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of current treatment options with an insight 
on future prospectives.

Meniscal tears

Meniscal tears are common injuries re-
sulting either primarily from degenerative 
changes or due to trauma.

Risk factors for degenerative meniscal 
tears are age (>60 years), gender (male), 
work-related kneeling and squatting, and 
climbing stairs (>30 flights).1 In addition, 
chronic knee instability or malalignement 
can lead also to degenerative meniscal tears.

Risk factors for acute meniscal tears are 
sport activities such as soccer and rugby.1 A 
study evaluating the incidence, risk, amount 
of time lost and effect on performance af-
ter isolated meniscal injury in athletes from 
the National Baketball Association (NBA) 
showed that the lateral meniscus is more of-
ten injured than the medial. In addition, the 
risk of tears was increased in players having 
a BMI >25.2 Epidemiologically, medial me-
niscus posterior root tears (MMPRT) show 
an association with age, female gender, 
high BMI, greater varus mechanical axis an-
gle and lower sports activity level compared 
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Biological treatment options  
in knee disorders

Many options for the treatment of knee in-
juries have evolved during the last decades. 
Joint preservation through the activation 
of biology is the aim of current treatment 
strategies, with rising numbers of options. 
Varying preferences regarding the ideal 
method of treatment are seen. This article 
highlights the common treatment options 
of traumatic knee injuries, with emphasis 
on the anterior cruciate ligament, meniscus 
and cartilage.
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Treatment options of knee disorders are 
being controversially discussed. This ar-

ticle summarizes current therapeutic strate-
gies, highlighting the pros and contras of the 
various procedures, with focus on meniscal 
tears, cartilage defects and ACL ruptures. 
For ACL ruptures, reconstruction methods 
are present the gold-standard. Since many 
recent reports proved an excellent intrinsic 
healing capacity of the ACL, a reflection on 
clinical practice is being experienced and 
initial reports of successful results are start-
ing to be published.

All the surgical treatment options aim at 
both initially restoring joint stability and 
function and reducing osteoarthritic risk in 
the long-term.

This article should provide an overview 

Corresponding author: S. Schwienbacher, Universit�tskli-S. Schwienbacher, Universit�tskli- Universit�tskli-
nik für Orthop�dische Chirurgie und Traumatologie Bern, 
Freiburgstrasse 4, 3010 Bern, Switzerland. 
E-mail: sschwienbacher84@googlemail.com

Anno: 2014
Mese: April
Volume: 65
No: 2
Rivista: MINERVA ORTOPEDICA E TRAUMATOLOGICA
Cod Rivista: MINERVA ORTOP TRAUMATOL

Lavoro: 3613-MOT
titolo breve: Biological treatment options in knee disorders
primo autore: SCHWIENBACHER
pagine: 163-70



164 MINERVA ORTOPEDICA E TRAUMATOLOGICA April 2014

SCHWIENBACHER BIOLOGICAL TREATMENT OPTIONS IN KNEE DISORDERS

be performed. All mobile sections that can 
be pulled past the inner margin of the me-
niscus into the center of the joint should be 
resected.9

A recently published study in the New Eng-
land Journal of Medicine (NEJM) compared 
arthroscopic partial meniscectomy versus 
sham surgery for degenerative meniscal tears 
in a multicenter, randomized, double-blind, 
sham-controlled trial. The study showed that 
the outcomes after arthroscopic partial me-
niscectomy were no better than those after a 
sham surgical procedure in patients between 
35 and 65 years of age without knee osteoar-
thritis; results that caused heavy debate in 
the orthopedic community.10

Repair and suture techniques

The indications to perform a meniscal re-
pair include the following factors:11

 — tear >1 cm and <4 cm in length;
 — red-red zone tears;
 — vertical tears;
 — patient age <40 years;
 — no mechanical axis malalignment;
 — acute tears (i.e., <6 wk);
 — concurrent anterior cruciate ligament 

reconstruction.
The vascular supply plays a significant 

role in the outcome after a meniscal repair. 
Highest healing rates were reported in re-
paired tears within 2 mm of the meniscal 
vascular rim whereas tears lying >4 mm 
from the rim have a high failure rates fol-
lowing repair. Tears in the white zone are 
commonly resected, as it is not vascularized 
and healing is not possible. Repair tech-
niques can be performed as inside-out, out-
side-in, all-inside or a combination of these 
techniques.

In the inside-out technique sutures are 
inserted into the meniscus arthroscopically, 
the needles with suture attached then are 
passed on either side of the tear through 
the meniscus, then out the knee through 
the capsule. An incision is made in the skin 
at the meniscus level, and the sutures are 
tied down to the capsule. The inside-out 
suturing was the first technique used for ar-
throscopic repair.

to individuals with other types of meniscal 
tears (Hwang et al., 2012).

