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Introduction

Articular cartilage is regarded as a troublesome tissue due 
to its poor ability to self-repair post-trauma (1,2). Main 
causes are that cartilage is lacking blood vessels, nerves 
and lymphatic tissue (1,2). Hence, the repair is difficult to 
induce. Furthermore, when studying the possibilities to 
repair a damage cartilage surface, one has to look at three 
types of cartilage damages:

(I) Pure acute traumatic defects with more or less 
healthy surrounding cartilage;

(II) Degenerative lesions seen after repeated trauma 
where surrounding cartilage is of less good quality 
in an otherwise healthy joint;

(III) Loss of cartilage due to pathology of the cells and 
matrix; osteoarthritis (OA). OA is an organ disease.

It is a gliding scale of tissue destruction where an isolated 
cartilage defect may remain stationary without progress 
while other injuries progress via a pre-osteoarthritic state 
into a full blown OA. Concomitant injuries like meniscal 
loss and ACL injuries may fasten such an OA development.

When a cartilage area has been damage an impairment 
of the joint function could develop, a disturbed joint 
homeostasis. Symptoms like localized pain, locking 
phenomena and loss of motions may appear. With 

diagnostics used like MRI evaluations cartilage lesions may 
be found and if regarded as being the cause of the pain 
situation, the surgeon suggests an arthroscopy evaluation 
and subsequent repair. With the MRI, bone marrow 
lesions (BMLs) in conjunction with local chondral and 
osteochondral defects may be detected. BMLs and such 
cartilage defects are interconnected and play key roles in 
knee cartilage volume loss which indicates that both should 
be considered targets for intervention (3).

Treatment options may be either non-operative (cartilage 
repair stimulators) or operative (cartilage repair restoration) 
(see Figure 1).

Classification of the lesions

It is useful to look upon the cartilage lesions to treat related 
to the existing depth of the lesions. The ICRS classification 
system for chondral and osteochondral lesions is based on 
the depth (4). In general, grade 1 and 2 are defects with a 
depth less than 50 % of the cartilage thickness. Such defects 
might be treated with debridement alone if the lesions are 
suspected to produce mechanical symptoms. Deeper lesions 
are all the defects with a depth more than 50% of the 
cartilage thickness including also cartilage blisters. Defects 
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that penetrate the subchondral bone are grade 4 (4). All 
grade 3 and 4 defects are lesions that most often may need a 
cartilage repair operation, lesion restoration.

In this review we will look at the treatment alternatives 
used today related to the sizes and depth of symptomatic 
cartilage lesions.

Non-operative treatments

Cartilage lesions are seldom the only cause of disability and 
many cartilage lesions are also asymptomatic. Subsequently, 
if the cause of disability is uncertain a period of non-
operative therapy may be wise to test. Below are some 
non-operative alternatives that are sometimes used before 
decision of surgery is taken.

Physiotherapy

There are no studies to compare just physiotherapy with 
operative cartilage repair. Physiotherapy is, however, an 
important adjunct to operative repairs. Many athletes being 
very active in the trainings and rehabs have asymptomatic 
lesions (5) and when finishing their career, symptoms appear 
as they do less physio-training.

However, interestingly Helmark et al. (6) showed that 
exercise could induce an increase in both intraarticular and 
peri-synovial concentrations of IL-10 in a group of human 
females with knee OA. The finding suggests a positive 
effect of exercise on a chondroprotective anti-inflammatory 
cytokine response in patients with knee OA and might 

contribute to explain the beneficial effect that exercise has 
on OA and possibly also on cartilage local repairs.

PRP (platelet rich plasma) and stem cells injections

Both types of injections are thought to stimulate the repair 
of damaged cartilage. Most clinical studies have been done 
on OA, being an organ disease. None of the techniques have 
so far been able to show that local cartilage defects have 
been fully repaired. However, in a recent review Shi et al. (7)  
did a search of the PubMed, EMBASE, and Cochrane 
databases to identify studies involving biologic therapy for 
osteoarthritis or osteochondral defects. Only Level I–III 
clinical trials with at least 3-month follow-up were included. 
A total of 21 PRP studies were included in the study. 
All PRP studies showed clinical improvement with PRP 
therapies related to outcomes in patient satisfaction, pain, 
and function (7). Furthermore, there were 7 of the 9 studied 
MSC studies that showed clinical improvement. The 
one PRP study that had a 2nd look arthroscopy reported 
increased cartilage repair tissue with PRP. All 8 MSC 
studies with follow-up MRI and all 7 MSC studies with 2nd 
look arthroscopy showed improvement in cartilage repair 
in terms of coverage, fill of the defect, and/or firmness 
of the new cartilage. The authors concluded that of the 
two treatments, MSC provides more significant disease 
modifying effect (7). Still, the efficacy of PRP therapy 
remains unpredictable due to the highly heterogeneous 
nature of reported studies and the variable composition of 
the PRP preparations. It is similar with MSc’s treatment as 
the source of MSc’s varies and also with those cells highly 
varied quality of reported studies.

