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Abstract: Meniscal lesions often occur in association with anterior cruciate ligament (ACL) tears
at the moment of the injury or, secondarily, as a consequence of knee instability. Both ACL and
meniscus lesions are associated with a higher risk of osteoarthritis. Adequate treatment of these
lesions reduces the rate of degenerative changes in the affected knee. Meniscal tears should be
addressed concomitantly with ACL reconstruction and the treatment must be oriented towards
preserving the meniscal tissue anytime this is possible. Several options for approaching a meniscus
tear are available. The meniscal suture should always be considered, and, if possible, meniscectomy
should be the last choice. “Masterly neglect” is a valuable option in selected cases.
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Management Associated with ACL

Meniscal injuries often occur in association with ACL injuries (incidence of 55-80%).
The incidence of concomitant appearance of these lesions is higher in chronic instabilities
than at the time of the initial trauma [1-5]. In association with an acute ACL lesion, their in-
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PP cidence varies (25-45% for the medial meniscus and 31-65% for the lateral meniscus) [6-8].
Academic Editors: Horia Haragus If left untreated, these tears increase in complexity and become less repairable over time,
and Dinu Vermesan especially on the lateral side [7-10].

Patients with chronic ACL ruptures can develop consequent functional instability.
If ACL reconstruction is not performed, secondary meniscal injuries may occur. Their
incidence increases as the time pass from the initial trauma (about 40% after one year, over
60% after five years, and over 80% after ten years) [11,12]. Medial meniscus tears are more
frequently associated with chronic ACL insufficiency [13,14].

Isolated ACL or isolated meniscus injuries are already associated with an increased
risk of OA [15]. Concomitant meniscal and ACL tears are even stronger predictors for knee
osteoarthritis (OA) that may be present in 60-90% of these patients after 10-15 years from

® the initial trauma [10,16,17].
Results after ACL reconstruction are worse in terms of patient satisfaction if a pre-

vious meniscectomy was performed or if a concomitant lateral meniscectomy (partial or
total) is performed [18-21]. Initial meniscus damage increases the risk of OA by at least
This article is an open access article  3-04 times [15]. Delaying ACL reconstruction for more than six months increases the risk of
distributed under the terms and  Secondary lesions or progression of initial lesions (meniscus/cartilage) [17,21-23].
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2. Therapeutical Options for Meniscal Lesions with Concomitant ACL Reconstruction

The treatment of meniscal tears has evolved in the last 30 years from open surgery to
arthroscopy, from total to partial meniscectomy, and, in recent years, towards preserving
meniscus techniques-leave in situ (masterly neglect) or meniscal repair (suture) [21].

2.1. Meniscectomy Associated with ACL Reconstruction

Meniscectomy (partial, total) was the preferred treatment for many years because
of its benefits, namely the fact that a low rate of early complications and no short or
medium-term re-arthroscopy is required (such as in failed sutured menisci lesions) [1,26,27].
After meniscectomy, patients generally require significant less time for recovery than after
meniscus repair [28].

Unfortunately, meniscectomy is associated with disadvantages such as inferior results
in terms of patient satisfaction with long-term pain, episodes of joint effusion, and a higher
risk of OA [18,26,29]. Partial meniscectomy is better tolerated and has superior clinical
results compared to total meniscectomy with a superior quality of life [18,30-34].

The meniscus has an important biomechanical role being the secondary stabilizer to
the anterior translation and rotatory stability, after the ACL [35-39]. Therefore, in ACL
deficient knees, meniscectomy can alter the loading patterns, increase the focal contact
pressures, and accentuate the symptoms of instability [26,39].

Fortunately, in the treatment of meniscal lesions, partial meniscectomy decreased in
frequency as our knowledge progressed and as the repair techniques improved. However,
there is still room for improvement [40].

Partial meniscectomy in association with an ACL reconstruction can still be considered
if other meniscal preservation techniques have a reduced chance of success [40,41]. Usually,
meniscectomy is reserved for degenerative meniscal tears, ruptures in the white-white
region of the meniscus, complex ruptures, and chronic displaced ruptures with plastic
deformation [40].

Meniscectomy without ACL reconstruction should be performed only as an exception
if all four of the following criteria are met: (1) symptomatic meniscal tear; (2) irreparable
meniscal tear; (3) no significant knee laxity on clinical examination; and (4) elderly or
inactive patient or refuses ACL reconstruction [40].

Lateral meniscus meniscectomy is associated with a higher risk of OA than medial
meniscus meniscectomy, mainly due to the difference in the concavity of the two tibial
plateaus [20,42,43]. Furthermore, the progression of OA depends on the amount of meniscal
tissue that has been removed [44,45]. The Moon and Mars Groups studies showed that
meniscectomy of more than 33% of the lateral meniscus at the time of ACL reconstruction
determined a 17X increase in the damage progression of the lateral compartment articular
cartilage [43]. This increased risk is significantly lower after a similar loss of the medial
meniscus [21,42].

Worse results have been reported after lateral than after medial meniscectomy. [43].
This is due to anatomical and biomechanical reasons: the lateral meniscus carries more
load in the lateral compartment than the medial meniscus does in the medial compartment
(70% vs. 50%) and the lateral knee compartment is less congruent than the medial one [44].

In professional athletes who underwent partial lateral meniscectomy, a significantly
delayed return to sports has been noted along with more adverse events such as persistent
pain and joint effusion than those undergoing partial medial meniscectomy. This has led to a
higher likelihood of further arthroscopic procedures and a higher rate in resuming sporting
activity [45-47]. Radiographic deterioration and faster knee osteoarthritis progression were
more frequent after lateral than medial meniscectomy [48-51].

Due to the high rate of OA progression after meniscectomy and ACL reconstruc-
tion, preserving the meniscus should be the first option when treating these knees and,
if meniscectomy cannot be avoided, the minimal amount of meniscal tissue should be
removed [52-55].
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2.2. Masterly Neglect (Leaving In Situ) Associated with ACL Reconstruction

Healing of a meniscus lesion, without performing any type of procedure, is possible
in certain conditions [56]. Lateral stable meniscal tears, left in situ (untreated), can heal in a
high percentage of cases, avoiding the complications related to meniscectomy or suture but
this happens only if the ACL is reconstructed [52]. If the ACL deficient knee is not stabilized,
these stable meniscal tears will progress in size over time and become symptomatic [52].

There are strict indications for leaving the meniscus “in situ” or “masterly neglect”:
stable, complete longitudinal ruptures, less than 10 mm long [52]. This type of meniscal
rupture, especially if associated with recent trauma, usually doesn’t generate mechanical
symptoms, and heals spontaneously in the vast majority of cases [1,52,57-60]. Lateral stable
meniscus tears seem to heal better than medial tears if left in situ and therefore they are the
best candidates for this type of approach [1,60-63]. Ramp lesions are a special category and
will be treated separately.

2.3. Meniscal Repair Associated with ACL Reconstruction

When deciding what meniscal ruptures should be repaired, we must consider both
rupture characteristics (size, appearance, acute vs. chronic, location) as well as general
factors (age, activity level, knee stability, alignment) [1].

Although the repair rate is still low and there is a mismatch between the repairable
meniscal tears (30%) and the number of performed repairs (4-10%), there is a visible trend
toward surgical repair in the last 15-20 years [1,64—66].

The best indication for suturing is an unstable, vertical, longitudinal rupture located
in the peripheral region (red-red zone) of the meniscus. Since the tissue is of good quality
and well-vascularized, the healing rates are higher and the benefit the greatest [41,67]. The
vertical longitudinal ruptures can be easily reduced and are ideal for the placement of
vertical sutures [67].

