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Abstract
Purpose  To critically review the available literature on the usage of biologics to treat cartilage and tendon injuries of the 
shoulder.
Methods  Four different databases were searched in January 2020 for studies reporting data on bone marrow stimulation, 
autologous chondrocyte implantation, platelet-rich plasma, autologous concentrated serum, and bone marrow aspirate concen-
trate for the treatment of cartilage and/or tendon injuries of the shoulder. Prospective, retrospective, cohort and case–control 
studies as well as case series, systematic reviews and laboratory studies (involving human tissue) were included. Cadaveric 
or animal studies were excluded. Findings were summarized and an expert opinion on trends was provided.
Results  Although there is limited literature available on biologics in cartilage lesions of the shoulder, the advancement 
from micro- to nanofracture, that is well established for the treatment of cartilage lesions in the knee, may be the next step 
in the treatment of shoulder lesions as well. The high rate of failure and therefore the complexity of tendon healing fol-
lowing rotator cuff repair has led to a rising interest in biologic augmentation such as platelet-rich plasma and stem cells 
to enhance tendon-bone-healing and to decrease the prevalence of failure. Despite the increase in publications, there exists 
a huge heterogeneity of content, quality, and quantity of among studies and their processing methods reporting the use of 
platelet-rich plasma in rotator cuff repair.
Conclusion  Conclusions from individual studies cannot be generalized. Currently, no evidence supports that platelet-rich 
plasma provides clinical benefits in rotator cuff repair. Similar is reported for microfracture in rotator cuff repair, however, 
despite no clinical benefits, microfracture has shown to reduce the appearance of structural failures. Although some evidence 
exists for the use of stem cells form bone marrow aspirate concentrate, results from large case series are still lacking.
Level of evidence  Level V.
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Introduction

For many joint injuries, biomechanical aspects such as pri-
mary stability of repairs and close to anatomy reconstructive 
techniques were in the spotlight of researchers over decades. 

Impressive technical innovations were introduced in mini-
mal invasive shoulder surgery, but tissue healing remains the 
limiting factor for further increase of clinical and structural 
results.

The joint’s function mainly relies on intact soft tissue 
structures that allow a well co-ordinated transmission of 
muscle power and guarantee a precisely centered movement 
of the joint. As long as the joint is centered, smaller carti-
lage defects are relatively asymptomatic, as there is no real 
weight-bearing and forces are evenly distributed. But the 
natural history of small-sized lesions is to get bigger over 
time. So even if initially cartilage lesions of the shoulder 
cause only mild symptoms, it may be relevant to find proper 
solutions to avoid further increase in size and symptoms 
and thus decelerate the progress to osteoarthritis. Although 

 *	 Sepp Braun 
	 s.braun@gelenkpunkt.com

1	 Center for Musculosceletal Surgery, Charité 
Universitaetsmedizin Berlin, Berlin, Germany

2	 Gelenkpunkt, Sports and Joint Surgery Innsbruck, Innsbruck, 
Austria

3	 Research Unit for Orthopaedic Sports Medicine and Injury 
Prevention, Medical Informatics and Technology, University 
for Health Sciences, Hall, Austria

http://orcid.org/0000-0002-8865-2606
http://crossmark.crossref.org/dialog/?doi=10.1007/s00167-021-06499-7&domain=pdf


1133Knee Surgery, Sports Traumatology, Arthroscopy (2022) 30:1132–1137	

1 3

imaging quality has massively evolved with a wide availabil-
ity of high-resolution MR, cartilage lesions of the shoulder 
are often overseen. Compared to the knee, the shoulder’s 
cartilage is very thin both on the humerus and the glenoid, 
with an uneven thickness pattern. On the glenoid, there is 
a bare spot in the center of the glenoid and the cartilage 
thickens to the glenoid rims. At the humeral head the central 
articulating surface shows thicker cartilage than the periph-
eral areas. Overall the glenohumeral joint cartilage does not 
exceed 2 mm thickness [5].