There are different lesion patterns in a 
symptomatic knee with meniscal injury. The 
clinically relevant patterns in a painful knee 
involving the meniscus are radial, vertical, 
complex or displaced meniscal tears and 
abnormalities of the collateral ligaments, 
pericapsular soft tissues and bone marrow.3 
Furthermore, meniscal injuries are often 
associated with anterior cruciate ligament 
(ACL) tears.4

The diagnosis is set clinically, as evidence 
has shown that with the radiological diag-
nostic tools (e.g., MRI) it is not possible to 
have the absolute certainty of make a cor-
rect diagnosis in case of meniscal lesions.5

Conservative treatment

Meniscal tears are described by location 
and shape and are divided into the vascular 
and avascular zones (the red, red-white and 
the white zone). Zones are further divided 
into thirds both longitudinally and radially.6

The majority of meniscal tear patterns 
can be treated surgically. In some cases 
where no immobilization leads to pain re-
lief with no signs of locking, conservative 
treatment involving physical therapy focus-
ing on closed chain exercise of quadriceps 
and hamstrings could provide an option. 
There are no randomized trials comparing 
conservative therapy to surgical treatment 
of acute meniscal tears, however cohort 
studies showed considerable healing rates 
amongst patients treated conservatively.7

Resection

For many years total meniscectomy was a 
commonly performed procedure which was 
thought to have excellent results. In 1949 
Fairbank described the potential damaging 
effects of total meniscectomy, this proce-
dure is no longer performed nowadays.8

To avoid secondary damage after the to-
tal meniscectomy, partial meniscectomy is 
recommended when repair is not possible. 
Rosenberg et al. described general guide-
lines when a partial meniscectomy should 
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In contrast, a study published in The 
American Journal of Sports Medicine finds a 
32% reoperation rate for meniscal allograft 
transplantation (MAT) at mean 5-year fol-
low-up (minimum 2 years). Simple arthro-
scopic debridement was the most common 
subsequent surgical treatment, performed. 
Overall, eight of the 172 patients (4.7%) 
eventually required either revision MAT or 
total knee arthroplasty. Patients who re-
quired secondary surgery within 2 years 
had an odds ratio of 8.4 for future arthro-
plasty or MAT revision.18

Another alternative option that has 
gained considerable attention is collagen 
or polyurethane graft implantation. Studies 
showed that biodegradable, polyurethane 
scaffolds could be utilized for the treatment 
of patients with painful irreparable partial 
meniscal defects successfully.19 The acellu-
lar polyurethane scaffold showed consistent 
meniscus-like regeneration of tissue.20

A 10-year-follow up study by Zaffagnini 
et al. showed that pain, activity level and ra-
diological outcomes with a collagen implant 
of the medial meniscus are significantly im-
proved compared to partial meniscectomy, 
supporting meniscus-like matrix produc-
tion and the integration of the implant.21, 22 
In addition, safety and effectiveness of the 
procedure has been confirmed;23 the poly-
urethane graft implantation seems to be-
come an established procedure.

Future aspect

Finally, PRP is becoming popular in acute 
or chronic soft tissue injury. Although the 
field is widely unexplored, current literature 
suggests that PRP as a biological boost can 
be applied on meniscal tears in the avas-
cularized zone 24 even though tears in the 
avascularized zone are commonly resected 
due to non-healing.

Cartilage defects treatment options

Cartilage defects are a well known prob-
lem in the field of orthopedic medicine, 
causing variety of symptoms causing from 

The outside-in techniques passes sutures 
through the meniscus from the outside, 
thus avoiding the more extensive incisions 
and retractions involved inside-out repairs. 
Outside-in repairs are largely limited to 
anterior portions of the medial and lateral 
menisci.

The inside-out or outside-in repair tech-
niques are often used for tears within the 
intermedial portion or anterior horn of the 
meniscus. To perform this type of meniscal 
repair, an additional skin incision is needed 
with the occasional risk of creating neurov-
ascular complications, usually involving the 
infrapatellar branch of the saphenic nerve, 
and postoperative stiffness.12

The gold-standard today, in the meniscus 
repair, represents the all-inside technique. 
This technique reduces surgery time and 
does not require an additional approach 
which eliminates the risk of iatrogenic neu-
rovascular lesion.

