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Superior labrum anterior posterior (SLAP) lesion 
describes a tear of the superior labrum that extends 
from anterior to posterior.[1] In type II SLAP lesions, 
superior labrum and biceps anchor are detached 
from the superior glenoid.[2] Of the various subtypes, 
type II SLAP lesions remain as the most common type 
of SLAP lesions, comprising 55% of all diagnosed 
lesions.[2] 

There is still controversy in the management of 
SLAP lesions in the literature. Treatment options 
for type II SLAP lesions include nonoperative or 
operative treatment.[3] Generally, nonoperative 
treatment is initially preferred in patients with 
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SLAP lesions. According to studies in the literature, 
50-70% of patients with SLAP lesions were found to 
respond to nonoperative treatment with significant 
improvement in pain and function. Operative 
treatment was required in patients due to failure 
of nonoperative treatment.[4-6] Operative treatment 
methods of SLAP lesions are labrum repair, biceps 
tenotomy, biceps tenodesis, or a combination of these 
treatments. After the operative treatment, returning 
to previous activity level, patient's satisfaction rate, 
and revision rate differ in various studies in the 
literature.[7,8]

It is recommended to consider the age, sex, 
functional requirements, the level of sporting 
activity, type of the lesion, and accompanying lesions 
in the treatment of SLAP lesions.[9,10] Histological 
evaluation of the joint capsule and synovium has 
not been previously taken into consideration in 
treatment planning of patients with type II SLAP 
lesions. Accordingly, the hypothesis of this study 
is that pathologic histological changes in the joint 
capsule and synovium may complicate the progress 
of postoperative rehabilitation program and pain 
management. Inadequate pain management and 
physiotherapy could adversely affect treatment 
results of type II SLAP lesions. Therefore, in this study, 
we aimed to examine the joint capsule and synovium 
histologically to determine the correlation between 
histopathological findings and postoperative clinical 
outcomes in patients with isolated type II SLAP 
lesions.

PATIENTS AND METHODS

This prospective study included 38 patients 
(24 males, 14 females; mean age 53.2±6.6 years; 
range, 45 to 67 years) with isolated SLAP II lesions 
who did not respond to nonoperative treatment and 
underwent arthroscopic management at the Ankara 
Numune Training and Research Hospital between 
June 2017 and September 2018. A written informed 
consent was obtained from each patient. The study 
protocol was approved by the Ankara Numune 
Training and Research Hospital Ethics Committee 
(No: E-17-1478, Date: July 12, 2017). The study was 
conducted in accordance with the principles of the 
Declaration of Helsinki.

Patients with previous shoulder and cervical 
region operations, rotator cuff tears requiring surgery, 
acromioclavicular joint degeneration, Bankart lesion, 
an extension of the labral tear into the anterior-
inferior location, subacromial impingement requiring 
decompression and acromioplasty, other SLAP lesions, 
clinically frozen shoulder symptoms according to 

Codman criteria (restricted elevation to ≤100°, passive 
external rotation ≤50% of the normal), and patients 
with a history of systemic inflammatory or metabolic 
disease that may affect soft tissues were excluded from 
the study. Patients treated only by biceps tenotomy for 
type II SLAP lesion were included. Patients treated 
with other methods were also excluded.

All patients were examined by the same 
operating orthopedic surgeon. Medical history and 
physical examination were performed in all patients. 
Visual analog scale (VAS), Simple Shoulder Test 
(SST), and American Shoulder and Elbow Surgeons 
(ASES) scores of all patients were recorded and all 
had shoulder radiograms and magnetic resonance 
imaging sections.

Shoulder function was evaluated with SST and 
ASES scores, and pain in the shoulder was evaluated 
with the VAS score. The evaluations were performed 
and documented preoperatively and at the 6th and 12th 
months by the same orthopedic surgeon.

The shoulder arthroscopies of the patients were 
performed on a beach chair position with standard 
portals. Isolated type II SLAP lesion diagnosis 
was confirmed by initial diagnostic arthroscopy. 
Biceps tendon was cut at biceps labral complex 
junction of the glenoid labrum. An arthroscopic 
radiofrequency device was used for this surgical 
intervention. Afterwards, labrum was debrided and 
fraying tissues were removed. Two biopsy samples 
nearly 2¥2 mm in dimensions including joint capsule 
and synovium were harvested from the rotator 
interval by arthroscopy punch. Biopsy samples were 
evaluated histopathologically, histochemically and 
immunohistochemically by the same pathologist. 
Pathologist evaluated the density of vessels, amount 
of collagen and quantity of lymphocytes, fibroblasts, 
mast cells, myofibroblasts, synovial lining cells, 
macrophages in the capsule and synovium.

