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BONE MARROW STIMULATION TECHNIQUES

- Micro (nano) fracture

- mBMS



385 surgeons 

42-item questionnaire

70% use Microfracture Awl
17% Kirschner wire

47% use biologic agents (most common 
were scaffolds and injectable agents)



Micro fracture

Knorpeldefekt

Subchondrale  
Eröffnung

Mesenchymale 
Stammzellen

Faserknorpel
Steadman et al, 1987



Microfracture

• Conclusion:

– 28 Studies (3122 Patienten)
– Short to mid-time results: good
– Long time results are demending or inconsistent



• Systematic review of 11 level III and IV studies with average f/up 46 months
• Average RTS after microfx – 67% at mean of 8 ±1 month
• 67% returned to pre-injury level
• However, 36% of the studies included reported decreased level of activity in 

majority of patients between 2-5 years postoperatively



Problem – Hypertrophic Ossification



Technical Modifications



Microfracture versus Nanofracture

Microfracture possible shortcomings:

• Shallow marrow access
• Inconsistent depth
• Large diameter perforation
• Intra-channel bone compaction



12 animal studies 

• Subchondral	drilling	led	to	improved	
repair	outcome	compared	with	defects	
that	were	untreated	or	treated	with	
abrasion	arthroplasty	for	cartilage	repair

• Subchondral	drilling yields	improved	
short-term	structural	articular	cartilage	
repair	compared	with	spontaneous	repair



Level 2 Prospective Study

1.5 mm Drill versus Conventional Microfracture awl

34 patients each group

Improved IKDC, SF12 PCS, and KOOS Pain, Symptom, 
Sport, and Quality of Life (P < .04) at 6 months 

Lower revision rate at 3 years post-op

1 year follow up

Revision Rate





Nano -fracture

professional Soccer Player, male 31y
5.5 months post op



Matrix associated BMS



mBMS



Matrices

- HA, 2x2cm²
- gel-like consistency

- self adhearend, beidseitig einsetzbar 
- no need for additional fixation



NKHA

collagen 
type II 

Alcian-
blau

PK

More specific cartilage formation of stem cells  due to HA

real-time RT-PCR detection of
induced chondrogenic marker genes

- collagen type IIa1
- COMP 
- aggrecan



mBMS



1,5 cm² Microfx

SIZING

Implantation - med. femural condyle



Implantation - med. femural condyle



• Level 1 Study
• FU: 2 years

2020



Conclusion:

This is the first randomized controlled trial comparing m-BMS with a polyglycolic acid matrix
with hyaluronan with MF. The use of the Chondrotissue implant in m-BMS has been proven to
be a safe procedure. No difference was found between m-BMS and MF in terms of patient-
reported outcome scores and MRI assessment until postoperative 2 years. Long-term follow-up
studies including histological assessment are desirable for further investigation.



Chondux BST CarGEL GelrinC

Material Chondroitin-sulfate and Polyethylene 
glycol (PEG) hydrogel

Chitosan-glycerol phosphate Synthetic Polyethylene gycol di-
acrylate (PEG-DA) and denatured 
fibrinogen

Year 2009 2010 2013

Specifics Polymerized intraoperatively with UV 
light

Mixed with patient’s whole blood; 
Implantation in liquid form

Implantation in liquid form; Set in 
place with 90-second exposure to UV 
light

Outcome Level 1 study [1]
P: 18 to 65 y/o with full thickness 
femoral condyle defect 2 to 4 cm2

O: Improvement in pain 6 months 
post op;
Improvement in IKDC scores at 18 
and 24 months

Level 1 Study [2]
P:  18 to 55 y/o with full thickness 
femoral condyle defect
O: Improvement in radiographic 
outcomes at 5 years;
No difference WOMAC scores versus 
microfx alone

Level 2 study [3]
P: 18 to 65 y/o with full thickness 
femoral condyle defect 1 to 6 cm2

O:  Improvement in radiologic 
outcome (Magnetic Resonance 
Observation of Cartilage Repair 
Tissue; MOCART) at 2 years follow-up

[1] Wolf MT, Zhang H, Sharma B, et al. Two-Year Follow-Up and Remodeling Kinetics of ChonDux Hydrogel for Full-Thickness Cartilage Defect Repair in the Knee. CARTILAGE. 2020;11(4):447-457
[2] ] Shive MS, Stanish WD, McCormack R, Forriol F, Mohtadi N, Pelet S, Desnoyers J, Méthot S, Vehik K, Restrepo A. BST-CarGel® Treatment Maintains Cartilage Repair Superiority over Microfracture at 5 Years in a 
Multicenter Randomized Controlled Trial. Cartilage. 2015 Apr;6(2):62-72
[3]Schreiner MM, Raudner M, Szomolanyi P, Ohel K, Ben-Zur L, Juras V, Mlynarik V, Windhager R, Trattnig S. Chondral and Osteochondral Femoral Cartilage Lesions Treated with GelrinC: Significant Improvement of 
Radiological Outcome Over Time and Zonal Variation of the Repair Tissue Based on T2 Mapping at 24 Months. Cartilage. 2021 Dec;13(1_suppl):604S-616S. 

Acellular scaffolds



Chondux [1] BST CarGEL [2] GelrinC [3]

Material Chondroitin-sulfate and 
Polyethylene glycol (PEG) hydrogel

Chitosan-glycerol phosphate Synthetic Polyethylene gycol di-
acrylate (PEG-DA) and denatured 
fibrinogen

Year 2009 2010 2013

Specifics Polymerized intraoperatively with 
UV light

Mixed with patient’s whole blood; 
Implantation in liquid form

Implantation in liquid form; Set in 
place with 90-second exposure to UV 
light

Acellular scaffolds
Chondux [1]

Material Chondroitin-sulfate and 
Polyethylene glycol (PEG) 
hydrogel

Year 2009

Specifics Polymerized 
intraoperatively with UV 
light

BST CarGEL

Material Chitosan-glycerol 
phosphate 

Year 2010

Specifics Mixed with patient’s 
whole blood; Implantation 
in liquid form

Acellular scaffolds

GelrinC

Material Synthetic Polyethylene 
gycol di-acrylate (PEG-DA) 
and denatured fibrinogen

Year 2013

Specifics Implantation in liquid 
form; Set in place with 90-
second exposure to UV 
light



Biologic Augmentation



MFX + Adipose-derived MSCExtensive proteoglycan 
deposition

Extensive Collagen II Staining

VS 

MFX  alone

2016



2016

40 patients each group

Conclusions: Compared with MFX alone, MFX and ADSCs with fibrin glue
provided radiologic and KOOS pain and symptom subscore improvements, 
with no differences in activity, sports, or quality-of-life subscores, in 
symptomatic single cartilage defects of the knee that were 3 cm(2) or larger, 
with similar structural repair tissue.



Micro fracture – still a viable option for treatment of cartilage defects

Nanofractures/microdrilling – improved results (mostly animal studies)

Enhenced Microfracture – improved results

Conclusions






