3 6.0 .001

Thickness .551
Partial 10 (42) 8 (33)
Full 14 (58) 16 (67)

Trauma history .871
Major 7 (29) 6 (25)
Minor 2 (8) 3 (12)
None 15 (63) 15 (63)

Sports .806
Contact, throwing 2 (8) 1 (4)
Swimming, fitness 4 (17) 5 (21)
Never 18 (75) 18 (75)

Other pathologies .812
Subscapularis tears 2 (8) 2 (8)
Tenodesis of biceps 3 (12) 2 (8)

aValues are reported as n (%) unless otherwise indicated.
Bolded P value indicates statistically significant difference
between groups (P < .05).

TABLE 2
Functional Scores by Groupa

Variable Group A (n ¼ 24) Group B (n ¼ 24) P Value

Preoperative
VAS pain 7.1 ± 1.6 4.6 ± 1.7 <.001
ASES 39.5 ± 13.9 61.0 ± 15.4 <.001
Constant 56.1 ± 14.4 67.5 ± 15.3 .014
UCLA 17.7 ± 5.1 21.5 ± 6.1 .032

Postoperative
VAS pain 0.4 ± 0.7 1.6 ± 1.4 <.001
ASES 84.3 ± 4.3 77.0 ± 10.2 .005
Constant 82.6 ± 5.0 75.5 ± 6.3 <.001
UCLA 29.9 ± 2.1 27.8 ± 2.0 .002

aValues are reported as mean ± SD. Bolded P values indicate
statistically significant difference between groups (P< .05). ASES,
American Shoulder and Elbow Surgeons; Constant, Constant
shoulder score; UCLA, University of California Los Angeles; VAS,
visual analog scale.
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tuberosity. The acromial spur type and degenerative grade
of the greater tuberosity associated with each patient were
categorized. There was no difference between 2 groups.

The ICC for intra- and interobserver reliabilities was
0.825, which indicated good reliability.

On preoperative MRI, the thickness of the supraspinatus
tendon was significantly greater in group A (P < .001)
(Table 3). Additionally, significantly more group A patients
experienced subacromial effusions compared with group B
patients (P ¼ .004). On preoperative ultrasonography, a
higher incidence of subacromial effusions was observed in
group A (P ¼ .002). In both groups, regression of subacro-
mial effusions was observed during the follow-up period
(Table 4). Although not significant at 2 months postopera-
tively, group A had a significantly higher incidence of sub-
acromial effusions at 3 and 6 months postoperatively
(P ¼ .026 and P ¼ .013, respectively).

DISCUSSION

The major finding of this study that was patients with
everted bursal flap delaminated tears had better outcomes
at final follow-up than patients with classic delaminated
tears. There was no difference in the retear rate. During
the follow-up ultrasound, persistent subacromial effusions
were observed in group A.

The patients with everted bursal flap delaminated tears
(group A) had worse clinical symptoms preoperatively com-
pared with those with classic delaminated tears (group B).
This result was consistent with that reported by Kim
et al,14 although that study analyzed only partial-
thickness rotator cuff tears. Contrary to the study by Kim
et al,14 which reported no significant differences in the final
clinical outcomes between everted and simple (classic dela-
minated) tears, the current study included the full-
thickness tears and showed that functional scores at final
follow-up were better in group A. Although we can not

explain the reason why the functional scores at final
follow-up were better in group A, we hypothesize that the
preserved folded flap could make it easy to perform a repair
with less tension in group A.

The total duration of symptoms was not significantly dif-
ferent between the study groups. However, the duration of
aggravated symptoms was significantly shorter in group A.
Preoperative VAS scores were worse in group A. We
hypothesize that when the delaminated flap becomes
everted, the pain worsens, resulting in patients deciding
to undergo surgery earlier. Many studies have revealed
that early repair of acutely aggravated tears is associated
with significantly improved clinical outcomes.4,7,12,19 In
this study, symptom duration of group A was only 1.3
months, which was significantly shorter than that of group
B (average, 6.0 months; P ¼ .001) (Table 1).

More severe subacromial effusions were observed in
group A on preoperative MRI and follow-up ultrasound
performed at 2, 3, and 6 months postoperatively. A
subacromial effusion is a clinical finding representative of
inflammation of the bursal tissue and rotator cuff
tendons.20 It is also related to subacromial mechanical
impingement and irritation, resulting in bursal-sided
tears.30,31 However, in the radiologic images at final
follow-up, we saw few incidences of subacromial effusions
in cases with no retears (Figure 4). We hypothesize that as
degenerated tendon healed, inflammation decreased and
subacromial effusions decreased.