Corticosteroids

Post-trauma OA could be induced at the time of joint injury 
resulting early on in substantial matrix changes. However, 
Lattermann et al. (8) could show that early intervention with 
corticosteroids was able to affect biomarkers of cartilage 
breakdown compared to control (saline). Corticosteroids 
are mainly used in OA with synovitis but the study 
by Latterman et al. (8) may turn a focus to also to use 
corticosteroids to prevent post trauma cartilage damage.

Botox

Botox has been of interest to treat pain related to OA but 
there are no thoughts that Botox injections could contribute 

Figure 1 Presentations of non-operative and operative treatment 
alternatives.
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to repair of local defects. In a recent RCT (9), there were no 
significant differences between botulinum toxin A injections 
and placebo in reducing average pain score at week 8 
compared with baseline in patients with knee OA. No safety 
concerns were identified (9).

Hyaluronic acids and glucosamine/chondroitin sulphates

In a recent review Gallagher et al. (10) concluded that 
for patients with or at risk for osteoarthritis, the use of 
glucosamine and chondroitin sulfate may serve as non-
operative means to protect joint cartilage and delay 
osteoarthritis progression. Hyaluronic acid injections 
showed variable efficacy, while NSAIDs and vitamins E 
and D showed no effect on osteoarthritis progression (10). 
Most often those treatments are used for the pain relief, 
especially, the hyaluronic acid injections.

Operative treatments

Bone marrow stimulation (BMS) techniques

The earliest techniques in articular cartilage repair are 
based on the formation of a hematoma at the defect site 
with the migration of stem cells/chondrogenic progenitor 
cells from the bone marrow.

This process produces a fibrocartilage repair tissue to 
more or less fill the defect. Microfracture technique (MFX) 
was introduced by Steadman et al. in 1999 (11) and MFX 
has since then been the dominating first of choice cartilage 
repair technique the last 30 years. 

However, animal studies have shown that micro 
fracturing does not reach deep enough to reach large vessels 
in the bone marrow (12). When reaching large vessels, more 
pericytes/mesenchymal cells could be attracted to migrate 
into the defect area to start a repair process. Deep drilling 
has shown to produce more repair filling than microfracture 
treatment and new techniques, so called nano-drillings are 
now in use to induce a stronger repair response (12).

Different BMS techniques are also used together with 
scaffolds. Such enhanced BMSs are now often combined 
with modifications of nano-drilling such an AMIC 
(autologous matrix induced chondrogenesis) with collagen 
type I–III membrane (13) and hyaluronic acid based 
membranes (Hyaff-11) (14). The Hyaff-11 membranes have 
also been combined with bone marrow aspirate concentrates 
(BMAC). Gobbi and Whyte (14) could show that repair of 
chondral injury using a hyaluronic acid-based scaffold with 

activated bone marrow aspirate concentrate provides better 
clinical outcomes and more durable cartilage repair at  
5 year’s follow-up compared with microfracture.

There are also the biphasic membranes with a mixture 
of collagen and hydroxyapatite with magnesium (15). 
The biphasic implant has been tested against MFX in 
a randomized multi-center study and was significantly 
better than MFX treating osteochondral defects and sports 
active patient (15). Another augmented BMS technique 
is a liquid bioscaffold, an injection of a thermogel into 
the microfractured area (16). The thermogel consists of a 
mixture of chitosan and venous blood and when stabilized 
in the lesion area, it becomes like a ¨superclot¨ for the 
invading cells from the bone marrow (16). In a RCT with 
the augmented gel treatment versus MFX alone, the gel 
technique showed statistically superiority with the gel in the 
structural repair tissue regarding MRI and histology at 2 
and 5 years (16,17).