We observed during arthroscopy that some 
patients had increased vascularity in the synovium 
while some had normal-appearing synovium in the 
rotator interval (Figure 1). Thinking that increased 
vascularity can be a predictor of pathologic changes, 
we grouped them according to the density of vessels 
in the biopsy specimens as group 1 (patients whose 
density of vessels were low or medium, n=14) and 
group 2 (patients whose density of vessels were high, 
n=24).

After the operation, an abduction sling was used 
for three weeks in all patients. Elbow, wrist, and hand 
range of motion (ROM) exercises were started in the 
immediate postoperative period. Scapular retraction 
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exercises were also started after the operation. 
At second-third weeks, gentle pendulum exercises 
and gentle shoulder active assistive ROM exercises 
were initiated. After the postoperative third week, 
active assistive ROM and isometric strengthening 
exercises were started under the supervision of the 
physiotherapists.

The biopsy materials were fixed in 10% buffered 
formalin and embedded in paraffin. The paraffin 
blocks were cut into 3 µm sections and one slide 
of each case was stained with hematoxylin and 
eosin (H-E). Remaining slides were stained 
histochemically with toluidine blue and Masson’s 
trichrome and smooth muscle actin (SMA), cluster 

(a) (b)

FIGURE 1. Arthroscopic view of joint synovium in rotator interval with (a) normal vascularity and 
(b) increased vascularity.

(a)

(c)

(b)

(d)

FIGURE 2. (a) Marked fibroblastic proliferation with little intervening collagenous stroma, 
hematoxylin and eosin (H-E) staining ¥200. (b) Only a few cases showed groups of lymphoid 
cells in the H-E ¥100, (c) Mast cells in subsynovial connective tissue, toluidine blue ¥400, (d) 
The lack of SMA expression in proliferating mesenchymal cells indicates that these cells are not 
myofibroblasts but fibroblasts ¥100.
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of differentiation (CD) 68, and CD34 were performed 
immunohistochemically. All slides were evaluated 
by one pathologist blindly.

The number of cells was calculated in 1 mm2 
area where they reached the highest density. 
Lymphocytes and fibroblasts were counted in H-E 
stained slides and toluidine blue stain revealed 
mast cells in the stroma. SMA was performed 
essentially to evaluate the myofibroblasts in this 
study, but it also stains the smooth muscle cells in 
the vessel walls (Figure 2). The vessel density was 
primarily assessed by using CD34, an endothelial 
marker, immunohistochemically (Figure 3). CD34 
also stains hematopoietic progenitor cells and some 
mesenchymal cells. In our study we observed that 
pre-existing subsynovial mesenchymal cells but not 
proliferating fibroblasts express CD34 as well. CD68 
identified synovial lining cells and macrophages in 
subsynovial stroma (Figure 4).

The amount of collagen was evaluated in 
Masson trichrome stain and graded by using the 
semiquantitative scale: grade 1: little amount of 
collagen, grade 2: moderate amount of collagen, and 
grade 3: dense collagen.

The immunohistochemical (IHC) staining was 
performed in an automated staining system (Leica 
Bond Max, Leica Biosystems, Newcastle, United 
Kingdom) using optimized IHC parameters. The 
sections were baked and dewaxed in the Leica 
system.

All antibodies were detected with the Leica 
Bond Polymer detection kit (DS9800 Leica 
Biosystems, Newcastle, United Kingdom), including 
diaminobenzidine reaction to detect the antibody 
labeling and hematoxylin counterstaining. Negative 
and positive controls were used as recommended by 
the manufacturer.

Statistical analysis

Statistical analyses were performed using the IBM 
SPSS statistics 22.0 software (IBM Corp., Armonk, 
NY, USA). Descriptive statistics for the numerical 
variables were expressed as the mean ± standard 
deviation (SD).