Orthopedic surgeons face traumatic and degenerative 
pathologies with their different preconditions and treatment 
standards. In many ways, acute traumatic injuries usually are 
less critical in terms of healing with conservative or surgi-
cal treatment. In contrast, degenerative pathologies, such as 
most of the rotator cuff lesions still are a challenge for long-
term success. If physical therapy did not result in pain-free 
shoulder function, surgery may be the next step. Rotator 
cuff repair is the most frequently performed reconstructive 
shoulder surgery. Surgeons, scientists and engineers have 
extensively worked on improving all aspects of the proce-
dure to sophisticated minimal invasive arthroscopic repairs 
even in case of massive tears with the strongest primary fixa-
tion and never before achieved compression of the tendon to 
the footprint. But still non-healing and re-tears of the rotator 
cuff remain a highly relevant problem. Depending on patient 
factors and preconditions, retear rates are reported being up 
to 94% in older studies if the worst comes to the worst [13, 
14, 21]. But still the most recent studies frequently report on 
re-tears rates of 20–30% using the latest surgical techniques 
[22]. So even if tendon healing became the main focus of 
research in the last years, there is still debate on what meas-
ures can improve healing and reduces re-tear rates in daily 
practice based on evidence.

This manuscript aims at summarizing the current evi-
dence for cell-based treatment of cartilage and tendon 
lesions of the shoulder.

Cartilage lesions

Bone marrow stimulation (microfracture)

Bone marrow stimulation—so-called microfracture—has 
become an established treatment option for cartilage defects 
of the knee [32, 33]. The principle of bringing bone marrow-
derived stem cells to cover a cartilage lesion with fibrocarti-
laginous tissue has been transferred to the shoulder. As the 
cartilage is not as thick as in the knee, lesions usually are 
less contained, making it harder for the blood clot to stay in 
place. But on the other hand, there is less weightbearing, 
which should help to achieve reasonable results. Incidental 

discovery of cartilage lesions is frequent in the glenohumeral 
joint. Therefore, a single-step procedure is favorable (Fig. 1).

Siebold et al. [31] reported on a small case series of 5 
patients suffering from grade IV chondral lesions of the 
humeral head treated with microfracture and additional 
periostal flap coverage. All patients reported significant pain 
relief and improved clinical function at a mean of 25 months 
postoperatively. Of those, two of 3 patients who underwent a 
second look arthroscopy presented with a size reduction of 
the cartilage defect; however, two of 5 patients demonstrated 
progression of osteoarthritis.

Millett et al. [25] published outcomes of a total of 30 
patients who underwent microfracture for symptomatic full-
thickness cartilage defects of the glenohumeral joint. 24 out 
of 30 patients reported significant improvements in patient-
reported outcome scores at a mean follow-up of 47 months. 
Six patients progressed to further surgery. They observed 
a negative correlation between the size of the cartilage 
lesion and ASES score, supporting the use of microfracture 
in small-sized lesions. Furthermore, the greatest improve-
ments were seen in patients who underwent microfracture 
for isolated lesions of the humerus.

Frank et al. [12] reported of 16 patients (17 shoulders) 
who underwent arthroscopic microfracture of the humeral 
head and/or the glenoid surface. After a mean follow-up 
interval of 28 months, 3 patients went on to subsequent 

Fig. 1   Chondral lesion of the humerus, before and after debridement. 
The second image shows the nanofracturing trocar that guides the 
perforation pin
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shoulder surgery (resurfacing or replacement) and were 
considered to have failed. In the remaining study popula-
tion, a significant decrease of pain after surgery as well as 
significant improvements in clinical outcome scores were 
observed in patients treated for isolated, full-thickness chon-
dral injuries.

Even if there is no literature available for the shoulder, the 
advancement from micro- to nanofracture, that is well estab-
lished for the treatment of cartilage lesions in the knee, may 
be the next step in the treatment of shoulder lesions as well. 
Nanofracturing means creating perforations with a smaller 
diameter that go deeper into the bone. This is supposed to 
reduce the injury to the subchondral plate and increase the 
amount of bone marrow-derived mesenchymal stem cells at 
the bone surface.