Meniscal repair has significantly higher success rates in early stabilized knees if per-
formed early after trauma (<12 weeks). A repaired meniscus also provides better outcomes
in ACL reconstructed knees. When repair is required, surgery should be performed as soon
as possible to maximize the suture success rate and reduce secondary damage [1,5,68-70].

Therefore, the general rule is to perform reconstruction of the ACL and the meniscal suture
simultaneously. A possible exception/alternative could be a non-reducible bucket handle tear
in an inflamed knee with a subacute ACL tear. A two-step approach may be the best option to
reduce the risk of arthrofibrosis if one-stage surgery cannot be performed [1,71,72].

If the two-stage approach is chosen, the ACL reconstruction should be performed as
soon as possible (weeks) after full ROM is obtained and the knee is no longer inflamed due
to the increased risk of re-rupture of the repaired meniscus (1% for each month after the
first surgery) [1,73].

Arthroscopic meniscus repairs have become part of the routine, open surgery being
performed exceptionally for specific cases. Initially, the inside-out technique has been
considered the gold standard for meniscal repair [74], till outside-in and all-inside tech-
niques were developed. Currently, the newer generation meniscal repair devices exhibit
biomechanical properties similar to inside-out sutures [74-76].

First-generation all-inside repair devices were rigid and had high failure rates and
produced articular cartilage damage. Therefore, they became unsuitable for meniscal
repair [74,77]. The presently preferred all-inside systems are the flexible suture- and anchor-
based repair devices which are used for the management of tears located at the posterior
horn and body of both menisci. They are built with dual anchors connected by a pre-tied,
sliding, and self-locking knot, allowing for appropriate tensioning across the meniscal tear
The anterior horn is better approached with an outside-in technique [78].

The ideal suture for meniscal repair should have a high load to failure to prevent
detachment, high stiffness to prevent deformation, and low displacement to avoid suture
elongation [79,80]. New biomaterials are better engineered to provide optimum strength
and absorption profile [80].
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Meniscal sutures have a higher load to failure and greater stiffness properties than
meniscal repair devices [81]. With respect to the suture material, the top suture repairs
were vertical sutures performed with PDS 0, Orthocord 00, Ethibond 0, FiberWire® and
FiberTape®. FiberTape seems to be the strongest and stiffest material with the lowest
elongation rate [79,82].

With regard to the devices, second-generation devices were significantly stronger and
stiffer than first-generation devices (Meniscal Viper (Arthrex, Munich, Germany), MaxFire
(Biomet, Warsaw, IN, USA), and FasT Fix (Smith&Nephew, London, UK)) [74,75].

Modern meniscal suture devices make repairs more feasible by increasing accuracy,
speed and reproducibility. Newer devices with a backstop may be used in tears that are
more peripheral [83]. Each particular technique and suturing device has its particular
learning curve and potential pitfalls. The surgeon must maintain a flexible approach to
meniscal repair to optimize results [81,83].

It seems that there is no difference between the use of absorbable sutures and the use
of non-absorbable sutures, and the use of absorbable materials in all-inside meniscal repair
devices should have no impact on clinical healing [84].

3. Management of Specific Types of Meniscal Lesions Associated with ACL Reconstruction
3.1. Ramp Lesions

Described in 1988 by Michael Strobel, the “ramp” lesions are a particular type of meniscal
lesion involving the peripheral portion of the posterior horn of the medial meniscus [85].

This pathology is frequently associated with ACL ruptures (9-24%) and has been
historically underestimated. Ramp lesions are often missed since they are usually located
in a posteromedial “blind spot”, visually accessible only through the trans-notch Gilchrist-
visualization technical maneuver and due to the low sensitivity of preoperative MRI [86].

If a meniscal ramp lesion is suspected, an additional posteromedial portal should be
created for better evaluation [87]. Soft tissue debridement could aid the identification of
hidden lesions under an intact capsule [88]. Therefore, ramp lesions should always be veri-
fied through systematic exploration, and repair should be performed if necessary. Failure
to recognize and repair a ramp lesion contributes to residual anteroposterior instability in
the ACL-reconstructed knees and worse results [86,89-91].

Ramp lesion repair is correlated with significantly better biomechanical results and
outcomes (reduce our percentage of secondary meniscectomy) [92,93], regardless of the
technique [88-90]. Needling/trephination of a recent injury can be also a valuable option
in short, stable lesions [94].

3.2. Meniscal Root Tears

Meniscal root tears are defined as bony or soft tissue attachment avulsion injuries or ra-
dial tears within 1 cm from the anterior or posterior tibial attachments of the menisci [95-97].
Meniscal root tears (10-21% of all meniscal ruptures) were historically frequently over-
looked or treated with meniscectomy [95].

Due to the important role of the menisci as secondary stabilizers of the knee, the
rupture of one of their attachments has a strong impact on their biomechanical role in the
joint and, if left untreated, leads to the rapid development of knee OA [97]. Functionally,
this type of meniscal rupture is equivalent to a total meniscectomy [97,98].

Therefore, repair of meniscal root tears should always be performed if possible, the
gold standard being the trans-tibial pullout technique with anatomic reduction and fixation
of the meniscus. A horizontal suture may be an option in some radial tears [99].

Meniscectomy in case of root tears is an option to consider only if the patient has
diffuse Outerbridge grade 3 or 4 (a very rare condition in patients with ACL reconstruction),
osteoarthritis of the ipsilateral compartment, non-symptomatic chronic meniscal root tears,
and/or significant limb malalignment unless concurrently corrected [100,101].
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The incidence of meniscal root tears at the time of ACL reconstruction is high —15.5-31%
and even higher in revision cases, with four times more tears on the lateral than the medial
side [101-103].

Postero-lateral meniscus root tears are frequently associated with ACL tears in a
traumatic context and should be repaired concomitant with ACL reconstruction because it
plays an important role in stabilizing the knee in both anterior tibial translation (ATT) and
during pivoting activities [1,104-106]. However, root refixation has some limitations, such
as a low cure rate evidenced by MRI, poor reduction of meniscal extrusion, and limited
evidence of long-term efficacy to prevent osteoarthritis [106].

Medial meniscus root tears are usually degenerative, and their prevalence has been
reported to be 9.1% [106-108]. Even so, they should also be repaired because of the better
results and slower progression of OA compared to meniscectomy [1,108].

4. Biological Augmentation of Meniscus Healing

Augmenting the healing process after the meniscal suture has been of great interest in
recent years, with a lot of research being carried out [1,109,110].

It has been shown that the meniscal repair concomitant with ACL reconstruction
positively affects meniscus healing [1,28,111,112]. This may be explained by biological
factors (platelet-derived growth factor, insulin-like growth factor and vascular endothelial
growth factor) released while drilling the bone tunnels [62,113,114].

The use of platelet-rich plasma (PRP) [115,116], fibrin clots, marrow stimulation, and
mesenchymal stem cells (MSC’s) have shown preclinical success. However, the clinical
efficacy and safety of biologic augmentation for arthroscopic meniscal repair, although
promising, remain controversial [109,117,118].

The current level I evidence does not support PRP augmentation when performing
arthroscopic meniscal repair [110,117,119]. Furthermore, it seems that PRP does not reduce
the risk of meniscal repair failure in the setting of concomitant ACL reconstruction [120],
suggesting that bleeding after bone tunnel drilling provides sufficient growth factors [121]
and that additional administration of PRP is unnecessary [1].