The feasibility of the all-inside technique, 
especially in repairing the posterior horn 
of the lateral meniscus, have recently been 
confirmed using standard anteromedial and 
anterolateral portals.13

The all-inside-technique provides excel-
lent results in the long-term.14 No significant 
differences in meniscal healing between the 
all-inside comparing to the inside-out tech-
nique could have been demonstrated.12

Comparing meniscal repair with menis-
cectomy, it has been shown that meniscal 
repairs have a higher reoperation rate than 
partial meniscectomies, but the long-term 
outcome is better in patients treated with 
menical repair.15

Allograft

An alternative treatment option for a 
massive meniscal tears is meniscus allo-
graft transplantation (MAT). The procedure 
is constantly gaining popularity and was 
shown to be effective, with success rates 
reaching 80% in young patients aged less 
than 45 according to Cole.16, 17 The effec-
tiveness of the procedure in older patients 
is currently questioned and further studies 
are necessary.17
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thereby presenting the main pitfall of the 
procedure.29 To improve the approximation 
of the femoral cartilage curvature and joint 
congruence it is recommended to use only 
one osteochondral graft rather than many 
as in the case of mosaicplasty.30

The autologous matrix-induced chon-
drogenesis (AMIC) is the third alternative 
treatment option for cartilage. This proce-
dure is an option for localized full-thickness 
cartilage defects combining microfracturing 
with a collagen I/III scaffold. The results of 
a two-year follow-up study published by 
Gille et al., were very promising.31

Kusano et al. evaluated the clinical and 
radiological outcomes of patient with the 
AMIC procedure for full-thickness chondral 
and osteochondral defects of the femoral 
condyles and patella. Results showed that, 
especially osteochondral defects had a sig-
nificant improvement in the clinical out-
come scores (IKDC, Tegner, Lysholm and 
VAS pain score), whereas chondral defects 
showed an improvement too, but less than 
the osteochondral defects.32

Radiographically a moderate to complete 
filling with a normal to incidentally hyper-
intense signal in the MRI was seen in a 24- 
to 62-month follow-up observed by Gille et 
al.33 in 27 patients with chondral lesions by 
a mean defect size of 4.2 cm.2

However, further long-term results need 
to be awaited to determine structural integ-
rity over time.

The last treatment option on cartilage 
defects mentioned in this review is autolo-
gous chondrocyte transplantation (ACT), 
where cartilaginous cells are arthroscopi-
cally harvested from the non-weight bear-
ing regions of the knee, cultivated in-vitro 
for a duration of 4 to 6 weeks and reim-
planted in an arthrotomy procedure in the 
regions of cartilaginous defects. Long-term 
results over 10 years proved the procedure 
to be effective in the treatment of local-
ized, low impact cartilage lesions in young 
patients.34 The success of the procedure is 
partially attributed to the quality of colla-
gen type-2 rich hyaline-like cartilage pro-
duces in the defect lesions that is usually 
not achieved with the conventional treat-

pain to joint stiffness and ultimately ending 
in osteoarthritis.

Several treatment options exist including: 
microfracturing, osteochondral autogenous 
transplantation system (OATS) autologous 
matrix induced chondrogenesis (AMIC) au-
tologous chondrozyte transplantation (ACT) 
osteochondral).

Microfracturing – The gold standard?

The goal is to activate biology by induc-
ing migration of potential repair cells into 
the chondral or osteochondral defect. This 
could allow for the generation of fibrocar-
tilage in the defect region. This regener-
ated tissue is mostly composed of collagen 
type 1, compared to healthy cartilage tissue 
which is mostly 25 composed of collagen 
type 2. The difference in composition of fi-
brocartilage is reflected in its characteristics 
regarding stiffness, wear, and detoriation 
over time, which are known to be inferior 
to hyaline cartilage for the knee joint.26

An 11-year follow up by Steadman et al. 
showed that patients 45 years and young-
er who underwent the microfracture pro-
cedure for full-thickness chondral defects, 
without associated meniscus or ligament 
pathology, showed statistically significant 
improvement in function and indicated that 
they had less pain.27

This procedure provides the benefits of 
being simple, quick to perform and cheap; 
its effectiveness is, however, questioned for 
lesions larger than 3 cm2 in size.28

The osteochondral autogenous trans-
plantation system (OATS) is a further op-
tion based on harvesting cartilage tissue 
from the non-weight bearing posterior 
femoral condyle to fill the defect region. A 
5.5 year follow-up case-series of young pa-
tients with large osteochondral defects on 
the weight bearing zones showed excellent 
improvement in the Lysholm score, daily-
life-activity levels and return to recreational 
sports.25

The main problem encountered was de-
scribed to be during the healing process 
where cartilage to graft transition zones 
showed non-healing and incongruency 
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a number of prospective and retrospective 
studies comparing BTB and STG. Overall, 
there are no significant clinical and func-
tional differences between the two surgical 
techniques.39, 40 The advantage of the STG is 
relatively low overall postoperative pain, es-
pecially anterior knee pain. Thus, it would 
be the preferred choice of graft in ACL re-
construction for patients with a history of 
knee pain or who require kneeling. The ad-
vantage of the BTB is that it takes relatively 
quick for the graft to be integrated since 
there is a “bone-to-bone” healing compared 
to STG. The other sources of autografts in-
clude the quadriceps tendons. Although 
there has been little research on quadriceps 
tendon grafts, several recent studies sup-
port their use in ACL reconstruction.41

Allografts are indicated in patients 
undergo ing revision ACL. For primary ACL 
reconstruction, they are regularly used only 
in the United States. Allografts have advan-
tages including decreased operative time 
and no donor-site morbidity. In a meta-
analysis study and systematic review on the 
comparison of clinical outcomes of ACL re-
construction using autografts and allograft, 
there was no difference in the outcome 
scores, laxity, clinical failure rates, and re-
turn to sports.42 However, especially in Eu-
rope autografts are still pre ferred because 
allografts carry the possibility of disease 
transmis sion.