There are also bi-phasic osteochondral scaffolds made 
out of corals. In a recent animal study, Kon et al. showed 
that although native coral is an interesting material for bone 
repair, as a stand-alone material implant, it did not induce 
hyaline-like cartilage. Mechanical modification with drilled 
channels and impregnation of HA within the coral pores 
enhanced the scaffold’s cartilage regenerative potential (18).  
They have also used the improved scaffold in a mini human 
trial and found a significant clinical improvement at the 
12-month follow-up. Moreover, MRI findings revealed graft  
integration with good bone and cartilage formation (19).

Chondrogenic tissue based repairs

Perichondrium-based repairs

Perichondrium based repairs were popular from 1990–2000. 
However, due to problems with ossifications in the graft 
and due to such a complication in the long run less good 
results The clinical use is low today. Best results were seen 
in young patients (20).

Periosteum-based repairs

Periosteum has with its cambium cell-layer chondrogenic 
potential that makes it possible to repair cartilage lesions. 
However, the potential chondrogenic cell layer diminish 
fast with increasing age and already around the age of 20, 
the patients ability to be repaired with their periosteum has 
drastically declined. Periosteum is still an option when to 
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repair large osteochondral injuries in an acute traumatized 
joint in an individual before closures of epiphyses 
while additional cell transplantation better fit the older  
patient (21,22).

Autologous osteochondral grafts

These implants were made popular during the 90ies by 
Bobić (23) and Hangody et al. (24). Still in large use but has 
lost in popularity the last years. A single and up to 2–3 grafts  
are useful for athletes wanting a relative fast rehab and 
receiving a fast stable cartilage graft. The technique is 
technically demanding when to treat large defects trans-
arthroscopically and there is a risk of incongruity at the 
bone cartilage interface. There is also a risk of graft donor 
site morbidity (25). Solheim et al. (26) showed that MFX 
articular cartilage repairs failed more often and earlier than 
the osteochondral repairs, both in the whole cohort and in 
a subgroup of patients matched for age and size of treated 
lesion, indicating that the osteochondral graft repair is the 
more durable.

Osteochondral allografts

The use of allografts has been successful with good 
results up to 20 years post-surgery (27). The backsides 
are lack of donors and risk for disease transmission after  
implantation (28). There is also the possibility to use 
decellularized osteochondral allografts. Such implants 
are then available of the shelves and will give no joint 
morbidity. Those implants are composed of donated 
human decellularized hyaline cartilage and cancellous 
bone. However, in comparison to the osteochondral fresh 
allografts, those decellularized grafts show a high failure 
rate. Johnson et al. (29) showed that in a study of 34 
patients with such implants, ten patients (29%) required 
revision surgery with removal of the implant. Implant 
survivorship was 61% at 2 years. Farr et al. (30) had a 
similar experience with 23 of the 32 knees (72%) that were 
considered failures and implant survivorship was only 
19.6% at 2 years.

Chondrogenic cell implantations

The chondrocyte is responsible for the matrix production 
and such a cell seems the ideal cell to use for cartilage 
engineering (31). The first clinical use of chondrocytes for 
clinical cartilage repair was done in Gothenburg, Sweden in 

1987 (31). There exist today long-term results up to 20 years  
with good results based on the 1st generation ACI with 
chondrocytes in suspension implanted under a periosteal 
membrane (32-35).

Since that time more than 30 years ago, we have now 
four generations of ACI:
	1st generation ACI: Chondrocytes in suspension 

injected under a living periosteal membrane;
	2nd generation ACI with cells in suspension injected 

under a collagen membrane;
	3rd generation of ACI with cells either grown on a 

surface carrier cells grown in a porous matrix/scaffold 
(see Figure 2A,B,C);

	4th generation ACI is when chondrocytes are in 
different ways implanted as one stage procedures.

ACI has as a procedure been studied in up to date 18 
randomized studies (36-53).

In 8 studies, different generations of ACI were compared 
against MFX (40,45-51). In 6/8 of those studies, ACI was 
significantly better clinically than MFX marrow stimulation 
in different parameters studied (45-48,50,51).

The latest study is the SUMMIT trial where an ACI 
3rd generation, a cell carrier (MACI) is compared with 
MFX (54). At 2, 3 and 5 years post-surgery, the ACI had 
significantly better outcomes in co-primary endpoints 
KOOS and function compared with MFX (51,54).

It is also worth to mention the 4th generation ACI. 
One of those techniques is the CAIS (cartilage autograft 
implantation system) where cartilage is harvested and 
crushed into small fragments, placed on a resorb able 
membrane and implanted into the defect area covered by 
fibrin glue. Two randomized studies have shown statistical 
superiority with the cartilage fragments versus MFX 
treatments (47,48). Same technology has recently been 
developed with juvenile allogeneic fragments.

