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Mini Review
Recently, two studies have been published on a patient specific metal implant for focal chondral 

lesions in the knee where clinical results as well as revision data were quite favorable [1,2]. In the 
quest for an acceptable mode of treatment for the so-called GAP-patient [3], i.e. patients that are too 
old for biologic treatment and too young for joint replacements, these reports might indicate a new 
level of success and possibly an increasing interest for such mini-metal implants.

Focal lesions of cartilage in the knee is generally viewed as a common precursor of osteoarthritis 
(OA) [4,5] and in view of the current epidemic of knee OA [6], any attempt at reducing the need for 
TKA would appear warranted. Moreover, with increasing demands on functionality, up to 20% of 
patients receiving a TKA express discontent with the procedure [7,8]. In the last 25 years, intensive 
research has been carried out on biologic methods of transplantation of chondrocytes into these 
focal defects [9-11]. These attempts have been successful to an extent but are generally limited to 
younger patients, under 30 to 35 years of age. Also, biologic methods are plagued with long rehab 
periods of 12 to 18 months [12] and have been subject to regulatory constraints. Therefore, the 
various alternatives to chondrocyte transplantation have not met the success that was originally 
anticipated.

A hard resurfacing implant, where the rehab period is limited to soft-tissue healing time, may 
appear beneficial. Such hard implants have appeared during the last decade [13] and have shown 
promising results [14-17]. They all consist of round or elongated hats with one or two fixation peg(s) 
of some particular design. They are all aiming at the distal femur and are of the uni-polar design, 
i.e. the implant material articulates directly against normal hyaline cartilage on the tibia or patella 
(although the HemiCap can be used with a patellar implant). This is a short review of relevant issues 
regarding these implants to preserve the knee joint from knee replacements in the middle-aged 
population.

A first-generation implant (the HemiCAP family, Arthrosurface, US) appeared in the mid 2000s 
and consists of a CoCr metal alloy hat connected to a titanium fixation screw, joined by a Morse-
taper. The articulating hat comes in an off-the-shelf library with a number of different shapes 
where the best is fitted to the particular joint using so called sizing cards. The system uses a guide 
to fit a Kirschner wire perpendicular to all tangents of the cartilage surface to be replaced as the 
base for implantation. A number of reports have shown good clinical results [14,18,19]. Indeed, a 
case-report on 2 cases after 12 years showed good clinical results and no deterioration of the 
opposing cartilage [20]. However, a number of studies show disconcerting revision figures in the 
order of 25% after 5 years [21,22].

Somewhat later, another hard-material implant, the BioPoly (BioPoly, US) [16], appeared. This 
is a one-piece titanium implant with a polyethylene cap towards the joint cavity. The polyethylene is 
enhanced (“micro-composite”) with hyaluronic acid in order to be gentler to the opposing cartilage. 
There is one published report on 40 patients of which 12 were followed over the full 2-years FU-
period [16]. Initial results were reported to be good with clinical improvement of the same order 
of magnitude as other treatment modalities and only one case had been revised within this short 
period of time.

At about the same time, a third metal implant for focal chondral lesions appeared, the Episealer 
implant (Episurf Medical, Sweden). This technology is based on three fundamentals; a MRI-based 
Damage Marking Report (DMR), individualized guide instruments based on the MRIs and an 
individualized implant again from the MRIs [23]. The implant itself is a one-piece CoCr alloy hat 
with one or two fixation peg(s). Surfaces meeting bone/cartilage are coated with a double coating of 



Johannes Holz, et al., Clinics in Surgery - Orthopedic Surgery

Remedy Publications LLC., | http://clinicsinsurgery.com/ 2021 | Volume 6 | Article 30562

titanium and hydroxyapatite for osteo- and chondrointegration [24]. 
Recent published papers report good clinical results [1] and favorable 
revision figures in mid-term FU [2].