Since the knee joint is mainly stabilized 
by ligaments and muscles, optimal struc-
tured rehabilitation programs following 
ACL reconstruction are needed. The goal 
is to reach the best functional level with a 
minimal risk of new injuries when return-
ing to previous activity levels. Rehabilitation 
concepts must be mainly based on specific 
methods to challenge the stabilizing struc-
tures of the knee joint. There is growing 
knowledge on modifiable postsurgical risk 
factors such as biomechanical and neuro-
muscular impairments which can lead to 
second knee injury.43 Therefore, the trend 
goes from conservative efforts of prolonged 
immobilization to current paradigms that 
advocate a progressive increase in training 
loads.36 Standardized outcome measures for 

ment methods; which produce collagen 
type-1 rich fibrocartilage.

Furthermore, patients with osteochon-
drosis dissecans (OCD) of the knee had 
statistically significant pain reduction and 
functional improvement 48 months after 
ACT, as shown by Cole et. al in a prospec-
tive study of 40 patients.16

The downsides of the procedure are the 
need for two operations, the extremely 
expensive costs, and the ongoing debates 
due to the lack of high level of evidence 
randomized trials proving the benefits over 
other methods.

Anterior cruciate ligament ruptures

One of the most frequently encountered 
injuries to the knee joint is tear or rupture 
of the ACL. ACL injury rates show an asso-
ciation with the persue of sports involving 
pivoting activities such as soccer, basketball 
or handball.35 There is an inherent risk of 
ACL injury by the particular stress that the 
sport puts on the knee joint during turning, 
landing or falling. Cimino et al. summarized 
contributing impacts such as extrinsic (e.g., 
level of competition, weather/ground con-
ditions) and intrinsic risk factors (e.g., leg 
axis, tight strength).36

It is well established that the decision to 
refer to an orthopaedic surgeon is largely 
dependent on the preferences and activity 
level of the patient. It is recommended that 
any patient who plans to continue activi-
ties involving rapid acceleration, decelera-
tion and pivoting should be evaluated for 
surgery.37

Nowadays, arthroscopic reconstruction 
using a graft to replace the ligament is the 
gold standard among athletes with high 
sports activity level.38 Graft choice for ACL 
reconstruction is influenced by individual 
patient factors such as age, activity level and 
associated injuries. The two most common-
ly used autografts in ACL reconstruc tion are 
the patellar bone-tendon-bone grafts (BTB) 
and the four-strand hamstring tendon graft 
(STG; consisting of the gracilis and semiten-
dinosus tendons). To date, there have been 
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Conclusions

Despite the wide variety of available 
treatment options of knee injuries and dis-
orders, debate of which procedure to use 
is in the rise due to the lack of evidence 
from randomized trials. Nevertheless, joint 
preserving options are constantly gaining 
attention, and the indications are widening 
with improvement of surgical techniques 
and therapeutic strategies.

A glance at the future would allow for 
the prediction of less arthroplasty proce-
dures and more biological therapeutic op-
tions, that would further reduce and delay 
the need for prosthetic implants.

References

 1. Snoeker BA, Bakker EW, Kegel CA, Lucas C. Risk 
factors for meniscal tears: a systematic review in-
cluding meta-analysis. J Orthop Sports Phys Ther 
2013;43:352-67. 

 2. Yeh PC, Starkey C, Lombardo S, Vitti G, Kharrazi FD. 
Epidemiology of isolated meniscal injury and its ef-
fect on performance in athletes from the National 
Basketball Association. The American Journal of 
Sports Medicine 2012;40:589-94.

 3. Zanetti M, Pfirrmann CW, Schmid MR, Romero J, 
Seifert B, Hodler J. Patients with suspected meniscal 
tears: prevalence of abnormalities seen on MRI of 
100 symptomatic and 100 contralateral asymptomatic 
knees. AJR Am J Roentgenol 2003;181:635-41.

 4. Kilcoyne KG, Dickens JF, Haniuk E, Cameron KL, 
Owens BD. Epidemiology of meniscal injury associ-
ated with ACL tears in young athletes. Orthopedics 
2012;35:208-12.

 5. Rinonapoli G, Carraro A, Delcogliano A. The clinical 
diagnosis of meniscal tear is not easy. Reliability of 
two clinical meniscal tests and magnetic resonance 
imaging. Int J Immunopathol Pharmacol 2011;24(1 
Suppl 2):39-44.