Although several fibrin clot augmentation techniques were described in the last
decade [122,123], they do not have sufficient high-quality evidence to support their routine
use at this time [124,125] and therefore further confirmatory studies are needed to support
this procedure.

Mesenchymal stem cells (MSCs) are used to enhance the ability of healing the menis-
cus [110] since they have a high proliferative [126] and chondrogenic potential [127]. There-
fore, they are attractive for meniscal repair [128]. There is no evidence that they can form
meniscal similar to primitive human meniscus in the human body [129]. Therefore, more
in-depth research is needed.

There are no studies to back up the use of fibrin glue to enhance meniscus healing.
Applying it locally may be considered but this is not currently recommended (especially if
concomitant ACL reconstruction is performed) [1].

Although patient reports after repair with biological augmentation show some im-
provements in functional outcomes scores, the benefit over standard repair remains ques-
tionable [109].

5. Conclusions

The treatment of meniscal ruptures in the knees with an ACL rupture should be
approached individually, according to the specific context for each rupture and each patient.
The decision upon surgical or non-surgical treatment should be carefully made in the
patient’s best interest.

The main goal is to preserve the meniscus substance, maintain its functionality as
much as possible, reduce the progression of osteoarthritis, and improve knee stability.

ACL reconstruction and meniscal surgery should be performed simultaneously. Sepa-
rate interventions for these two lesions should be avoided.
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Short and stable ruptures in the peripheral zone can be approached with a “masterly
neglect” attitude, especially in acute settings but only in patients which are undergoing
simultaneous ACL reconstruction.

Unstable vertical longitudinal peripheral ruptures without degenerative changes can
usually be successfully sutured with current techniques that should be performed at the
time of ACL reconstruction.

Unfortunately, many meniscal ruptures of the knees with concomitant ACL tears still
require partial meniscectomy for various reasons.

As techniques improve and as we better comprehend the biological factors that in-
crease meniscal healing, we hope to succeed in preserving more menisci in the future.

Author Contributions: All authors contributed equally to the manuscript. Conceptualization, M.D.R.,
SRFE,CIM,PRM,R.C,AH.,A.GB.and VA.G,; formal analysis, M.D.R.; methodology, M.D.R. and
S.R.F; project administration, M.D.R.; resources, C.I.M., PR.M., A.H., R.C. and A.G.B.; supervision,
M.D.R,,SR.F,CIM, PRM. and V.A.G.; validation, M.D.R.,, S.R.E, CIM., PRM., R.C., VA.G. and
A.H,; visualization, M.D.R,, S.R.F, CIM.,, PRM,, R.C,, VA.G, A H. and A.G.B.; writing—original
draft, M.D.R,, S.R.F. and C.I.M.; writing—review and editing, PR.M. and S.R.F. All authors have read
and agreed to the published version of the manuscript.

Funding: This work is supported by the Ministry of Research, Innovation and Digitization through Pro-
gram 1—Development of the national research-development system, Subprogram 1.2—Institutional
performance—Projects for financing excellence in RDI, contract no. 28PFE/30.12.2021.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

11.

12.

Kopf, S.; Beaufils, P.; Hirschmann, M.T.; Rotigliano, N.; Ollivier, M.; Pereira, H.; Verdonk, R.; Darabos, N.; Ntagiopoulos, P;
Dejour, D.; et al. Management of Traumatic Meniscus Tears: The 2019 ESSKA Meniscus Consensus. Knee Surg. Sports Traumatol.
Arthrosc. 2020, 28, 1177-1194. [CrossRef] [PubMed]

Fetzer, G.; Spindler, K.; Amendola, A.; Andrish, J.; Bergfeld, J.; Dunn, W,; Flanigan, D.; Jones, M.; Kaeding, C.; Marx, R.; et al.
Potential Market for New Meniscus Repair Strategies-Evaluation of the MOON Cohort. J. Knee Surg. 2009, 22, 180-186. [CrossRef]
[PubMed]

Smith, ].P; Barrett, G.R. Medial and Lateral Meniscal Tear Patterns in Anterior Cruciate Ligament-Deficient Knees: A Prospective
Analysis of 575 Tears. Am. ]. Sports Med. 2001, 29, 415-419. [CrossRef] [PubMed]

Ghodadra, N.; Mall, N.; Karas, V.; Grumet, R.; Kirk, S.; McNickle, A.; Garrido, C.; Cole, B.; Bach, B. Articular and Meniscal
Pathology Associated with Primary Anterior Cruciate Ligament Reconstruction. J. Knee Surg. 2012, 26, 185-194. [CrossRef]
Feucht, M.].; Bigdon, S.; Bode, G.; Salzmann, G.M.; Dovi-Akue, D.; Stidkamp, N.P.; Niemeyer, P. Associated Tears of the Lateral
Meniscus in Anterior Cruciate Ligament Injuries: Risk Factors for Different Tear Patterns. J. Orthop. Surg. Res. 2015, 10, 34.
[CrossRef]

Irvine, G.; Glasgow, M. The Natural History of the Meniscus in Anterior Cruciate Insufficiency. Arthroscopic Analysis. J. Bone Jt.
Surg. Br. Vol. 1992, 74, 403-405. [CrossRef]

Keene, G.C.R,; Bickerstaff, D.; Rae, PJ.; Paterson, R.S. The Natural History of Meniscal Tears in Anterior Cruciate Ligament
Insufficiency. Am. J. Sports Med. 1993, 21, 672—679. [CrossRef]

Nordenvall, R.; Bahmanyar, S.; Adami, J.; Mattila, V.M.; Fellander-Tsai, L. Cruciate Ligament Reconstruction and Risk of Knee
Osteoarthritis: The Association between Cruciate Ligament Injury and Post-Traumatic Osteoarthritis. A Population Based
Nationwide Study in Sweden, 1987-2009. PLoS ONE 2014, 9, e104681. [CrossRef]

Noyes, ER.; Barber-Westin, S.D. Knee Disorders: Surgery, Rehabilitation, Clinical Outcomes; Elsevier: Amsterdam, The Netherlands, 2017.
Fok, AWM.; Yau, W.P. Delay in ACL Reconstruction Is Associated with More Severe and Painful Meniscal and Chondral Injuries.
Knee Surg. Sports Traumatol. Arthrosc. 2013, 21, 928-933. [CrossRef]

Levy, A.S.; Meier, S.W. Approach to Cartilage Injury in the Anterior Cruciate Ligament-Deficient Knee. Orthop. Clin. N. Am. 2003,
34,149-167. [CrossRef]

Predescu, V.; Georgeanu, V.; Prescura, C.; Stoian, V.; Cristea, S. Anterior cruciate ligament reconstruction: Soft tissue vs bone—
tendon-bone. In 2010 15-19 Advanced Technologies for Enhanced Quality of Life; IEEE: Iasi, Romania; New York, NY, USA, 2010;
pp- 53-57.


http://doi.org/10.1007/s00167-020-05847-3
http://www.ncbi.nlm.nih.gov/pubmed/32052121
http://doi.org/10.1055/s-0030-1247746
http://www.ncbi.nlm.nih.gov/pubmed/19634719
http://doi.org/10.1177/03635465010290040501
http://www.ncbi.nlm.nih.gov/pubmed/11476378
http://doi.org/10.1055/s-0032-1327450
http://doi.org/10.1186/s13018-015-0184-x
http://doi.org/10.1302/0301-620X.74B3.1587888
http://doi.org/10.1177/036354659302100506
http://doi.org/10.1371/journal.pone.0104681
http://doi.org/10.1007/s00167-012-2027-1
http://doi.org/10.1016/S0030-5898(02)00065-2

Appl. Sci. 2022,12, 6175 7of 11

13.