Opposing Cartilage
Arguably the most important issue with these uni-polar implants 

is how the opposing cartilage reacts to the artificial material. Here, 
this natural tissue will meet artificial metal/polymers under the 
extremely harsh mechanical conditions that prevail in the human 
knee where compressive forces of 4x to 6x body weight occur. There 
are some previous experiences. Normal joint cartilage articulates with 
patellar cartilage in TKA where the patella is not resurfaced and this 
appears to go well [25]. However, uni-polar hip replacement has a 
mixed track record [26,27]. These focal implants also show mixed 
records. The first-generation implant has shown conspicuous signs 
of wear of the opposing cartilage in some studies [21,28] while the 
very same implant explicitly has shown little problem of this kind 
with a unchanged medial joint space after 5 years [14]. Again, after 
as long as 12 years, the opposing cartilage was reported to hold up 
nicely. This may suggest that it is not the material itself but rather the 
precision of insertion and preoperative indications that are crucial. 
Obviously, a metal implant must not sit proud or it will harvest the 
opposing cartilage [29,30]. Therefore, precise guide instruments may 
be of decisive importance. The Episealer MRI-based individualized 
guides allow for incremental fine-tuning of insertion depth in steps of 
200 µm to consistently position the implant about 0.5 mm below the 
surrounding cartilage and this position is checked with a “dummy”, 
an exact replica of the implant. Human cartilage asymptotically 
compresses by about 20% [31] and 0.5 mm, corresponds to 20% of 
the cartilage thickness (one-sided) in a normal knee [32].

Surrounding Cartilage
The surrounding cartilage must accept and preferably integrate 

with the artificial material. From hip- and knee replacements, it is 
well-known how wear products from joint replacements can invade 
the peri-prosthetic space and create osteolysis [33]. It is improbable 
that the materials in these focal implants should wear into malignant 
particles but even joint fluid itself is aggressive and could cause 
osteolysis [34,35]. For this reason, bonding of cartilage to implant 
suggests a feasible construct. Of the three focal implants, only the 
Episealer features a provision for bonding to cartilage. The HA-
coating of the periphery of the hat facing cartilage has been shown 
to produce so called chondrointegration, i.e. a bond between implant 
and cartilage effectively sealing the cartilage defect [24].

Moreover, and contrary to any other mode of treatment, these 
mini-metal implants immediately support the surrounding cartilage. 
Edge loading of the cartilage rim surrounding the lesion is subject 
to excessive stress on normal locomotion. This creates a progressive 
increase in size of the lesion, the so-called “pot hole” effect [36,37] 
whereby the focal lesion deteriorates into a progressively larger one, 
eventually leading to full-blown OA. With physical support of the 
cartilage rim, excessive stress/strain is counteracted and may well be 
a decisive factor for better longevity.

Bonding
All three focal implants are inserted without bone cement but rely 

on direct bonding to bone. The HemiCAP and the BioPoly implants 
bond to bone by osseointegration to titanium [38,39], a time-
honored, consistent and well documented mode of fixation. Despite 

this, the Australian registry reports a substantial number of loosening 
for the HemiCAP, presumably being caused by failure of the Morse 
taper. Technically, the insertion of the titanium screw is an exacting 
procedure, not too deep or the Morse taper will not catch and not 
too shallow or the hat will protrude. The Episealer bonds by way of a 
double coating, hydroxyapatite superficially for fast bonding [40,41] 
and titanium underneath for consolidation of the fixation should 
there be hydrolysis of the hydroxyapatite [40]. No loosening has been 
reported for the Episealer device.

Patient Selection
As with any kind of surgical procedure, patient selection is crucial. 

For these patients, the problem often starts with a traumatic incident 
[42,43] that hits the cartilage often close to the apex of the femoral 
condyle. Sometimes this leads to an osteochondral fracture and a loose 
piece of cartilage in the knee. More often, however, the mechanical 
trauma is smaller having only a crushing effect of the intact cartilage 
at the apex. This may alter the metabolism of the chondrocytes into a 
more destructive pathway and the scene is set for a slow, continuous 
process towards OA [44]. Somewhere along this continuum, there is 
a window of opportunity for focal implants, when the lesion is not 
too large, when the opposing cartilage is not yet too damaged and 
when there is still a possibility to regain joint homeostasis [45]. This 
window can be sought by MRI that can delineate the extent of the 
lesion and the status of the subchondral bone as well as the status 
of opposing cartilage. For this reason, MRI is an integral part of the 
Episealer system and the DMR allows a careful selection of patient 
that is fit for the procedure. Possibly, too wide indications explain the 
untoward revision statistics for the HemiCAP [21,28].