Autologous chondrocyte implantation (ACI)

Autologous chondrocyte implantation (ACI) constitutes 
an established procedure in hip and knee surgery to treat 
medium to large cartilage defects by a two-stage procedure 
[7, 23, 26]. Transferred to glenohumeral cartilage defects, 
to date, only the outcome of 13 patients following ACI are 
reported. Romeo et al. [30] reported a case of an adolescent 
overhead athlete with a full-thickness cartilage lesion of the 
humeral head. The patient was treated with open ACI with 
cultivated chondrocytes harvested from the intercondylar 
notch of the knee and injected underneath a periosteal patch, 
harvested from the medial tibia, respectively.

At 12 months postoperatively, the patient gained a full 
and pain-free range of motion.

Ebert el al. [8] published a case report of a 25-year 
old patient treated with ACI for a symptomatic, small 
(10 × 14 mm) cartilage lesion of the glenoid.

Buchmann et al. [4] reported outcomes of 4 patients who 
underwent ACI for the treatment of large glenohumeral car-
tilage defects (3 × humeral side, 1 × glenoid side). At a mean 
follow-up of 41 months the mean visual analog scale for pain 
(VAS) was 0.3, patients achieved a mean Constant score of 
83 points and a mean ASES score of 95 points. In postop-
erative MRI the defect presented with satisfying coverage 
with signs of fibrocartilaginous repair tissue according to 
the authors.

Recently, Boehm and Scheibel [3] reported of 7 patients 
who underwent ACI for symptomatic focal grade IV car-
tilage lesions of the humeral head with a median size of 3 
cm3 by an open or arthroscopic approach. After a median 
follow-up period of 32 months, the subjective shoulder value 
was 95% compared to 60% preoperatively. Postoperative 
median Constant score and ASES score were 95–97 points, 
respectively. Two patients progressed with signs of osteo-
arthritis and one patient suffered from adhesive capsulitis 
postoperatively.

In all cases series on ACI, most patients had also con-
comitant injuries, that were addressed. Thus, it remains 
somehow unclear how much of the improvement has to be 
accounted to ACI alone.

Tendon healing

Platelet‑rich plasma (PRP)

Many controlled-randomized studies have reported the 
effects of PRP on partial or complete tears of rotator cuff 
tendons [18, 27, 29]. These studies delivered heterogeneous 
results and they have been unable to prove consistency in 
reduced retear rates and/or improved clinical outcomes [18, 
20, 27, 29]. Although meta-analyses on PRP in rotator cuff 
repair have been published, they were unable to show a clini-
cal benefit [24, 34, 35]. For example, Warth et al. conducted 
a meta-analysis of Level I and Level II studies and found 
that among initial tear sizes greater than 3 cm in the ante-
rior–posterior direction, those treated with PRP had a sta-
tistically significant reduction in retear rate after double-row 
repair compared to controls (25.9% vs. 57.1%, p = 0.046). 
Though there was an overall gain in Constant score when 
PRP was placed at the tendon-bone interface rather than over 
the surface of the repaired tendon (p = 0.046), it should be 
noted that no statistically significant differences in clinical or 
structural outcomes between groups treated with and without 
PRP was found for all included studies, which consisted of 
tears of all sizes [34]. In another study, Jo et al. conducted a 
randomized clinical trial with PRP augmentation for large 
and massive rotator cuff repairs. Among 48 patients at mini-
mum 9 months MRI follow-up, the PRP group had a retear 
rate of 20%, whereas the retear rate was 55.6% in the control 
group (p = 0.023). However, there was no significant differ-
ence in clinical outcomes between the two groups [20]. One 
randomized controlled trial, performed by Sanchez Marquez 
et al., showed PRP has no advantage in increasing healing in 
large and massive tears. Out of 28 total patients with 1-year 
MRI follow-up, the rate of retear in the PRP group was 71% 
whereas it was 64% in the control group, with no statistically 
significant differences found. In addition, no significant dif-
ferences were found in Constant and DASH scores at 1 year 
[2]. Whether PRP treatment during arthroscopic rotator cuff 
repair improves tendon healing rates or patients benefit from 
improved shoulder function remains unknown.