14.

15.
16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Cipolla, M.; Scala, A.; Gianni, E.; Puddu, G. Different Patterns of Meniscal Tears in Acute Anterior Cruciate Ligament (ACL)
Ruptures and in Chronic ACL-Deficient Knees: Classification, Staging and Timing of Treatment. Knee Surg. Sports Traumatol.
Arthrosc. 1995, 3, 130-134. [CrossRef] [PubMed]

Nikoli¢, D.K. Lateral Meniscal Tears and Their Evolution in Acute Injuries of the Anterior Cruciate Ligament of the Knee. Knee
Surg. Sports Traumatol. Arthrosc. 1998, 6, 26-30. [CrossRef] [PubMed]

Hulet, C.; Pereira, H.; Peretti, G.; Denti, M. Surgery of the Meniscus; Springer: Berlin/Heidelberg, Germany, 2016. [CrossRef]
Kannus, P; Jarvinen, M. Knee Ligament Injuries in Adolescents. Eight Year Follow-up of Conservative Management. . Bone Jt.
Surg. Br. Vol. 1988, 70, 772-776. [CrossRef] [PubMed]

Barenius, B.; Ponzer, S.; Shalabi, A.; Bujak, R.; Norlén, L.; Eriksson, K. Increased Risk of Osteoarthritis After Anterior Cruciate
Ligament Reconstruction: A 14-Year Follow-up Study of a Randomized Controlled Trial. Am. J. Sports Med. 2014, 42, 1049-1057.
[CrossRef] [PubMed]

Magnussen, R.; Mansour, A.; Carey, J.; Spindler, K. Meniscus Status at Anterior Cruciate Ligament Reconstruction Associated
with Radiographic Signs of Osteoarthritis at 5- to 10-Year Follow-Up—A Systematic Review. |. Knee Surg. 2009, 22, 347-357.
[CrossRef]

MOON Knee Group; Spindler, K.P.; Huston, L.J.; Chagin, K.M.; Kattan, M.W.; Reinke, E.K.; Amendola, A.; Andrish, J.T.;
Brophy, R.H.; Cox, C.L.; et al. Ten-Year Outcomes and Risk Factors After Anterior Cruciate Ligament Reconstruction: A MOON
Longitudinal Prospective Cohort Study. Am. J. Sports Med. 2018, 46, 815-825. [CrossRef]

Oiestad, B.E.; Engebretsen, L.; Storheim, K.; Risberg, M.A. Winner of the 2008 Systematic Review Competition: Knee Osteoarthritis
after Anterior Cruciate Ligament Injury. Am. . Sports Med. 2009, 37, 1434-1443. [CrossRef]

Moatshe, G.; Engebretsen, L. ACL Injury: Where Are We Now? Is Prevention the Key for All Sports? In ESSKA Instructional Course
Lecture Book; Hirschmann, M.T., Kon, E., Samuelsson, K., Denti, M., Dejour, D., Eds.; Springer: Berlin/Heidelberg, Germany, 2020;
pp. 133-138. [CrossRef]

Russu, O.M.; Ciorcila, E.; Feier, AM.; Fleaca, R.; Zuh, S.G.; Ioanovici, A.C.; Gergely, I. Early Outcomes in Anterior Cruciate
Ligament Reconstruction: Full Tibial Tunnel Technique Compared to All-inside Technique. Rev. Chim. 2019, 69, 3753-3755.
[CrossRef]

Chen, G,; Tang, X; Li, Q.; Zheng, G.; Yang, T.; Li, ]. The Evaluation of Patient-Specific Factors Associated with Meniscal and
Chondral Injuries Accompanying ACL Rupture in Young Adult Patients. Knee Surg. Sports Traumatol. Arthrosc. 2015, 23, 792-798.
[CrossRef]

Mogos, $.; D’Ambrosi, R.; Antonescu, D.; Stoica, I.-C. Combined Anterior Cruciate Ligament and Anterolateral Ligament
Reconstruction Results in Superior Rotational Stability Compared with Isolated Anterior Cruciate Ligament Reconstruction in
High Grade Pivoting Sport Patients: A Prospective Randomized Clinical Trial. J. Knee Surg. 2021. [CrossRef]

Tenuta, J.J.; Arciero, R.A. Arthroscopic Evaluation of Meniscal Repairs: Factors That Effect Healing. Am. J. Sports Med. 1994, 22,
797-802. [CrossRef]

Baratz, M.E.; Fu, EH.; Mengato, R. Meniscal Tears: The Effect of Meniscectomy and of Repair on Intraarticular Contact Areas and
Stress in the Human Knee: A Preliminary Report. Am. J. Sports Med. 1986, 14, 270-275. [CrossRef] [PubMed]

Brindle, T.; Nyland, J.; Johnson, D.L. The Meniscus: Review of Basic Principles with Application to Surgery and Rehabilitation. J.
Athl. Train. 2001, 36, 160-169. [PubMed]

Paxton, E.S.; Stock, M.V.,; Brophy, R.H. Meniscal repair versus partial meniscectomy: A systematic review comparing reoperation
rates and clinical outcomes. Arthrosc. J. Arthrosc. Relat. Surg. 2011, 27, 1275-1288. [CrossRef] [PubMed]

Neyret, P; Donell, S.; Dejour, H. Results of Partial Meniscectomy Related to the State of the Anterior Cruciate Ligament. Review
at 20 to 35 Years. J. Bone Jt. Surg. Br. Vol. 1993, 75, 36-40. [CrossRef] [PubMed]

Burks, R.T.; Metcalf, M.H.; Metcalf, R.W. Fifteen-year follow-up of arthroscopic partial meniscectomy. Arthroscopy 1997, 13,
673-679. [CrossRef]

Sfeatcu, R.; Cernuscad-Mitariu., M.; Ionescu, C.; Roman, M.; Cernusca-Mitariu, S.; Coldae, L.; Bota, G.; Burcea, C.C. The concept of
well-being in relation to health and quality of life. Eur. J. Sci. Theol. 2014, 10, 123-128.

Shelbourne, K.D.; Dickens, J.F. Digital Radiographic Evaluation of Medial Joint Space Narrowing after Partial Meniscectomy
of Bucket-Handle Medial Meniscus Tears in Anterior Cruciate Ligament-Intact Knees. Am. J. Sports Med. 2006, 34, 1648-1655.
[CrossRef]

Cofaru, N.F,; Roman, M.D.; Cofaru, LI; Oleksik, V.S.; Fleaca, S.R. Medial Opening Wedge High Tibial Osteotomy in Knee
Osteoarthritis—A Biomechanical Approach. Appl. Sci. 2020, 10, 8972. [CrossRef]

Chatain, F; Adeleine, P.; Chambat, P; Neyret, P. A Comparative Study of Medial versus Lateral Arthroscopic Partial Meniscectomy
on Stable Knees: 10-Year Minimum Follow-Up. Arthrosc. ]. Arthrosc. Relat. Surg. 2003, 19, 842-849. [CrossRef]

Gulick, D.T.; Yoder, H.N. Anterior Cruciate Ligament Reconstruction: Clinical Outcomes of Patella Tendon and Hamstring
Tendon Grafts. J. Sports Sci. Med. 2002, 1, 63-71. [PubMed]

Gillquist, J.; Messner, K. Anterior Cruciate Ligament Reconstruction and the Long Term Incidence of Gonarthrosis. Sports Med.
1999, 27, 143-156. [CrossRef] [PubMed]