 6. Cooper DE, Arnoczky SP, Warren RF. Meniscal repair. 
Clin Sports Med 1991;10:529-48.

 7. Yagishita K, Muneta T, Ogiuchi T, Sekiya I, Shinomi-
ya K. Healing potential of meniscal tears without re-
pair in knees with anterior cruciate ligament recon-
struction. The American Journal of Sports Medicine 
2004;32:1953-61.

 8. Fairbank TJ. Knee joint changes after meniscectomy. 
The Journal of Bone and Joint Surgery British Volume 
1948;30B:664-70.

 9. Rosenberg TD, Metcalf RW, Gurley WD. Arthroscopic 
meniscectomy. Instr Course Lect 1988;37:203-8.

10. Sihvonen R, Paavola M, Malmivaara A, Itala A, Jou-
kainen A, Nurmi H et al. Arthroscopic partial men-
iscectomy versus sham surgery for a degenerative 
meniscal tear. N Engl J Med 2013;369:2515-24.

11. Laible C, Stein DA, Kiridly DN. Meniscal repair. J Am 
Acad Orthop Surg 2013;21:204-13.

12. Choi NH, Kim TH, Victoroff BN. Comparison of ar-
throscopic medial meniscal suture repair techniques: 

evaluating individual patient progress in 
performance and knee function has been 
established.44, 45

The clinical results with tendon grafts are 
still under discussion. A recent meta-analysis 
revealed that only 40% of patients achieve 
full recovery independent of surgical tech-
nique. There are several well-known disad-
vantages when using autologous materials 
such as donor-site morbidity, loss of stability 
and persisting femoral muscle atrophy. High 
re-injury rates as well as early onset of osteo-
arthritis are reported as further consequenc-
es. One explanation could be that removal 
of the native ACL tissue containing sensory 
nerve fibres and mechanoreceptors causes 
the ligament to lose its function in “proprio-
ceptive communication”, followed by a de-
creased muscular stability of the knee joint.

Based on evidence from recent studies 
supporting the healing potential of the 
ruptured ACL,46-48 dynamic intraligamenta-
ry stabilization (DIS: Ligamys, Mathys AG 
Bettlach, Switzerland) arised as a new sur-
gical technique for the treatment of acute 
ACL ruptures.49, 50 The DIS device com-
bines an internal dynamic screw-spring 
mechanism with a thin polyethylene thread 
to provide continuous stability of the knee 
joint during the self-healing period. To en-
able biological healing, surgery involves 
micro fracturing of the femoral footprint 
according to Steadman et al.51 and a leu-
cocyte and platelet-rich fibrin (PRF) clot is 
attached to the rupture site.52 Finally, a re-
sorbable collagen patch is placed over the 
defect.53, 54

Compared to classical reconstruction 
techniques the DIS permits repair of the 
injured ACL exploiting physiological heal-
ing process. The major complications of 
the graft replacement techniques such as 
donor-site morbidity and weakening of sec-
ondary knee stabilizers can be avoid due 
to the preservation of the still vital cruci-
ate ligament tissue. At the moment, further 
prospective studies of this new surgery ap-
proach are needed to evaluate mid- and 
long-term results regarding clinical out-
comes as well as the safe return to sports 
performance.



Vol. 65 - No. 2 MINERVA ORTOPEDICA E TRAUMATOLOGICA 169

BIOLOGICAL TREATMENT OPTIONS IN KNEE DISORDERS SCHWIENBACHER

matic chondral defects of the knee: average 11-year 
follow-up. Arthroscopy 2003;19:477-84.

28. Negrin L, Kutscha-Lissberg F, Gartlehner G, Vecsei V. 
Clinical outcome after microfracture of the knee: a 
meta-analysis of before/after-data of controlled stud-
ies. Int Orthop 2012;36:43-50.

29. Sun J, Hou XK, Yong K, Shi M. Incongruity affect-
ing osteochondral repair by mosaicplasty technique 
in an animal model. Arch Orthop Trauma Surg 
2013;133:781-8.

30. Agneskirchner JD, Brucker P, Burkart A, Imhoff AB. 
Large osteochondral defects of the femoral condyle: 
press-fit transplantation of the posterior femoral con-
dyle (MEGA-OATS). Knee Surg Sports Traumatol Ar-
throsc 2002;10:160-8.

31. Gille J, Behrens P, Volpi P, de Girolamo L, Reiss E, 
Zoch W et al. Outcome of Autologous Matrix Induced 
Chondrogenesis (AMIC) in cartilage knee surgery: 
data of the AMIC Registry. Arch Orthop Trauma Surg 
2013;133:87-93.