In the 4th generation group, also two new one stage 
procedures are placed. The Instruct technology isolates 
chondrocytes direct in the OR and mixes those cells with 
autologous direct harvested mesenchymal stem cells (55).  
The Impact technology direct isolates chondrons 
(chondrocytes with pericellular matrix) and mix them with 
allogeneic mesenchymal stem cells (56).

Non-biological implants

Mini-metal arthroplasties and synthetic implants

Even the different available biological alternatives are not 
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successful every time when used. Some patients are poor 
responders to local biological repairs with the techniques 
above. Some of them if located in a medial or lateral 
femoral compartment could be improved by unloading 
osteotomies but still some remain disabled not being 
candidates for larger joint arthroplasties. There are now 
custom made metal implants that can be used for local 
repairs as well as synthetic min-implants. Still, there is little 
clinical experience with those types of implants but we will 
see more of them in the future (57,58).

Unloading osteotomies

As an extra support for the repair tissue, an unloading 
osteotomy or unloading brace can be used If or not there is 
a need depends on:
	Lesion size;
	Degree of malalignment;
	Instability;
	Weight.
For the knee, the osteotomy can be done either as 

closing wedge or open wedge osteotomy. The opening 
wedge osteotomy influences the tibial slope. A reduced 
tibial slope increase the stability of an ACL-deficient knee 
and unload posterior located femoral condyle cartilage 
lesions. An increased tibial slope is good when posterior 
cruciate ligament insufficiency exists and an increased slope 
also unloads anterior located cartilage lesions (59).

Summary and conclusions

What we have learned during the last 50 years is that 
all types of cartilage repairs are slow and a maturation 
process of the repair can be seen up to 4 years post-surgery. 
Knowing that it takes up to 20 years before the cartilage 
in a child reaches the morphology characteristics of adult 
cartilage, we have to better understand the need for the 
long maturation time for our induced repair.

More studies on the use of one stage repairs with 
mesenchymal stem cells of different origins will be seen. 
For all types of existing repair methods, the postoperative 
rehabilitation is the weakest part of the treatment. Not 
enough knowledge and evidence exist of what rehab is the 
best. There is a tendency for faster rehab with early weight 
bearing. In this review on cartilage repair, the focus has 
been on the local trauma defects to be treated. However, 
there is an enormous interest to intervene early on OA. In a 
study by Spahn and Hofmann (60), the authors looked upon 
115 patients with focal cartilage lesions of the medial knee 
compartment. A follow-up was performed 10 years after the 
operation to determine the rate of arthroplasty conversion 
and to evaluate associated factors. In a total of 35 cases an 
arthroplasty was needed (30.4%). Among the significant risk 
factors for OA progression were (60):
	Higher patient age;
	Female gender;
	Overweight or obesity;

Figure 2 The steps of cart8ilage lesion preparation and implantation of a cell seeded hyaluronic graft (Hyaff-11) are presented. (A) A 
chondrocyte seeded graft (Hyaff-11 scaffold) is sized into right lesion size before implantation; (B) the chondrocyte seeded graft is implanted 
with a plain grasper transarthroscopic through the portal; (C) the chondrocyte seeded graft has been put into place in the lesion area and 
secured with a layer of fibrin glue.

A B C
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	Severity of meniscal damage.
Interestingly, the most important risk factor was the 

occurrence and the extent of tibial cartilage defects. For the 
cartilage repair surgeon the task is not only to give patient 
pain relief but also to find treatments to hinder a progress 
of the cartilage lesions into osteoarthritis.

Finally, I present here an easy to use algorithm for how 
to choose repair techniques. Within each group, there exist 
several different repair methods but no science to tell that 
one technique is better than other ones.
	BMS for small defects <1 cm2;
	Augmented BMS for small-medium sized defect  

1–3 cm2;
	Augmented BMS is also an alternative for re-

operations in such defects if a simple BMS has been 
done before;

	Cell based treatments for large defects >3 cm2;
	Cell based treatments for re-operations;
	Allografts for extra-large defects and condylar 

replacements;
	Synthetic or min-metal implants when patients are 

not responding to biological treatments;
	Unloading osteotomies are useful in combination 

with local repairs when the lesions are large, when 
the lesions are uncontained and when malalignment 
exists.

Available cartilage repair techniques can induce a good 
quality repair tissue that gives the patient long-term pain 
relief and functional recovery. Still, we have not seen any 
repair technique being able to induce a full regeneration of 
the traumatized cartilage area.
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