Pefia, E.; Calvo, B.; Martinez, M.A_; Doblaré, M. A Three-Dimensional Finite Element Analysis of the Combined Behavior of
Ligaments and Menisci in the Healthy Human Knee Joint. J. Biomech. 2006, 39, 1686-1701. [CrossRef]


http://doi.org/10.1007/BF01565470
http://www.ncbi.nlm.nih.gov/pubmed/8821266
http://doi.org/10.1007/s001670050068
http://www.ncbi.nlm.nih.gov/pubmed/9507467
http://doi.org/10.1007/978-3-662-49188-1
http://doi.org/10.1302/0301-620X.70B5.3192578
http://www.ncbi.nlm.nih.gov/pubmed/3192578
http://doi.org/10.1177/0363546514526139
http://www.ncbi.nlm.nih.gov/pubmed/24644301
http://doi.org/10.1055/s-0030-1247773
http://doi.org/10.1177/0363546517749850
http://doi.org/10.1177/0363546509338827
http://doi.org/10.1007/978-3-662-61264-4_19
http://doi.org/10.37358/RC.18.12.6835
http://doi.org/10.1007/s00167-013-2718-2
http://doi.org/10.1055/s-0041-1729621
http://doi.org/10.1177/036354659402200611
http://doi.org/10.1177/036354658601400405
http://www.ncbi.nlm.nih.gov/pubmed/3755296
http://www.ncbi.nlm.nih.gov/pubmed/16558666
http://doi.org/10.1016/j.arthro.2011.03.088
http://www.ncbi.nlm.nih.gov/pubmed/21820843
http://doi.org/10.1302/0301-620X.75B1.8421030
http://www.ncbi.nlm.nih.gov/pubmed/8421030
http://doi.org/10.1016/S0749-8063(97)90000-1
http://doi.org/10.1177/0363546506288019
http://doi.org/10.3390/app10248972
http://doi.org/10.1016/S0749-8063(03)00735-7
http://www.ncbi.nlm.nih.gov/pubmed/24701126
http://doi.org/10.2165/00007256-199927030-00001
http://www.ncbi.nlm.nih.gov/pubmed/10222538
http://doi.org/10.1016/j.jbiomech.2005.04.030

Appl. Sci. 2022,12, 6175 8of11

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.
48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Fu, R.Z,; Lin, D.D. Surgical and Biomechanical Perspectives on Osteoarthritis and the ACL Deficient Knee: A Critical Review of
the Literature. Open Orthop. ]. 2013, 7, 292-300. [CrossRef]

Levy, LM,; Torzilli, P.A.; Warren, R.F. The Effect of Medial Meniscectomy on Anterior-Posterior Motion of the Knee. J. Bone Jt.
Surg. Am. 1982, 64, 883-888. [CrossRef]

Beaufils, P.; Hulet, C.; Dhénain, M.; Nizard, R.; Nourissat, G.; Pujol, N. Clinical Practice Guidelines for the Management of
Meniscal Lesions and Isolated Lesions of the Anterior Cruciate Ligament of the Knee in Adults. Orthop. Traumatol. Surg. Res.
2009, 95, 437-442. [CrossRef] [PubMed]

Beaufils, P.; Pujol, N. Management of Traumatic Meniscal Tear and Degenerative Meniscal Lesions. Save the Meniscus. Orthop.
Traumatol. Surg. Res. 2017, 103, S237-5244. [CrossRef]

Claes, S.; Hermie, L.; Verdonk, R.; Bellemans, J.; Verdonk, P. Is Osteoarthritis an Inevitable Consequence of Anterior Cruciate
Ligament Reconstruction? A Meta-Analysis. Knee Surg. Sports Traumatol. Arthrosc. 2013, 21, 1967-1976. [CrossRef]

The MARS Group; Magnussen, R.A.; Borchers, ].R.; Pedroza, A.D.; Huston, L.J.; Haas, A.K.; Spindler, K.P.; Wright, RW.;
Kaeding, C.C.; Allen, C.R.; et al. Risk Factors and Predictors of Significant Chondral Surface Change From Primary to Revision
Anterior Cruciate Ligament Reconstruction: A MOON and MARS Cohort Study. Am. J. Sports Med. 2018, 46, 557-564. [CrossRef]
Cohen, M.; Amaro, ].T.; Ejnisman, B.; Carvalho, R.T.; Nakano, K.K.; Peccin, M.S.; Teixeira, R.; Laurino, C.ES.; Abdalla, R]J.
Anterior Cruciate Ligament Reconstruction After 10 to 15 Years: Association Between Meniscectomy and Osteoarthrosis. Arthrosc.
J. Arthrosc. Relat. Surg. 2007, 23, 629-634. [CrossRef]

Shelbourne, K.D.; Dersam, M.D. Comparison of Partial Meniscectomy versus Meniscus Repair for Bucket-Handle Lateral
Meniscus Tears in Anterior Cruciate Ligament Reconstructed Knees. Arthrosc. ]. Arthrosc. Relat. Surg. 2004, 20, 581-585.
[CrossRef] [PubMed]

Hede, A ; Larsen, E.; Sandberg, H. The long term outcome of open total and partial meniscectomy related to the quantity and site
of the meniscus removed. Int. Orthop. 1992, 16, 122-125. [CrossRef] [PubMed]

Seedholm, B.B.; Dowson, D.; Wright, V. Functions of the menisci: A preliminary study. J. Bone Jt. Surg. Br. 1974, 56, 381.
Mariani, PP.; Garofalo, R.; Margheritini, F. Chondrolysis after partial lateral meniscectomy in athletes. Knee Surg. Sports Traumatol.
Arthrosc. 2008, 16, 574-580. [CrossRef] [PubMed]

Nawabi, D.H.; Cro, S.; Hamid, I.P.; Williams, A. Return to play after lateral meniscectomy compared with medial meniscectomy
in elite professional soccer players. Am. |. Sports Med. 2014, 42, 2193-2198. [CrossRef]

Kalifis, G.; Fermin, T.M.; Raoulis, V.; Shakya, A.; Hantes, M. Meniscus tears in professional soccer athletes: Resect or repair? J.
Cartil. Jt. Preserv. 2022, 2, 100051. [CrossRef]

Borque, K.A.; Jones, M.; Cohen, M.; Johnson, D.; Williams, A. Evidence-based rationale for treatment of meniscal lesions in
athletes. Knee Surg. Sports Traumatol. Arthrosc. 2021, 30, 1511-1519. [CrossRef]

Batailler, C.; Wascher, D.; Neyret, P. Meniscal Traumatic Lesions in ACL-Deficient Knee: Masterly Neglect, Repair, or Meniscectomy.
In Surgery of the Meniscus; Hulet, C., Pereira, H., Peretti, G., Denti, M., Eds.; Springer: Berlin/Heidelberg, Germany, 2016;
pp. 379-391. [CrossRef]

Noyes, ER.; Barber-Westin, S.D. Treatment of Meniscus Tears During Anterior Cruciate Ligament Reconstruction. Arthrosc. J.
Arthrosc. Relat. Surg. 2012, 28, 123-130. [CrossRef]

Suciu, O.; Prejbeanu, R.; Haragus, H.; Faur, C.; Onofrei, R.R; Todor, A. Cross-Cultural Adaptation and Validation of the Romanian
Marx Activity Rating Scale for Anterior Cruciate Ligament Reconstruction. Healthcare 2020, 8, 318. [CrossRef]

Predescu, V.; Grosu, A.-M.; Gherman, L; Prescura, C.; Hiohi, V.; Deleanu, B. Early Experience Using Patient-Specific Instrumenta-
tion in Opening Wedge High Tibial Osteotomy. Int. Orthop. 2021, 45, 1509-1515. [CrossRef]

Lynch, M.A,; Henning, C.E.; Glick, K.R. Knee Joint Surface Changes. Long-Term Follow-up Meniscus Tear Treatment in Stable
Anterior Cruciate Ligament Reconstructions. Orthop. Relat. Res. 1983, 172, 148-153.