MRI also allows examination of possible Bone Marrow Lesions 
(BML). Cartilage does not carry nerves, but subchondral bone does. 
Pain sits in the bone and large BMLs, or bony defects too, can be 
addressed by a thicker Episealer implant.

Conclusion
Small, metallic implants have the advantage of immediate function 

once soft-tissue healing after surgery has taken place. Post-operative 
rehabilitation is short. Recently published results indicate good 
clinical effects in terms of well-being and, provided correct patient 
selection and precise surgery, longevity appears to be consistent and 
of promising magnitude.

References
1. Holz J, Spalding T, Boutefnouchet T, Emans P, Eriksson K, Brittberg M. 

Patient specific metal implants for focal chondral lesions in the knee; 
excellent clinical results at 2 years. Knee Surg Sports Trauma Arthroscopy. 
2020.

2. Martinez-Carranza N, Rockborn P, Roberts D, Högström M, Stålman A. 
Successful treatment of femoral chondral lesions with a novel customized 
metal implant at midterm follow-up. Cartilage. 2020:1947603520967064.

3. Li CS, Karlsson J, Winemaker M, Sancheti P, Bhandari M. Orthopedic 
surgeons feel that there is a treatment gapin management of early OA: 
International survey. Knee Surg Sports Traumatol Arthrosc. 2014;22:363-
78.

4. Cicuttini F, Ding C, Wluka A, Davis S, Ebeling PR, Jones G. Association of 
cartilage defects with loss of knee cartilage in healthy, middle-age adults: A 
prospective study. Arthritis Rheum. 2005;52(7):2033-9.

5. Schinhan M, Gruber M, Vavken P, Dorotka R, Samouh L, Chiari C. 
Critical-size defect induces unicompartmental osteoarthritis in a stable 

https://pubmed.ncbi.nlm.nih.gov/33025052/
https://pubmed.ncbi.nlm.nih.gov/33025052/
https://pubmed.ncbi.nlm.nih.gov/33025052/
https://pubmed.ncbi.nlm.nih.gov/33025052/
https://pubmed.ncbi.nlm.nih.gov/33106003/
https://pubmed.ncbi.nlm.nih.gov/33106003/
https://pubmed.ncbi.nlm.nih.gov/33106003/
https://link.springer.com/article/10.1007/s00167-013-2529-5
https://link.springer.com/article/10.1007/s00167-013-2529-5
https://link.springer.com/article/10.1007/s00167-013-2529-5
https://link.springer.com/article/10.1007/s00167-013-2529-5
https://pubmed.ncbi.nlm.nih.gov/15986359/
https://pubmed.ncbi.nlm.nih.gov/15986359/
https://pubmed.ncbi.nlm.nih.gov/15986359/
https://pubmed.ncbi.nlm.nih.gov/21818770/
https://pubmed.ncbi.nlm.nih.gov/21818770/


Johannes Holz, et al., Clinics in Surgery - Orthopedic Surgery

Remedy Publications LLC., | http://clinicsinsurgery.com/ 2021 | Volume 6 | Article 30563

ovine knee. J Orthop Res. 2012;30(2):214-20.

6. Kurtz S, Ong K, Lau E, Mowat F, Halpern M. Projections of primary and 
revision hip and knee arthroplasty in the United States from 2005 to 2030. 
J Bone Joint Surg Am. 2007;89(4):780-5.

7. Bourne RB, Chesworth BM, Davis AM, Mahomed NN, Charron KDJ. 
Patient satisfaction after total knee arthroplasty: Who is satisfied and who 
is not? Clin Orthop Relat Res. 2010;468(1):57-63.

8. Parvizi J, Nunley RM, Berend KR, Lombardi AV Jr, Ruh EL, Clohisy 
JC. High level of residual symptoms in young patients after total knee 
arthroplasty. Clin Orthop Relat Res. 2014;472(1):133-7.

9. Biant LC, Bentley G, Vijayan S, Skinner JA, Carrington RWJ. Long-term 
results of autologous chondrocyte implantation in the knee for chronic 
chondral and osteochondral defects. Am J Sports Med. 2014;42(9):2178-
83.