In the normality analysis, nonparametric test 
procedures were performed since the values did not 
show normal distribution using the Shapiro-Wilk 
test. The Mann-Whitney U test, a nonparametric 
alternative to the two-sample independent t-test, 
was used to determine the relationships between 
parameters. In the analysis of categorical data, chi-
square test was used. The results were evaluated 

(a)

(b)

(c)

FIGURE 3. (a) CD 34 stain in a case with high vessel 
density. There is lack of expression in proliferating fibroblasts 
and also in the subsynovial stromal cells in this case ¥40. 
(b) A case with weak to moderate expression of CD34 in 
subsynovial stromal cells, whereas proliferating fibroblasts 
were completely negative ¥40. (c) Another case with strong 
CD34 expression in endothelial cells of the vessels and in the 
preexisting subsynovial stromal cells ¥100.
CD: Cluster of differentiation.
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within the 95% confidence interval and p<0.05 was 
considered as statistically significant.

RESULTS

The demographic values of groups 1 and 2 were 
compared (Table I). The mean age of the patients 
was 50.1±5.5 years in group 1 and 55.0±6.6 years in 
group 2. None of the patients included in the study 
were professional athletes or overhead athletes. The 
distribution of the density of vessels was shown 
in Table II. The pre- and postoperative 6th and 12th 
month VAS, SST, and ASES scores were given in 
Table III.

The preoperative VAS score was significantly 
higher in group 2 (p=0.043). In both groups, VAS 
scores improved from preoperative score compared 
with 12th month follow-up. In group 1, mean VAS 
score improved by 7.4 points, from 7.7 to 0.3 points. In 

group 2, mean VAS score improved by 7.7 points, from 
8.4 to 0.7 points. There was no statistically significant 
difference in postoperative 6th and 12th month VAS 
score between the groups (Table III, Figure 5).

In both groups, functional outcomes (ASES 
and SST) were improved from preoperative score 
compared with 12th month follow-up. Mean ASES 
score improved by 73.5 points, from 16.5 to 90 points 
in group 1, and by 71.5 points, from 16 to 87.5 points in 
group 2. Mean SST score improved by 7.5 points, from 
2.9 to 10.4 points in group 1 and by 7.4 points, from 
2.6 to 10 points in group 2. There was no statistically 
significant difference in preoperative SST and ASES 
scores and postoperative 12th month SST and ASES 
scores between the groups (Table III, Figures 6 and 7). 

Histopathological evaluation revealed that 
lymphocytes, fibroblasts, mast cells, myofibroblast, 
synovial lining cells, macrophages, and amount 
of collagen were significantly higher in group 2 
(p<0.05) (Tables IV and V). We accepted the increased 
inflammatory cell count, synovial cell count, 
increased amount of collagen, and vascularity as 
pathologic histological findings in the joint capsule 
and synovium in group 2.

FIGURE 4. (a) Masson’s trichrome stain showing dense collagenous stroma (grade 3) in a case 
with mild fibroblastic proliferation. ¥100. (b) CD68 positivity in synovial cells and macrophages of 
same case ¥100.
CD: Cluster of differentiation.

(a) (b)

TAbLE I
Demographic data of patients

Group 1 (n=14) Group 2 (n=24)

n Mean±SD n Mean±SD p

Age (year) 50.1±5.5 55.0±6.6 0.014*

Side

Right

Left

6

8

14

10

0.357

ASA score 1.6±0.5 1.9±0.6 0.052

Sex

Male

Female

11

3

13

11

0.132

SD: Standard deviation; ASA: The American Society of Anesthesiologists; 
* p<0.05: Statistically significant difference

TAbLE II
Distribution of patients according to CD34 (vessel density)

Low Medium High

n n n

CD34

Group 1 (n=14) 12 2

Group 2 (n=24) 24

CD: Cluster of differentiation.
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All patients in group 1 and 19 patients 
in group 2 were able to finalize the planned 
rehabilitation program. In five patients in group 2, 
physiotherapy had to be interrupted at postoperative 
third-fourth weeks due to severe pain. These patients 
received intraarticular corticosteroid injection, anti-
inflammatory medication, and immobilization 
therapy. After about a week of pain control, these 
patients could be re-rehabilitated. The active ROM 
and isometric strengthening phase of rehabilitation 
were achieved by a meticulous and long-duration 
rehabilitation program. The home rehabilitation 
program was applied from the 12th week to the sixth 
month.