Vermesan, D.; Prejbeanu, R.; Laitin, S.; Georgianu, V.; Haragus, H.; Nitescu, S.; Tatullo, M.; Tattoli, M.; Caprio, M.; Cagiano, R.
Meniscal Tears Left in Situ during Anatomic Single Bundle Anterior Cruciate Ligament Reconstruction. Eur. Rev. Med. Pharm. Sci.
2014, 18, 252-256.

Lee, D.W,; Jang, HW.,; Lee, S.R.; Park, ].H.; Ha, ].K,; Kim, ]J.G. Clinical, Radiological, and Morphological Evaluations of Posterior
Horn Tears of the Lateral Meniscus Left In Situ During Anterior Cruciate Ligament Reconstruction. Am. J. Sports Med. 2014, 42,
327-335. [CrossRef] [PubMed]

Radu, N.; Voicescu, M.; Radu, E.; Tanasescu, C. Biomaterial with Antioxidant and Antifungal Activities, Obtained from Romanian
Indigenous Plants. Mol. Cryst. Lig. Cryst. 2017, 655, 243-249. [CrossRef]

Pujol, N.; Beaufils, P. Healing Results of Meniscal Tears Left in Situ during Anterior Cruciate Ligament Reconstruction: A Review
of Clinical Studies. Knee Surg. Sports Traumatol. Arthrosc. 2009, 17, 396—401. [CrossRef]

Duchman, K.R.; Westermann, R.W.; Spindler, K.P,; Reinke, E.K.; Huston, L.J.; Amendola, A.; MOON Knee Group; Wolf, B.R,;
Parker, R.D.; Dunn, WR;; et al. The Fate of Meniscus Tears Left In Situ at the Time of Anterior Cruciate Ligament Reconstruction:
A 6-Year Follow-up Study From the MOON Cohort. Am. J. Sports Med. 2015, 43, 2688-2695. [CrossRef]

Shelbourne, K.D.; Heinrich, J. The Long-Term Evaluation of Lateral Meniscus Tears Left in Situ at the Time of Anterior Cruciate
Ligament Reconstruction. Arthrosc. J. Arthrosc. Relat. Surg. 2004, 20, 346-351. [CrossRef]

Zemanovic, J.R.; McAllister, D.R.; Hame, S.L. Nonoperative Treatment of Partial-Thickness Meniscal Tears Identified During
Anterior Cruciate Ligament Reconstruction. Orthopedics 2004, 27, 755-758. [CrossRef]


http://doi.org/10.2174/1874325001307010292
http://doi.org/10.2106/00004623-198264060-00011
http://doi.org/10.1016/j.otsr.2009.06.002
http://www.ncbi.nlm.nih.gov/pubmed/19747891
http://doi.org/10.1016/j.otsr.2017.08.003
http://doi.org/10.1007/s00167-012-2251-8
http://doi.org/10.1177/0363546517741484
http://doi.org/10.1016/j.arthro.2007.03.094
http://doi.org/10.1016/j.arthro.2004.03.009
http://www.ncbi.nlm.nih.gov/pubmed/15241307
http://doi.org/10.1007/BF00180200
http://www.ncbi.nlm.nih.gov/pubmed/1428307
http://doi.org/10.1007/s00167-008-0508-z
http://www.ncbi.nlm.nih.gov/pubmed/18335208
http://doi.org/10.1177/0363546514540271
http://doi.org/10.1016/j.jcjp.2022.100051
http://doi.org/10.1007/s00167-021-06694-6
http://doi.org/10.1007/978-3-662-49188-1_40
http://doi.org/10.1016/j.arthro.2011.08.292
http://doi.org/10.3390/healthcare8030318
http://doi.org/10.1007/s00264-021-04964-z
http://doi.org/10.1177/0363546513508374
http://www.ncbi.nlm.nih.gov/pubmed/24305649
http://doi.org/10.1080/15421406.2017.1361732
http://doi.org/10.1007/s00167-008-0711-y
http://doi.org/10.1177/0363546515604622
http://doi.org/10.1016/j.arthro.2004.01.029
http://doi.org/10.3928/0147-7447-20040701-17

Appl. Sci. 2022,12, 6175 9of11

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.
79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

Parker, B.R.; Hurwitz, S.; Spang, J.; Creighton, R.; Kamath, G. Surgical Trends in the Treatment of Meniscal Tears: Analysis of Data
From the American Board of Orthopaedic Surgery Certification Examination Database. Am. J. Sports Med. 2016, 44, 1717-1723.
[CrossRef]

Espejo-Reina, A.; Aguilera, J.; Espejo-Reina, M.].; Espejo-Reina, M.P.; Espejo-Baena, A. One-Third of Meniscal Tears Are Repairable:
An Epidemiological Study Evaluating Meniscal Tear Patterns in Stable and Unstable Knees. Arthrosc. ]. Arthrosc. Relat. Surg. 2019,
35, 857-863. [CrossRef]

Abram, S.G.F; Judge, A.; Beard, D.J.; Wilson, H.A.; Price, A.]. Temporal Trends and Regional Variation in the Rate of Arthroscopic
Knee Surgery in England: Analysis of over 1.7 Million Procedures between 1997 and 2017. Has Practice Changed in Response to
New Evidence? Br. . Sports Med. 2019, 53, 1533-1538. [CrossRef] [PubMed]

Seil, R.; Rupp, S.; Kohn, D.M. Cyclic Testing of Meniscal Sutures. Arthrosc. J. Arthrosc. Relat. Surg. 2000, 16, 505-510. [CrossRef]
[PubMed]

Roman, M.D,; Fleaca, R.S.; Boicean, A.; Bratu, D.; Birlutiu, V.; Rus, L.L.; Tantar, C.; Cernusca Mitariu, S.I. Assesment of Synovial
Fluid PH in Osteoarthritis of the HIP and Knee. Rev. Chim. 2017, 68, 1242-1244. [CrossRef]

Nepple, J.J.; Dunn, W.R.; Wright, R W. Meniscal repair outcomes at greater than five years: A systematic literature review and
meta-analysis. J. Bone Jt. Surg. Am. Vol. 2012, 94, 2222-2227. [CrossRef] [PubMed]

DeHaven, K.E.; Lohrer, W.A; Lovelock, ].E. Long-Term Results of Open Meniscal Repair. Am. J. Sports Med. 1995, 23, 524-530.
[CrossRef] [PubMed]

Shelbourne, K.D.; Johnson, G.E. Locked Bucket-Handle Meniscal Tears in Knees with Chronic Anterior Cruciate Ligament
Deficiency. Am. J. Sports Med. 1993, 21, 779-782. [CrossRef]

O’Shea, J.J.; Shelbourne, K.D. Repair of Locked Bucket-Handle Meniscal Tears in Knees with Chronic Anterior Cruciate Ligament
Deficiency. Am. . Sports Med. 2003, 31, 216-220. [CrossRef]

Granan, L.-P; Bahr, R.; Lie, S.A.; Engebretsen, L. Timing of Anterior Cruciate Ligament Reconstructive Surgery and Risk of
Cartilage Lesions and Meniscal Tears: A Cohort Study Based on the Norwegian National Knee Ligament Registry. Am. J. Sports
Med. 2009, 37,955-961. [CrossRef]