10. Brittberg M. Cell carriers as the next generation of cell therapy for 
cartilage repair: A review of the matrix-induced autologous chondrocyte 
implantation procedure. Am J Sports Med. 2010;38(6):1259-71.

11. Minas T, Keudell AV, Bryant T, Gomoll AH. The John Insall Award: A 
minimum 10-year outcome study of autologous chondrocyte implantation. 
Clin Orthop Relat Res. 2014;472(1):41-51.

12. Nho SJ, Pensak MJ, Seigerman DA, Cole BJ. Rehabilitation after autologous 
chondrocyte implantation in athletes. Clin Sports Med. 2010;29(2):267-82.

13. Brennan SA, Devitt BM, O'Neill CJ, Nicholson P. Focal femoral condyle 
resurfacing. Bone Joint J. 2013;95-B(3):301-4.

14. Becher C, Kalbe C, Thermann H, Paessler HH, Laprell H, Kaiser T. 
Minimum 5-year results of focal articular prosthetic resurfacing for the 
treatment of full-thickness articular cartilage defects in the knee. Arch 
Orthop Trauma Surg. 2011;131(8):1135-43.

15. Maria Dhollander AA, Almqvist KF, Moens K, Vandekerckhove PJ, 
Verdonk R, Verdonk P, et al. The use of a prosthetic inlay resurfacing as a 
salvage procedure for a failed cartilage repair. Knee Surg Sports Traumatol 
Arthrosc. 2015;23(8):2208-12.

16. Nathwani D, McNicholas M, Hart A, Miles J, Bobić V. Partial resurfacing 
of the knee with the biopoly implant: Interim report at 2 years. JB JS Open 
Access. 2017;2(2):e0011.

17. Stålman A, Sköldenberg O, Martinez-Carranza N, Roberts D, Högström 
M, Ryd L. No implant migration and good subjective outcome of a novel 
customized femroal resurfacing metal implant for focal chondral lesions. 
Knee Surg Sports Traumatol Arthrosc. 2018;26(7):2196-204.

18. Beyzadeoglu T, Pehlivanoglu T. Biological response following inlay 
arthroplasty of the knee: Cartilage flow over the implant. Cartilage. 
2018;9(2):156-60.

19. Bollars P, Bosquet M, Vandekerckhove B, Hardeman F, Bellemans J. 
Prosthetic inlay resurfacing for the treatment of focal, full thickness 
cartilage defects of the femoral condyle: A bridge between biologics 
and conventional arthroplasty. Knee Surg Sports Traumatol Arthrosc. 
2012;20(9):1753-9.

20. Becher C, Cantiller EB. Focal articular prosthetic resurfacing for the 
treatment of full-thickness articular cartilage defects in the knee: 12-year 
follow-up of two cases and review of the literature. Arch Orthop Trauma 
Surg. 2017;137(9):1307-17.

21. Graves S. Australian Orthopedic Association National Joint Replacement 
Registry. 2019:190.

22. Laursen JO, Lind M. Treatment of full-thickness femoral cartilage lesions 
using condyle resurfacing prosthesis. Knee Surg Sports Traumatol 
Arthrosc. 2017;25(3):746-51.

23. Ryd L. The mini-metal concept for treating focal lesions and its possible 
application in athletes. ASPETAR Sports Med J. 2016;10:292-5.

24. Schell H, Zimpfer E, Schmidt-Bleek K, Jung T, Duda GN, Ryd L. Treatment 
of osteochondral defects: Chondrointegration of metal implants improves 
after hydroxyapatite coating. Knee Surg Sports Traumatol Arthrosc. 
2019;27(11):3575-82.

25. Robertsson O. Annual Report Swedish Knee Arthroplasty Register. 2019.

26. Sarmiento A. Austin Moore prosthesis in the arthritic hip. Experiences in 
224 patients. Clin Orthop Rel Res. 1972;82:14-23.

27. Zhou Z, Yan F, Sha W, Wang L, Zhang X. Unipolar versus bipolar 
hemiarthroplasty for displaced femoral neck fractures in elderly patients. 
Orthopedics. 2015;38(11):697-702.

28. Laursen JO. High mid-term revision rate after treatment of large, full-
thickness cartilage lesions and OA in the patellofemoral joint using a 
large inlay resurfacing prosthesis: HemiCAP-Wave(R). Knee Surg Sports 
Traumatol Arthrosc. 2017;25(12):3856-61.