Shoulder stiffness developed in one patient in 
group 2 (4.1%). In this patient, algologist performed 
intraarticular injections of combined analgesics and 
corticosteroids. Also, ROM exercises were performed 

TAbLE III
Comparison of pre- and postoperative test results

Group 1 (n=14) Group 2 (n=24)

Mean±SD Mean±SD p

Preoperative VAS 7.7±1.0 8.4±1.1 0.043*

SST 2.9±0.9 2.6±1.4 0.441

ASES 16.5±7.0 16.0±12.0 0.377

Postoperative 6th month VAS 0.8±1.1 1.1±2.0 0.731

SST 8.9±0.6 8.2±0.9 0.008*

ASES 85.4±3.9 83.2±11.9 0.493

Postoperative 12th month VAS 0.3±0.5 0.7±2.1 0.849

SST 10.4±0.5 10.0±0.9 0.117

ASES 90.1±4.4 87.6±13.2 0.951

SD: Standard deviation; VAS: Visual analog scale; SST: Simple Shoulder Test; ASES: American Shoulder 
and Elbow Surgeons; * p<0.05: Statistically significant difference.

Preoperative Postoperative 
6th month

Postoperative 
12th month

Group 1 Group 2

FIGURE 5. Preoperative, postoperative sixth month, and 
postoperative 12th month visual analog scale scores of study 
groups.
VAS: Visual analog scale.
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with manual therapy by a physiotherapist. However, 
the patient did not respond to pain treatment and 
physiotherapy. At the postoperative sixth month, 
arthroscopic rotator interval release and coracoplasty 
were applied due to shoulder stiffness. Complete 
improvement was observed in this patient by applying 
various physiotherapy modalities for up to six months.

DISCUSSION

The most important finding of this study is that 
if patients with type II SLAP lesions also have 
pathologic histological changes in the synovium and 
capsule, they may have difficulty in gaining ROM 
and pain relief during the postoperative rehabilitation 
period. In our opinion, this group of patients has two 
pathologies that need to be treated simultaneously: 
the type II SLAP lesion and the pathologic histological 
changes in the synovium and joint capsule.

Nonoperative treatment is often proposed 
initially in patients with SLAP lesions. According 
to the literature, significant improvements in pain, 
function, and quality of life are achieved in 50-70% 
of patients with nonoperative management.[4,5]

Operative treatment is proposed for patients 
in whom pain relief and return to previous level 
of activity cannot be attained with nonoperative 
treatment. Various methods including arthroscopic 
SLAP repair, SLAP repair and biceps tenodesis, or 
only biceps tenotomy has been used in the surgical 

treatment of these injuries. Successful treatment 
results, patient satisfaction rate, and return to 
previous level of activity vary in publications in the 
literature. Gorantla et al.,[11] in their systemic review 
including 12 studies, concluded that after type II 
SLAP repair, the percentage of good and excellent 
results ranged from 40 to 94%. Return to previous 
level of play ranged from 20 to 94%. Provencher 
et al.[8] evaluated the results of 179 patients with 
type II SLAP lesions who had arthroscopic SLAP 
repair. In their series, return to the previous activity 
level was limited: 37% of patients had a failure, 
with a 28% revision rate. Age greater than 36 years 
was associated with a higher chance of failure.[8] 
Tenodesis is generally recommended to treat SLAP 
lesions with obvious associated biceps pathology 
including partial tears of the biceps tendon and 
macroscopic evidence of tendinosis.[12] Boileau et 
al.[7] compared outcomes of biceps tenodesis with 
SLAP repair in 25 patients. They concluded that in 
the repair group, 40% of the patients were satisfied, 
and 20% of them were able to return to their previous 
level of sports participation. In the tenodesis group, 
93% of the patients were satisfied and 87% returned 
to their previous level of sports participation. 
Biceps tenotomy is generally considered for older, 
sedentary patients with less need for functional 
biceps strength. In the literature, studies about 
clinical results of isolated biceps tenotomy in the 
treatment of type II SLAP lesions are limited. 
Ren et al.[13] assessed eight studies in their meta-
analysis. They concluded that arthroscopic biceps 
tenotomy and tenodesis treatment provides better 
clinical outcome in ASES score and satisfaction 
rate and comparable complications compared 
with arthroscopic repair treatment. According to 
these studies, we may claim that patients with 
type II SLAP lesions may not have significant 
improvements in pain, function, and quality of 
life after operative treatment although different 
surgical methods are used for the patient.