Sanchez-Soler, J.; Torres-Claramunt, R.; Pape, D.; Monllau, J.C. Biomechanics of Meniscal Repair. In Surgery of the Meniscus;
Hulet, C., Pereira, H., Peretti, G., Denti, M., Eds.; Springer: Berlin/Heidelberg, Germany, 2016. [CrossRef]

Buckland, D.M.; Sadoghi, P.; Wimmer, M.D.; Vavken, P,; Pagenstert, G.I.; Valderrabano, V.; Rosso, C. Meta-analysis on biome-
chanical properties of meniscus repairs: Are devices better than sutures? Knee Surg. Sports Traumatol. Arthrosc. 2015, 23, 83-89.
[CrossRef]

Kean, C.O.; Brown, R.J.; Chapman, J. The role of biomaterials in the treatment of meniscal tears. Peer] 2017, 5, e4076. [CrossRef]
Farng, E.; Sherman, O. Meniscal repair devices: A clinical and biomechanical literature review. Arthroscopy 2004, 20, 273-286.
[CrossRef] [PubMed]

Starke, C.; Kopf, S.; Petersen, W.; Becker, R. Meniscal repair. Arthroscopy 2009, 25, 1033-1044. [CrossRef] [PubMed]

Matthews, J.R.; Wang, J.; Zhao, J.; Kluczynski, M.A.; Bisson, L.J. The influence of suture materials on the biomechanical behavior
of suture-meniscal specimens: A comparative study in a porcine model. Knee Surg. Relat. Res. 2020, 32, 42. [CrossRef] [PubMed]
Starke, C.; Kopf, S.; Grobel, K.H.; Becker, R. The effect of a nonanatomic repair of the meniscal horn attachment on meniscal
tension: A biomechanical study. Arthroscopy 2010, 26, 358-365. [CrossRef]

Smoak, ].B.; Matthews, J.R.; Vinod, A.V,; Kluczynski, M.A.; Bisson, L.J. An Up-to-Date Review of the Meniscus Literature: A
Systematic Summary of Systematic Reviews and Meta-analyses. Orthop. . Sports Med. 2020, 8, 2325967120950306. [CrossRef]
Feucht, M.].; Grande, E.; Brunhuber, J.; Rosenstiel, N.; Burgkart, R.; Imhoff, A.B.; Braun, S. Biomechanical evaluation of different
suture materials for arthroscopic transtibial pull-out repair of posterior meniscus root tears. Knee Surg. Sports Traumatol. Arthrosc.
2015, 23, 132-139. [CrossRef]

Harris, B.; Miller, M.D. Biomedical devices in meniscal repair. Sports Med. Arthrosc. Rev. 2006, 14, 120-128. [CrossRef]

Yoon, K.H.; Park, J.Y.; Kwon, Y.B,; Lee, Y.J.; Kim, EJ.; Kim, S.G. Inside-Out Repair of the Meniscus in Concomitant Anterior
Cruciate Ligament Reconstruction: Absorbable Versus Nonabsorbable Sutures. Arthroscopy 2020, 36, 1074-1082. [CrossRef]
Strobel, M.J. Menisci. Man Arthrosc Surgery; Springer: New York, NY, USA, 1988; pp. 171-178.

Sonnery-Cottet, B.; Serra Cruz, R.; Vieira, T.D.; Goes, R.A; Saithna, A. Ramp Lesions: An Unrecognized Posteromedial Instability?
Clin. Sports Med. 2020, 39, 69-81. [CrossRef]

Bumberger, A.; Koller, U.; Hofbauer, M.; Tiefenboeck, T.M.; Hajdu, S.; Windhager, R.; Waldstein, W. Ramp Lesions Are Frequently
Missed in ACL-Deficient Knees and Should Be Repaired in Case of Instability. Knee Surg. Sports Traumatol. Arthrosc. 2020, 28,
840-854. [CrossRef]

Di Vico, G.; Di Donato, S.L.; Balato, G.; Correra, G.; D’Addona, A.; Maffulli, N.; Rosa, D. Correlation between Time from Injury to
Surgery and the Prevalence of Ramp and Hidden Lesions during Anterior Cruciate Ligament Reconstruction. A New Diagnostic
Algorithm. Muscle Ligaments Tendons J. 2019, 7, 491. [CrossRef]

DePhillipo, N.N.; Moatshe, G.; Brady, A.; Chahla, J.; Aman, Z.S.; Dornan, G.J.; Nakama, G.Y.; Engebretsen, L.; LaPrade, R.F. Effect
of Meniscocapsular and Meniscotibial Lesions in ACL-Deficient and ACL-Reconstructed Knees: A Biomechanical Study. Am. J.
Sports Med. 2018, 46, 2422-2431. [CrossRef] [PubMed]

Seil, R.; Hoffmann, A.; Scheffler, S.; Theisen, D.; Mouton, C.; Pape, D. Ramp lesions: Tips and tricks in diagnostics and therapy.
Orthopade 2017, 46, 846-854. [CrossRef]


http://doi.org/10.1177/0363546516638082
http://doi.org/10.1016/j.arthro.2018.08.051
http://doi.org/10.1136/bjsports-2018-099414
http://www.ncbi.nlm.nih.gov/pubmed/30279217
http://doi.org/10.1053/jars.2000.4379
http://www.ncbi.nlm.nih.gov/pubmed/10882446
http://doi.org/10.37358/RC.17.6.5649
http://doi.org/10.2106/JBJS.K.01584
http://www.ncbi.nlm.nih.gov/pubmed/23318612
http://doi.org/10.1177/036354659502300502
http://www.ncbi.nlm.nih.gov/pubmed/8526265
http://doi.org/10.1177/036354659302100604
http://doi.org/10.1177/03635465030310021001
http://doi.org/10.1177/0363546508330136
http://doi.org/10.1007/978-3-662-49188-1_21
http://doi.org/10.1007/s00167-014-2966-9
http://doi.org/10.7717/peerj.4076
http://doi.org/10.1016/j.arthro.2003.11.035
http://www.ncbi.nlm.nih.gov/pubmed/15007316
http://doi.org/10.1016/j.arthro.2008.12.010
http://www.ncbi.nlm.nih.gov/pubmed/19732643
http://doi.org/10.1186/s43019-020-00053-4
http://www.ncbi.nlm.nih.gov/pubmed/32859270
http://doi.org/10.1016/j.arthro.2009.08.013
http://doi.org/10.1177/2325967120950306
http://doi.org/10.1007/s00167-013-2656-z
http://doi.org/10.1097/00132585-200609000-00003
http://doi.org/10.1016/j.arthro.2019.08.045
http://doi.org/10.1016/j.csm.2019.08.010
http://doi.org/10.1007/s00167-019-05521-3
http://doi.org/10.32098/mltj.03.2017.12
http://doi.org/10.1177/0363546518774315
http://www.ncbi.nlm.nih.gov/pubmed/29847148
http://doi.org/10.1007/s00132-017-3461-z

Appl. Sci. 2022,12, 6175 10 of 11

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

Sonnery-Cottet, B.; Conteduca, J.; Thaunat, M.; Gunepin, EX.; Seil, R. Hidden Lesions of the Posterior Horn of the Medial
Meniscus: A Systematic Arthroscopic Exploration of the Concealed Portion of the Knee. Am. |. Sports Med. 2014, 42, 921-926.
[CrossRef] [PubMed]