In the only previous report about everted delaminated
tears, Kim et al14 concluded that these type of tears are
associated with a hat-type (52%) and a heel-type acromial
spur (48%). In this study, we did not find significant differ-
ences between groups with respect to presence of acromial
spurs and degeneration in the greater tuberosity. Subacro-
mial spurs are related to impingement, and their associa-
tion with rotator cuff tears has been reported in many
studies.2,18,28 Ogawa et al22 emphasized that large spurs
(>5 mm) have a diagnostic value for bursal-sided and full-
thickness tears. Tucker and Snyder29 described an

TABLE 3
Comparison of Preoperative Radiologic Findingsa

Variable
Group A
(n ¼ 24)

Group B
(n ¼ 24)

P
Value

MRI
SA effusion .004

None 1 (4) 8 (33)
Focal 12 (50) 12 (50)
Subdeltoid 11 (46) 4 (17)

Tendon thickness, mm,
mean ± SD

9.1 ± 2.3 6.6 ± 1.5 <.001

Ultrasonography
SA effusion .002

None 4 (17) 15 (63)
Focal 13 (54) 7 (29)
Subdeltoid 7 (29) 2 (8)

aValues are reported as n (%) unless otherwise indicated.
Bolded P values indicate statistically significant difference
between groups (P < .05). MRI, magnetic resonance imaging;
SA, subacromial.

TABLE 4
Subacromial Effusion Observed

During Follow-up Ultrasonographya

Variable Group A (n ¼ 24) Group B (n ¼ 24) P Value

2 months .084
None 7 (29) 11 (46)
Focal 12 (50) 12 (50)
Subdeltoid 5 (21) 1 (4)

3 months .026
None 9 (37) 15 (63)
Focal 11 (46) 9 (37)
Subdeltoid 4 (17) 0 (0)

6 months .013
None 12 (50) 20 (83)
Focal 11 (46) 4 (17)
Subdeltoid 1 (4) 0 (0)

aValues are reported as n (%). Bolded P values indicate statis-
tically significant difference between groups (P < .05).

The Orthopaedic Journal of Sports Medicine Everted Bursal Flap of Delaminated Tear 5



“acromial keel spur,” which is a downward-sloping spur on
the acromial undersurface. They reported that keel spurs
were related to bursal-sided and full-thickness tears. The
progression of degeneration and the enlargement of spur
size are related to the degree and size of the torn rotator
cuff.5,10 To our knowledge, there are few studies on the
relationship between acromial spurs and delaminated rota-
tor cuff tears.

The torn tendon was observed to be significantly thicker
in group A on preoperative MRI, because the everted torn
flap was folded medially. This is in agreement with Kim
et al,14 who reported that the folded tendons in everted
bursal-sided partial-thickness tears were thickened com-
pared with those in simple tears (classic delaminated
tears). Therefore, the swollen edge of the everted bursal
flap of the supraspinatus tendon and marked subacromial
effusion observed on preoperative MRI are diagnostic clues
for an everted bursal flap delaminated tear. Although the
everted bursal flap can be visualized on preoperative ultra-
sound, the identifiable portion of the supraspinatus would
be limited in some cases in spite of the modified Crass
position.

We suggest that the broccoli head–like tear is a variant of
the everted bursal flap delaminated tear. Although the
broccoli head tear looks worse, we found no significant dif-
ferences in preoperative radiologic findings and postopera-
tive functional scores in patients with these tears as
observed using arthroscopy. The tears did not seem to be
associated with symptom severity or repair outcomes; how-
ever, only a small number of cases were observed. Never-
theless, this broccoli head–like torn surface can be
indicative of an everted bursal flap. When this type of sur-
face is seen, we recommend that less extensive debridement
of the torn edge be performed so as not to leave a defect in
the repaired tendon.

Limitations

This study has some limitations. First, it was a retrospec-
tive study with a relatively small sample size. Second, only
age and sex were matched between groups. Other variables
(eg, full vs partial-thickness tear, associated pathologies)
were not matched, which may have caused selection bias.

Figure 4. Serial follow-up MRI scans of the right shoulder of a 58-year-old woman. (A) Preoperative MRI scan taken at 10 months
earlier showing a mild grade partial-thickness tear (arrow). (B) Preoperative MRI scan taken on the day before surgery showing a
progressed everted tear (arrow). (C) Arthroscopic image showing the everted bursal flap of the supraspinatus (arrow). (D) MRI scan
taken at 10 months postoperatively showing little subacromial effusion over the repaired tendon.
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Third, the final follow-up period was relatively short (mean
follow-up, 32 months).

We believe that this study contains meaningful clinical
information on everted bursal-sided flap delaminated
tears. To our knowledge, this was the first study to focus
on clinical and structural outcomes of the repair of everted
bursal-sided flap delamination compared with those of
classic delaminated tears. Additionally, we present a
diagnostic clue: the presence or absence of a broccoli
head–like surface, with its presence being indicative of
everted bursal-sided flap delamination.

CONCLUSION

Everted bursal flap delaminated tears were associated with
higher VAS scores and poorer functional scores preopera-
tively compared with classic delaminated tears. Although
subacromial effusion occurred during the early postopera-
tive period, clinical outcomes were better in repaired
everted delaminated tears at final follow-up.
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