Our hypothesis was that the presence of 
histopathological changes in joint synovium and 
capsule could affect final results of operative treatment 

TAbLE IV
Comparison of amount of collagen between study groups

Group 1 
(n=14)

Group 2 
(n=24)

n n p*

Amount of collagen

Little 12 5

0.000Moderate 2 10

Dense 9

* p<0.05: Statistically significant difference; Pearson chi-square test.

TAbLE V
Comparison of inflammation, vascular proliferation, fibroblast proliferation, CD68 

(synovial lining cell), and mast cells between study groups

INF VP FP CD68 MAST

Mann-Whitney U 31,000 83,000 25,000 54,000 64,500

p* 0.000 0.010 0.000 0.001 0.002

CD68: Cluster of differentiation 68; INF: Inflammation; VP: Vascular proliferation; FP: Fibroblast proliferation; MAST: Mast 
cell; * p<0.05: Statistically significant difference; Mann-Whitney U test.
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by complicating rehabilitation program and pain 
control in the postoperative period.

Normal synovial tissue is characterized by a 
surface layer of cells, below a loose connective tissue 
which contains fibroblasts, macrophages, adipocytes, 
mast cells, nerve fibers, vascular endothelial cells, 
polymorphs and lymphocytes.[14] Wechalekar and 
Smith[15] state that inflammatory diseases are 
characterized by thickening of the synovial lining, 
macrophage recruitment, fibroblast proliferation, 
and an influx of inflammatory cells including 
lymphocytes, monocytes and plasma cells. In the 
present study, the histopathological findings of group 
2 are in accordance with the study of Wechalekar and 
Smith.15] Indicating that inflammated synovium and 
capsule may cause pain and restrict joint movements 
as in the inflammatory diseases.

In our study, all patients in group 1 completed 
the planned rehabilitation program. In group 2, 
rehabilitation programs of five patients were 
interrupted due to pain and trouble in performing 
ROM exercises. Meticulous, gentle, and long-
duration rehabilitation programs with various 
physical therapy modalities were applied under the 
supervision of experienced physiotherapists. Anti-
inflammatory and analgesic treatment was regulated 
by an algologist. With this customized physiotherapy, 
four patients recovered in three months. However, 
one patient had arthroscopic release and coracoplasty 
at sixth month for treatment of shoulder stiffness. In 
the 12th month control, ASES, VAS, and SST scores 
were similar in groups 1 and 2.

Increased vascularity in the synovium of the 
rotator interval is macroscopically visible and could 
be observed during artroscopic surgery (Figure 1). All 
patients with high vessel density had histopathological 
findings in the synovium and capsule (group 2). 
Five of the 24 patients in this group had trouble in 
gaining ROM and pain relief during postoperative 
rehabilitation period. Customized and long-duration 
physiotherapy was required for recovery. We think 
that the increased vascularity in the synovium of 
the rotator interval is an important arthroscopic 
finding that has to be considered in the regulation 
of the postoperative rehabilitation program. We 
recommend taking biopsy from synovium and joint 
capsule for histological evaluation if the surgeon is 
doubtful about the vascular density of the synovium 
during arthroscopic surgery.

The limitations of this study were the low number 
of patients, the evaluation of patients treated with 
only biceps tenotomy, and their implementation 

in a single center. The power of this study is 
histopathological evaluation of the shoulder joint 
capsule and synovium in patients with type II SLAP 
lesion. To the best of our knowledge, this is the first 
study mentioning the effect of pathologic histological 
changes in the joint synovium and capsule on the 
treatment outcomes.

In conclusion, there is a correlation between 
histopathological findings of joint capsule and 
synovium, and postoperative clinical outcomes and 
treatment in patients with isolated type II SLAP 
lesions. These patients need anti-inflammatory 
and analgesic treatment for pain control and long-
duration customized rehabilitation program after 
arthroscopic surgery for better shoulder function 
recovery and prevention of shoulder stiffness.
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