29. Custers RJH, Creemers LB, van Rijen MHP, Verbout AJ, Saris DBF, Dhert 
WJA. Cartilage damage caused by metal implants applied for the treatment 
of established localized cartilage defects in a rabbit model. J Orthop Res. 
2009;27(1):84-90.

30. Martinez-Carranza N, Berg HE, Hultenby K, Nurmi-Sandh H, Ryd L, 
Lagerstedt AS. Focal knee resurfacing and effects of surgical precision on 
opposing cartilage. A pilot study on 12 sheep. Osteoarthritis Cartilage. 
2013;21(5):739-45.

31. Barker MK, Seedhom BB. The relationship of the compressive modulus 
of articular cartilage with its deformation response to cyclic loading: Does 
cartilage optimize its modulus so as to minimize the strains arising in it due 
to the prevalent loading regime? Rheumatology (Oxford). 2001;40(3):274-
84.

32. Sanfridsson J, Ryd L, Svahn G, Fridén T, Jonsson K. Radiographic 
measurement of femorotibial rotation in weight-bearing. The influence of 
flexion and extension in the knee on the extensor mechanism and angles of 
the lower extremity in a healthy population. Acta Radiol. 2001;42(2):207-
17.

33. Schmalzried TP, Jasty M, Harris WH. Periprosthetic bone loss in total hip 
arthroplasty. Polyethylene wear debris and the concept of the effective 
joint space. J Bone Joint Surg Am. 1992;74(6):849-63.

34. Findlay DM. If good things come from above, do bad things come from 
below? Arthritis Res Ther. 2010;12(3):119.

35. McArthur BA, Scully R, Ross FP, Bostrom MPG, Falghren A. 
Mechanically induced periprosthetic osteolysis: A systematic review. HSS 
J. 2019;15(3):286-96.

36. Bergfeld JA. Articular cartilage injury: Filling potholes. Orthopedics. 
2004;27(9):973-4.

37. Madry H, Kon E, Condello V, Peretti GM, Steinwachs M, Seil R. Early 
osteoarthritis of the knee. Knee Surg Sports Traumatol Arthrosc. 
2016;24(6):1753-62.

38. Brånemark PI. Osseointegration and its experimental background. J 
Prosthet Dent. 1983;50(3):399-410.

39. Kremers HM, Lewallen EA, van Wijnen AJ, Lewallen DG. Clinical factors, 
disese parameters and molecular therapies affecting osseointegration of 
orthopedic implants. Curr Moll Biol Rep. 2016;2(3):123-32.

40. Martinez-Carranza N, Berg HE, Lagerstedt AS, Nurmi-Sandh H, 
Schupbach P, Ryd L. Fixation of a double-coated titanium-hydroxiapatite 
focal knee resurfacing implant a 12-month Study in sheep. Osteoarthritis 
Cartilage. 2014;22(6):836-44.

41. Søballe K, Toksvig-Larsen S, Gelineck J, Fruensgaard S, Hansen ES, Ryd L, 
et al. Migration of hydroxyapatite coated femoral prostheses. A Roentgen 
Stereophotogrammetric study. J Bone Joint Surg Br. 1993;75(5):681-7.