32. Kusano T, Jakob RP, Gautier E, Magnussen RA, 
Hoogewoud H, Jacobi M. Treatment of isolated chon-
dral and osteochondral defects in the knee by autolo-
gous matrix-induced chondrogenesis (AMIC). Knee 
Surg Sports Traumatol Arthrosc 2012;20:2109-15.

33. Gille J, Schuseil E, Wimmer J, Gellissen J, Schulz AP, 
Behrens P. Mid-term results of Autologous Matrix-
Induced Chondrogenesis for treatment of focal carti-
lage defects in the knee. Knee Surg Sports Traumatol 
Arthrosc 2010;18:1456-64.

34. Martincic D, Radosavljevic D, Drobnic M. Ten-year 
clinical and radiographic outcomes after autologous 
chondrocyte implantation of femoral condyles. Knee 
Surg Sports Traumatol Arthrosc 2013 [E-pub ahead of 
print].

35. Griffin LY, Agel J, Albohm MJ, Arendt EA, Dick RW, 
Garrett WE et al. Noncontact anterior cruciate liga-
ment injuries: risk factors and prevention strategies. J 
Am Acad Orthop Surg 2000;8:141-50.

36. Cimino F, Volk BS, Setter D. Anterior cruciate liga-
ment injury: diagnosis, management, and prevention. 
American Family Physician 2010;82:917-22.

37. Shelbourne KD, Rowdon GA. Anterior cruciate liga-
ment injury. The competitive athlete. Sports Med 
1994;17:132-40.

38. Radice F, Yanez R, Gutierrez V, Rosales J, Pinedo M, 
Coda S. Comparison of magnetic resonance imaging 
findings in anterior cruciate ligament grafts with and 
without autologous platelet-derived growth factors. 
Arthroscopy 2010;26:50-7.

39. Goldblatt JP, Fitzsimmons SE, Balk E, Richmond JC. 
Reconstruction of the anterior cruciate ligament: me-
ta-analysis of patellar tendon versus hamstring ten-
don autograft. Arthroscopy 2005;21:791-803.

40. Herrington L, Wrapson C, Matthews M, Matthews H. 
Anterior cruciate ligament reconstruction, hamstring 
versus bone-patella tendon-bone grafts: a systemat-
ic literature review of outcome from surgery. Knee 
2005;12:41-50.

41. DeAngelis JP, Fulkerson JP. Quadriceps tendon -- A 
reliable alternative for reconstruction of the anterior 
cruciate ligament. Clin Sports Med 2007;26:587-96.

42. Carey JL, Dunn WR, Dahm DL, Zeger SL, Spindler KP. 
A systematic review of anterior cruciate ligament re-
construction with autograft compared with allograft. 
J Bone Joint Surg Am 2009;91:2242-50.

43. Hewett TE, Di Stasi SL, Myer GD. Current concepts 
for injury prevention in athletes after anterior cru-
ciate ligament reconstruction. Am J Sports Med 
2013;41:216-24.

44. Reid A, Birmingham TB, Stratford PW, Alcock GK, 

inside-out versus all-inside repair. The American 
Journal of Sports Medicine 2009;37:2144-50.

13. Fiorentino G, de Caro F, Cepparulo R, Guardoli A, 
Berni L, Delcogliano M et al. Easy and Safe All-Inside 
Suture Technique for Posterior Horn Tears of Lateral 
Meniscus Using Standard Anteromedial and Antero-
lateral Portals. Arthrosc Tech 2013;2:e355-9. 14. 
Pujol N, Tardy N, Boisrenoult P, Beaufils P. Long-term 
outcomes of all-inside meniscal repair. Knee Surgery, 
Sports Traumatology, Arthroscopy 2013 [E-pub ahead 
of print].

15. Paxton ES, Stock MV, Brophy RH. Meniscal repair 
versus partial meniscectomy: a systematic review 
comparing reoperation rates and clinical outcomes. 
Arthroscopy. 2011;27:1275-88.

16. Cole BJ, DeBerardino T, Brewster R, Farr J, Levine 
DW, Nissen C et al. Outcomes of autologous chon-
drocyte implantation in study of the treatment of 
articular repair (STAR) patients with osteochondritis 
dissecans. The American Journal of Sports Medicine 
2012;40:2015-22.

17. Rodeo SA. Meniscal allografts - where do we stand? 
The American Journal of Sports Medicine 2001;29:246-
61.

18. McCormick F, Harris JD, Abrams GD, Hussey KE, 
Wilson H, Frank R et al. Survival and Reoperation 
Rates After Meniscal Allograft Transplantation: Analy-
sis of Failures for 172 Consecutive Transplants at a 
Minimum 2-Year Follow-up. The American Journal of 
Sports Medicine 2014 [E-pub ahead of print].

19. Verdonk P, Beaufils P, Bellemans J, Djian P, Hein-
richs EL, Huysse W et al. Successful treatment of 
painful irreparable partial meniscal defects with a 
polyurethane scaffold: two-year safety and clinical 
outcomes. The American Journal of Sports Medicine 
2012;40:844-53.