Recently, Han et al. [15] conducted a meta-analysis in 
2019 aiming to investigate the clinical and imaging out-
comes of PRP treatment during arthroscopic repair of rota-
tor cuff tears. Thirteen studies on PRP matched their inclu-
sion criteria. Twelve randomized controlled trials with 773 
patients reported re-tear rates. Re-tears occurred in 63% 
(16%) of 392 patients in the PRP group and in 90 (24%) of 
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381 patients in the control group, which showed a statisti-
cally significant difference. While the authors found PRP to 
have superior postoperative results in Constant score, this 
difference diminished in ASES score with no significant 
difference. While the authors conclude that their findings 
support the use PRP in arthroscopic repair of the rotator 
cuff, this meta-analysis has to be interpreted with respect to 
a variety of limitations such as different tear sizes, different 
methods and processes to produce PRP, and bias associated 
with meta-analysis.

Autologous concentrated serum

The optimal platelet-rich plasma (PRP) for the treatment 
of tendon injuries especially rotator cuff lesions has not 
been determined yet. Cross et al. [6] evaluated the effect 
of low- versus high-leukocyte concentrated PRP products 
on catabolic and anabolic mediators of matrix metabolism 
in diseased rotator cuff tendons. Leukocytes and platelets 
were significantly more concentrated in high-PRP compared 
with low-PRP. Increased IL-1β, IL-6 as well as TGFβ-1 and 
MMP-9 were found in low-PRP. The authors concluded that 
low-PRP seems to promote normal collagen matrix synthesis 
and decreases cytokines associated with matrix degradation 
and inflammation to a greater extent than high-PRP does in 
moderately degenerative tendons. In severely degenerative 
tendons neither PRP preparations enhanced matrix synthesis 
at all.

Stem cells (microfracture, bone marrow aspirate 
concentration)

Pulatkan and Bilsel [28] investigated the influence of bone 
marrow stimulation in rotator cuff repair in a retrospective 
comparative study with a total of 123 patients who were 
enrolled for full-thickness rotator cuff repair (Fig. 2). 40 
patients were treated with a single-row repair, 44 patients 
with a single-row and microfracture, and 39 patients with a 
double-row repair. At a minimum follow-up of 2 years the 
single-row and microfracture group had shown the lowest 
retear rate (14%) and significantly improved in postopera-
tive Constant score and pain compared to single row alone 
or double-row repair.

The benefit of bone marrow stimulation in rotator cuff 
repair with decreased retear rate is supported by Ajrawat 
and Chahal [1] who performed a meta-analysis to investigate 
the clinical evidence of the effect of arthroscopic rotator 
cuff repair, with and without bone marrow stimulation, on 
rotator cuff healing and functional outcomes. Four studies 
including 365 patients (Level I randomized trials and Level 
III retrospective comparative cohort studies) were included. 
The authors found no statistical difference in DASH score, 
UCLA score, or the Constant score between repair with bone 

marrow stimulation and conventional repair. Their pooled 
analysis of rotator cuff retear rates from 328 patients showed 
statistically significant difference favoring bone marrow 
stimulation over conventional repair (p = 0.002). In sum-
mary, bone marrow stimulation reduced the retear rate after 
rotator cuff repair but showed no difference in functional 
outcomes compared to conventional repair, suggesting the 
use of bone marrow stimulation as a biological and cost-
effective approach to improved rotator cuff healing.

Another source of stem cells in bone marrow aspirate 
(BMA) harvested from the iliac crest. The main concern in 
using BMA to stimulate healing is the low concentration 
of mesenchymal stem cells found in it. Therefore, various 
protocols have been developed to concentrate the nucleated 
cell numbers to produce bone marrow aspiration concentrate 
(BMAC). The theory is with an increased number of mes-
enchymal stem cells is to provide an effective environment 
for healing and regeneration [19].