42. Hogrefe C, Joos H, Maheswaran V, Dürselen L, Ignatius A, Brenne RE. 

https://pubmed.ncbi.nlm.nih.gov/21818770/
https://pubmed.ncbi.nlm.nih.gov/17403800/
https://pubmed.ncbi.nlm.nih.gov/17403800/
https://pubmed.ncbi.nlm.nih.gov/17403800/
https://pubmed.ncbi.nlm.nih.gov/19844772/
https://pubmed.ncbi.nlm.nih.gov/19844772/
https://pubmed.ncbi.nlm.nih.gov/19844772/
https://pubmed.ncbi.nlm.nih.gov/24061845/
https://pubmed.ncbi.nlm.nih.gov/24061845/
https://pubmed.ncbi.nlm.nih.gov/24061845/
https://pubmed.ncbi.nlm.nih.gov/25002462/
https://pubmed.ncbi.nlm.nih.gov/25002462/
https://pubmed.ncbi.nlm.nih.gov/25002462/
https://pubmed.ncbi.nlm.nih.gov/25002462/
https://pubmed.ncbi.nlm.nih.gov/19966108/
https://pubmed.ncbi.nlm.nih.gov/19966108/
https://pubmed.ncbi.nlm.nih.gov/19966108/
https://pubmed.ncbi.nlm.nih.gov/23979923/
https://pubmed.ncbi.nlm.nih.gov/23979923/
https://pubmed.ncbi.nlm.nih.gov/23979923/
https://pubmed.ncbi.nlm.nih.gov/20226319/
https://pubmed.ncbi.nlm.nih.gov/20226319/
https://pubmed.ncbi.nlm.nih.gov/23450011/
https://pubmed.ncbi.nlm.nih.gov/23450011/
https://pubmed.ncbi.nlm.nih.gov/21643800/
https://pubmed.ncbi.nlm.nih.gov/21643800/
https://pubmed.ncbi.nlm.nih.gov/21643800/
https://pubmed.ncbi.nlm.nih.gov/21643800/
https://pubmed.ncbi.nlm.nih.gov/24752537/
https://pubmed.ncbi.nlm.nih.gov/24752537/
https://pubmed.ncbi.nlm.nih.gov/24752537/
https://pubmed.ncbi.nlm.nih.gov/24752537/
https://pubmed.ncbi.nlm.nih.gov/30229214/
https://pubmed.ncbi.nlm.nih.gov/30229214/
https://pubmed.ncbi.nlm.nih.gov/30229214/
https://pubmed.ncbi.nlm.nih.gov/29167954/
https://pubmed.ncbi.nlm.nih.gov/29167954/
https://pubmed.ncbi.nlm.nih.gov/29167954/
https://pubmed.ncbi.nlm.nih.gov/29167954/
https://pubmed.ncbi.nlm.nih.gov/29254356/
https://pubmed.ncbi.nlm.nih.gov/29254356/
https://pubmed.ncbi.nlm.nih.gov/29254356/
https://pubmed.ncbi.nlm.nih.gov/22076054/
https://pubmed.ncbi.nlm.nih.gov/22076054/
https://pubmed.ncbi.nlm.nih.gov/22076054/
https://pubmed.ncbi.nlm.nih.gov/22076054/
https://pubmed.ncbi.nlm.nih.gov/22076054/
https://pubmed.ncbi.nlm.nih.gov/26220332/
https://pubmed.ncbi.nlm.nih.gov/26220332/
https://pubmed.ncbi.nlm.nih.gov/26220332/
https://www.aspetar.com/journal/upload/PDF/201672614923.pdf
https://www.aspetar.com/journal/upload/PDF/201672614923.pdf
https://pubmed.ncbi.nlm.nih.gov/30879107/
https://pubmed.ncbi.nlm.nih.gov/30879107/
https://pubmed.ncbi.nlm.nih.gov/30879107/
https://pubmed.ncbi.nlm.nih.gov/30879107/
https://pubmed.ncbi.nlm.nih.gov/5011021/
https://pubmed.ncbi.nlm.nih.gov/5011021/
https://pubmed.ncbi.nlm.nih.gov/26558663/
https://pubmed.ncbi.nlm.nih.gov/26558663/
https://pubmed.ncbi.nlm.nih.gov/26558663/
https://pubmed.ncbi.nlm.nih.gov/27714438/
https://pubmed.ncbi.nlm.nih.gov/27714438/
https://pubmed.ncbi.nlm.nih.gov/27714438/
https://pubmed.ncbi.nlm.nih.gov/27714438/
https://pubmed.ncbi.nlm.nih.gov/18634008/
https://pubmed.ncbi.nlm.nih.gov/18634008/
https://pubmed.ncbi.nlm.nih.gov/18634008/
https://pubmed.ncbi.nlm.nih.gov/18634008/
https://pubmed.ncbi.nlm.nih.gov/23428602/
https://pubmed.ncbi.nlm.nih.gov/23428602/
https://pubmed.ncbi.nlm.nih.gov/23428602/
https://pubmed.ncbi.nlm.nih.gov/23428602/
https://pubmed.ncbi.nlm.nih.gov/11285374/
https://pubmed.ncbi.nlm.nih.gov/11285374/
https://pubmed.ncbi.nlm.nih.gov/11285374/
https://pubmed.ncbi.nlm.nih.gov/11285374/
https://pubmed.ncbi.nlm.nih.gov/11285374/
https://pubmed.ncbi.nlm.nih.gov/11259950/
https://pubmed.ncbi.nlm.nih.gov/11259950/
https://pubmed.ncbi.nlm.nih.gov/11259950/
https://pubmed.ncbi.nlm.nih.gov/11259950/
https://pubmed.ncbi.nlm.nih.gov/11259950/
https://pubmed.ncbi.nlm.nih.gov/1634575/
https://pubmed.ncbi.nlm.nih.gov/1634575/
https://pubmed.ncbi.nlm.nih.gov/1634575/
https://pubmed.ncbi.nlm.nih.gov/20519029/
https://pubmed.ncbi.nlm.nih.gov/20519029/
https://pubmed.ncbi.nlm.nih.gov/31624485/
https://pubmed.ncbi.nlm.nih.gov/31624485/
https://pubmed.ncbi.nlm.nih.gov/31624485/
https://pubmed.ncbi.nlm.nih.gov/15487422/
https://pubmed.ncbi.nlm.nih.gov/15487422/
https://pubmed.ncbi.nlm.nih.gov/27000393/
https://pubmed.ncbi.nlm.nih.gov/27000393/
https://pubmed.ncbi.nlm.nih.gov/27000393/
https://pubmed.ncbi.nlm.nih.gov/6352924/
https://pubmed.ncbi.nlm.nih.gov/6352924/
https://pubmed.ncbi.nlm.nih.gov/28008373/
https://pubmed.ncbi.nlm.nih.gov/28008373/
https://pubmed.ncbi.nlm.nih.gov/28008373/
https://pubmed.ncbi.nlm.nih.gov/24726379/
https://pubmed.ncbi.nlm.nih.gov/24726379/
https://pubmed.ncbi.nlm.nih.gov/24726379/
https://pubmed.ncbi.nlm.nih.gov/24726379/
https://pubmed.ncbi.nlm.nih.gov/22922824/