20. Verdonk R, Verdonk P, Huysse W, Forsyth R, Hein-
richs EL. Tissue ingrowth after implantation of a nov-
el, biodegradable polyurethane scaffold for treatment 
of partial meniscal lesions. The American Journal of 
Sports Medicine 2011;39:774-82.

21. Zaffagnini S, Marcheggiani Muccioli GM, Lopomo N, 
Bruni D, Giordano G, Ravazzolo G et al. Prospective 
long-term outcomes of the medial collagen meniscus 
implant versus partial medial meniscectomy: a mini-
mum 10-year follow-up study. The American Journal 
of Sports Medicine 2011;39:977-85.

22. Rodkey WG, DeHaven KE, Montgomery WH 3rd, 
Baker CL Jr, Beck CL Jr, Hormel SE et al. Comparison 
of the collagen meniscus implant with partial menis-
cectomy. A prospective randomized trial. J Bone Joint 
Surg Am 2008;90:1413-26.

23. Kon E, Filardo G, Zaffagnini S, Di Martino A, Di Mat-
teo B, Marcheggiani Muccioli GM et al. Biodegrad-
able polyurethane meniscal scaffold for isolated 
partial lesions or as combined procedure for knees 
with multiple comorbidities: clinical results at 2 years. 
Knee Surg Sports Traumatol Arthrosc 2014;22:128- 
34.

24. Braun HJ, Wasterlain AS, Dragoo JL. The use of PRP 
in ligament and meniscal healing. Sports Med Ar-
throsc 2013;21:206-12.

25. Braun S, Minzlaff P, Hollweck R, Wortler K, Imhoff 
AB. The 5.5-year results of MegaOATS--autologous 
transfer of the posterior femoral condyle: a case-se-
ries study. Arthritis Res Ther 2008;10:R68.

26. Jackson DW, Scheer MJ, Simon TM. Cartilage substi-
tutes: overview of basic science and treatment op-
tions. J Am Acad Orthop Surg 2001;9:37-52.

27. Steadman JR, Briggs KK, Rodrigo JJ, Kocher MS, Gill 
TJ, Rodkey WG. Outcomes of microfracture for trau-



170 MINERVA ORTOPEDICA E TRAUMATOLOGICA April 2014

SCHWIENBACHER BIOLOGICAL TREATMENT OPTIONS IN KNEE DISORDERS

ture: self-healing through dynamic intraligamentary 
stabilization technique. Knee Surg Sports Traumatol 
Arthrosc 2013;21:599-605.

54. Kohl S, Evangelopoulos DS, Ahmad SS, Kohlhof H, 
Herrmann G, Bonel H et al. A novel technique, dy-
namic intraligamentary stabilization creates optimal 
conditions for primary ACL healing: a preliminary 
biomechanical study. Knee 2013 [Epub ahead of 
print].

55. Steadman JR, Matheny LM, Briggs KK, Rodkey WG, 
Carreira DS. Outcomes following healing response 
in older, active patients: a primary anterior cruciate 
ligament repair technique. J Knee Surg 2012;25:255-
60.

56. Zumstein MA, Berger S, Schober M, Boileau P, 
Nyffeler RW, Horn M et al. Leukocyte- and platelet-
rich fibrin (L-PRF) for long-term delivery of growth 
factor in rotator cuff repair: review, preliminary re-
sults and future directions. Curr Pharm Biotechnol 
2012;13:1196-206.

57. Mastrangelo AN, Vavken P, Fleming BC, Harrison SL, 
Murray MM. Reduced platelet concentration does not 
harm PRP effectiveness for ACL repair in a porcine in 
vivo model. J Orthop Res 2011;29:1002-7.

58. Murray MM, Spindler KP, Abreu E, Muller JA, Nedder 
A, Kelly M et al. Collagen-platelet rich plasma hydro-
gel enhances primary repair of the porcine anterior 
cruciate ligament. J Orthop Res 2007;25:81-91.

Conflicts of interest.—The authors certify that there is no 
conflict of interest with any financial organization regarding 
the material discussed in the manuscript.

Giffin JR. Hop testing provides a reliable and val-
id outcome measure during rehabilitation after an-
terior cruciate ligament reconstruction. Phys Ther 
2007;87:337-49.

45. Hasan HA. Tegner and Lysholm scores in brace-free 
rehabilitation. Saudi Med J 2004;25:1962-6.

46. Biau DJ, Tournoux C, Katsahian S, Schranz P, Nizard 
R. ACL reconstruction: a meta-analysis of functional 
scores. Clin Orthop Relat Res 2007;458:180-7.

47. Myklebust G, Bahr R. Return to play guidelines after 
anterior cruciate ligament surgery. Br J Sports Med 
2005;39:127-31.