Fortier et al. [11] compared BMAC to PRP and observed 
that there are reduced platelets and raised white blood cells 
in BMAC demonstration that BMAC is acting differently to 
PRP with likely a different mechanism of action. The con-
cept of BMAC is to improve the recovery of the nucleated 
cells from the marrow aspirate while decreasing the recovery 
of non-nucleated cells such as red blood cells. The exact 
mechanism of BMAC is currently not fully understood [19].

Ellera Gomes [9] investigated the use of BMAC in rota-
tor cuff repair in 14 patients with full-thickness rotator cuff 
tears in mini-open technique. All patients improved in clini-
cal outcome scores. Postoperative MRI showed that tendon 
integrity was maintained in all cases at 1 year, but 6 patients 
(42%) showed high-signal intensity at the critical zone. The 

Fig. 2   Microfractured supraspinatus tendon footprint
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authors concluded that BMAC could be safely implanted 
as an augment in rotator cuff repair. Hernigou et al. [17] 
reported the efficiency of BMAC in arthroscopic single-
row repair in 45 patients. The primary goal was to compare 
tendon-to-bone healing to a matched controlled group. The 
authors found that patients treated with additional BMAC 
had superior and faster tendon healing when compared to 
the control group. All shoulders in the BMAC group showed 
healing after 6 months while only 30 shoulders in the control 
group showed healing at the same time. Furthermore, at the 
latest follow-up of 10 years, the integrity of the repair was 
maintained in 39 patients (87%) in the BMAC group com-
pared to only 20 patients (44%) in the control group. Similar 
results with improved tendon to bone healing at 10 years 
postoperatively were presented by Havlas et al. in 2015.[16]

Conclusion

Surgical options for cartilage lesions of the shoulder have 
not significantly evolved over the last decade [10]. As symp-
toms are frequently mild in shoulders, clinical tests cannot 
reliably detect early cartilage lesions and MRI diagnosis is 
still sometimes difficult, many cartilage defects are inciden-
tal findings. Therefore, MACI as a staged surgery is not the 
first option for the treatment of cartilage defects in the gle-
nohumeral joint. Moreover, the additional expenses, the lim-
ited availability in some countries and the moderate clinical 
results are reasons why ACI has not asserted to be a standard 
procedure in cartilage defects.

Obviously, a single-step procedure is preferable and 
microfracture can additionally provide reasonably good clin-
ical results. The evolution of microfracture is nanofracture, 
perforating the subchondral bone with smaller diameters and 
deeper into the cancellous bone. This has been shown to 
improve the results in cartilage treatment in knees and thus 
may be the next step for the same treatment in glenohumeral 
joints.

Studies on PRP so far could not show clear clinical and 
structural benefits with respect to scores and patient satis-
faction, but there seems to be evidence for reduced re-tear 
rates in some of the publications. Unfortunately, the variety 
of studies on PRP augmentation of rotator cuff repair is high 
and therefore a clearly positive recommendation cannot be 
done at present. As healing is particularly challenging in 
degenerative rotator cuff tears, investigations on the prepara-
tion of PRP have suggested that low-leukocyte concentrated 
PRP (ACI) may be beneficial in promoting the expression 
of physiologic collagen for tendon to bone healing in mod-
erately degenerative tears. To date, it remains unclear what 
preparation of PRP could provide the best results.

Bone-Marrow stimulating techniques have shown 
reduced re-tear rates in multiple studies, but—same as true 

for PRP—no statistical improvement of clinical scores was 
shown. Bone marrow aspirate has shown to improve ten-
don to bone healing and long-term integrity of the repaired 
tendon. Nonetheless, it is not widely established in clinical 
daily care, as preparations are heterogenous and elaborate. 
In contrast, microfracturing of the tendon footprint can be 
easily incorporated without additional cost in arthroscopic 
rotator cuff repairs without relevant loss of time. This sug-
gests that microfracture may be added as an additional step 
in standard rotator cuff repair.
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