Johannes Holz, et al., Clinics in Surgery - Orthopedic Surgery

Remedy Publications LLC., | http://clinicsinsurgery.com/ 2021 | Volume 6 | Article 30564

Single impact cartilage trauma and TNF-alpha: Interactive effects do not 
increase early cell death and indicate the need for bi-/multidirectional 
therapeutic approaches. Int J Mol Med. 2012;30(5):1225-32.

43. Vannini F, Spalding S, Andriolo L, Berruto M, Denti M, Espregueira-
Mendes J, et al. Sport and early osteoarthritis: The role of sport in aetiology, 
progression and treatment of knee osteoarthritis. Knee Surg Sports 
Traumatol Arthrosc. 2016;24(6):1786-96.

44. Heinegard D, Saxne T. The role of the cartilage matrix in osteoarthritis. 
Nat Rev Rheumatol. 2011;7(1):50-6.

45. Saris DBF, Dhert WJA, Verbout AJ. Joint homeostasis. The discrepancy 
between old and fresh defects in cartilage repair. J Bone Joint Surg Br. 
2003;85(7):1067-76.

https://pubmed.ncbi.nlm.nih.gov/22922824/
https://pubmed.ncbi.nlm.nih.gov/22922824/
https://pubmed.ncbi.nlm.nih.gov/22922824/
https://pubmed.ncbi.nlm.nih.gov/27043343/
https://pubmed.ncbi.nlm.nih.gov/27043343/
https://pubmed.ncbi.nlm.nih.gov/27043343/
https://pubmed.ncbi.nlm.nih.gov/27043343/
https://pubmed.ncbi.nlm.nih.gov/21119607/
https://pubmed.ncbi.nlm.nih.gov/21119607/
https://pubmed.ncbi.nlm.nih.gov/14516049/
https://pubmed.ncbi.nlm.nih.gov/14516049/
https://pubmed.ncbi.nlm.nih.gov/14516049/

	Title
	Mini Review
	Opposing Cartilage
	Surrounding Cartilage
	Bonding
	Patient Selection
	Conclusion
	References