48. Barrack RL, Skinner HB, Buckley SL. Proprioception 
in the anterior cruciate deficient knee. Am J Sports 
Med 1989;17:1-6.

49. Beard DJ, Kyberd PJ, Dodd CA, Simpson AH, 
O‘Connor JJ. Proprioception in the knee. J Bone Joint 
Surg Br 1994;76:992-3.

50. Fujimoto E, Sumen Y, Ochi M, Ikuta Y. Spontane-
ous healing of acute anterior cruciate ligament (ACL) 
injuries - conservative treatment using an extension 
block soft brace without anterior stabilization. Arch 
Orthop Traum Su 2002;122:212-6.

51. Costa-Paz M, Ayerza MA, Tanoira I, Astoul J, Mus-
colo DL. Spontaneous healing in complete ACL rup-
tures: a clinical and MRI study. Clin Orthop Relat Res 
2012;470:979-85.

52. Ihara H, Miwa M, Deya K, Torisu K. MRI of anterior 
cruciate ligament healing. J Comput Assist Tomogr 
1996;20:317-21.

53. Kohl S, Evangelopoulos DS, Kohlhof H, Hartel M, 
Bonel H, Henle P et al. Anterior crucial ligament rup-

T
hi

s 
do

cu
m

en
t 

is
 p

ro
te

ct
ed

 b
y 

in
te

rn
at

io
na

l c
op

yr
ig

ht
 la

w
s.

N
o 

ad
di

tio
na

l r
ep

ro
du

ct
io

n 
is

 a
ut

ho
riz

ed
.I

t 
is

 p
er

m
itt

ed
 fo

r 
pe

rs
on

al
 u

se
 t

o 
do

w
nl

oa
d 

an
d 

sa
ve

 o
nl

y 
on

e 
fil

e 
an

d 
pr

in
t 

on
ly

 o
ne

 c
op

y 
of

 t
hi

s 
A

rt
ic

le
.I

t 
is

 n
ot

 p
er

m
itt

ed
 t

o 
m

ak
e 

ad
di

tio
na

l c
op

ie
s

(e
ith

er
 s

po
ra

di
ca

lly
 o

r 
sy

st
em

at
ic

al
ly

, 
ei

th
er

 p
rin

te
d 

or
 e

le
ct

ro
ni

c)
 o

f 
th

e 
A

rt
ic

le
 fo

r 
an

y 
pu

rp
os

e.
It 

is
 n

ot
 p

er
m

itt
ed

 t
o 

di
st

rib
ut

e 
th

e 
el

ec
tr

on
ic

 c
op

y 
of

 t
he

 a
rt

ic
le

 t
hr

ou
gh

 o
nl

in
e 

in
te

rn
et

 a
nd

/o
r 

in
tr

an
et

 f
ile

 s
ha

rin
g 

sy
st

em
s,

 e
le

ct
ro

ni
c 

m
ai

lin
g 

or
 a

ny
 o

th
er

m
ea

ns
 w

hi
ch

 m
ay

 a
llo

w
 a

cc
es

s 
to

 t
he

 A
rt

ic
le

.T
he

 u
se

 o
f 

al
l o

r 
an

y 
pa

rt
 o

f 
th

e 
A

rt
ic

le
 fo

r 
an

y 
C

om
m

er
ci

al
 U

se
 is

 n
ot

 p
er

m
itt

ed
.T

he
 c

re
at

io
n 

of
 d

er
iv

at
iv

e 
w

or
ks

 f
ro

m
 t

he
 A

rt
ic

le
 is

 n
ot

 p
er

m
itt

ed
.T

he
 p

ro
du

ct
io

n 
of

 r
ep

rin
ts

 fo
r 

pe
rs

on
al

 o
r 

co
m

m
er

ci
al

 u
se

 is
no

t 
pe

rm
itt

ed
.I

t 
is

 n
ot

 p
er

m
itt

ed
 t

o 
re

m
ov

e,
 c

ov
er

, 
ov

er
la

y,
 o

bs
cu

re
, 

bl
oc

k,
 o

r 
ch

an
ge

 a
ny

 c
op

yr
ig

ht
 n

ot
ic

es
 o

r 
te

rm
s 

of
 u

se
 w

hi
ch

 t
he

 P
ub

lis
he

r 
m

ay
 p

os
t 

on
 t

he
 A

rt
ic

le
.I

t 
is

 n
ot

 p
er

m
itt

ed
 t

o 
fr

am
e 

or
 u

se
 f

ra
m

in
g 

te
ch

ni
qu

es
 t

o 
en

cl
os

e 
an

y 
tr

ad
em

ar
k,

 lo
go

,
or

 o
th

er
 p

ro
pr

ie
ta

ry
 in

fo
rm

at
io

n 
of

 t
he

 P
ub

lis
he

r.


	Cop Min Ortopedica 2 2014.pdf
	06-3613-MOT