Thaunat, M.; Fayard, J.-M.; Freychet, B.; Vieira, T.D.; Sonnery-Cottet, B. Rationale and Surgical Technique of Ramp Lesion Repair
Through an Additional Posteromedial Portal. Video |. Sports Med. 2021, 1, 2635025421994592. [CrossRef]

Stephen, ].M.; Halewood, C.; Kittl, C.; Bollen, S.R.; Williams, A.; Amis, A.A. Posteromedial Meniscocapsular Lesions Increase
Tibiofemoral Joint Laxity With Anterior Cruciate Ligament Deficiency, and Their Repair Reduces Laxity. Am. J. Sports Med. 2016,
44, 400-408. [CrossRef]

Alessio-Mazzola, M.; Lovisolo, S.; Capello, A.G.; Zanirato, A.; Chiarlone, F.; Formica, M.; Felli, L. Management of Ramp Lesions
of the Knee: A Systematic Review of the Literature. Musculoskelet. Surg. 2020, 104, 125-133. [CrossRef] [PubMed]

Cinque, M.E.; Chahla, J.; Moatshe, G.; Faucett, S.C.; Krych, A.J.; LaPrade, R.F. Meniscal Root Tears: A Silent Epidemic. Br. |. Sports
Med. 2018, 52, 872-876. [CrossRef]

LaPrade, C.M.; Jansson, K.S.; Dornan, G.; Smith, S.D.; Wijdicks, C.A.; LaPrade, R.F. Altered Tibiofemoral Contact Mechanics Due
to Lateral Meniscus Posterior Horn Root Avulsions and Radial Tears Can Be Restored with in Situ Pull-out Suture Repairs. J. Bone
Jt. Surg. Am. 2014, 96, 471-479. [CrossRef]

LaPrade, C.M,; James, E.W.; Cram, T.R.; Feagin, ].A.; Engebretsen, L.; LaPrade, R.F. Meniscal Root Tears: A Classification System
Based on Tear Morphology. Am. J. Sports Med. 2015, 43, 363-369. [CrossRef]

LaPrade, R.F; Floyd, E.R.; Carlson, G.B.; Moatshe, G.; Chahla, J.; Monson, J.K. Meniscal Root Tears: Solving the Silent Epidemic. J.
Arthrosc. Surg. Sports Med. 2021, 2, 47-57. [CrossRef]

Allaire, R.; Muriuki, M.; Gilbertson, L.; Harner, C.D. Biomechanical Consequences of a Tear of the Posterior Root of the Medial
Meniscus. Similar to Total Meniscectomy. J. Bone Jt. Surg. Am. 2008, 90, 1922-1931. [CrossRef] [PubMed]

Pache, S.; Aman, Z.S.; Kennedy, M.; Nakama, G.Y.; Moatshe, G.; Ziegler, C.; LaPrade, R.F. Meniscal Root Tears: Current Concepts
Review. Arch. Bone Jt. Surg. 2018, 6, 250-259. [PubMed]

Chabhla, J.; Moulton, S.G.; LaPrade, C.M.; Dean, C.S.; LaPrade, R.F. Posterior meniscal root repair: The transtibial double tunnel
pullout technique. Arthrosc. Tech. 2016, 5, e291-e296. [CrossRef]

DePhillipo, N.N.; Dekker, T.].; Aman, Z.S.; Bernholt, D.; Grantham, W.].; LaPrade, R.F. Incidence and Healing Rates of Meniscal
Tears in Patients Undergoing Repair During the First Stage of 2-Stage Revision Anterior Cruciate Ligament Reconstruction. Am. J.
Sports Med. 2019, 47, 3389-3395. [CrossRef]

Jacquet, C.; Mouton, C.; Magosch, A.; Komnos, G.A.; Menetrey, J.; Ollivier, M.; Seil, R. The aspiration test reveals an instability of the
posterior horn of the lateral meniscus in almost one-third of ACL-injured patients. Knee Surg. Sports Traumatol. Arthrosc. 2021, 27.
[CrossRef]

Jin Hwan, A.; Lee, Y.S.; Yoo, J.C.; Chang, M.].; Koh, K.H.; Kim, M.H. Clinical and Second-Look Arthroscopic Evaluation of
Repaired Medial Meniscus in Anterior Cruciate Ligament—Reconstructed Knees. Am. J. Sports Med. 2010, 38, 472—477. [CrossRef]
Frank, ] M.; Moatshe, G.; Brady, A.W.; Dornan, G.J.; Coggins, A.; Muckenhirn, K.J.; Slette, E.L.; Mikula, ].D.; LaPrade, R.F. Lateral
meniscus posterior root and meniscofemoral ligaments as stabilizing structures in the ACL-deficient knee: A biomechanical study.
Orthop. ]. Sport Med. 2017, 5, 2325967117695756. [CrossRef]

LaPrade, R.F; Ho, C.P; James, E.; Crespo, B.; LaPrade, C.M.; Matheny, L.M. Diagnostic accuracy of 3.0 T magnetic resonance
imaging for the detection of meniscus posterior root pathology. Knee Surg. Sports Traumatol. Arthrosc. 2015, 23, 152-157. [CrossRef]
Phocas, A.; Chahla, J.; LaPrade, R. Meniscal root tears: A missed epidemic? How should they be treated? In The Menisci;
LaPrade, R., Ed.; Springer: Berlin/Heidelberg, Germany, 2017; pp. 49-61.

Kim, S.B.; Ha, ] K,; Lee, S.W.; Kim, D.W,; Shim, ].C.; Kim, J.G.; Lee, M.Y. Medial Meniscus Root Tear Refixation: Comparison of
Clinical, Radiologic, and Arthroscopic Findings with Medial Meniscectomy. Arthroscopy 2011, 27, 346-354. [CrossRef]

Keller, R.E.; O'Donnell, E.A.; Medina, G.I.S.; Linderman, S.E.; Cheng, T.T.; Sabbag, O.D.; Oh, L.S. Biological augmentation of
meniscal repair: A systematic review. Knee Surg. Sports Traumatol. Arthrosc. 2022, 30, 1915-1926. [CrossRef] [PubMed]

Ozeki, N.; Seil, R.; Krych, A.].; Koga, H. Surgical Treatment of Complex Meniscus Tear and Disease: State of the Art. J. ISAKOS
2021, 6, 35-45. [CrossRef] [PubMed]

Krych, AJ.; Pitts, R.T,; Dajani, K.A.; Stuart, M.].; Levy, B.A.; Dahm, D.L. Surgical repair of meniscal tears with concomitant
anterior cruciate ligament reconstruction in patients 18 years and younger. Am. J. Sports Med. 2010, 38, 976-982. [CrossRef]
[PubMed]

Wasserstein, D.; Dwyer, T.; Gandhi, R.; Austin, P.C.; Mahomed, N.; Ogilvie-Harris, D.A. Matched-Cohort Population Study of
Reoperation After Meniscal Repair With and Without Concomitant Anterior Cruciate Ligament Reconstruction. Am. J. Sports
Med. 2013, 41, 349-355. [CrossRef]

Dean, C.S.; Chahla, J.; Matheny, L.M.; Mitchell, ].].; LaPrade, R.F. Outcomes After Biologically Augmented Isolated Meniscal
Repair With Marrow Venting Are Comparable With Those After Meniscal Repair With Concomitant Anterior Cruciate Ligament
Reconstruction. Am. J. Sports Med. 2017, 45, 1341-1348. [CrossRef]

Yagishita, K.; Muneta, T.; Ogiuchi, T.; Sekiya, I.; Shinomiya, K. Healing potential of meniscal tears without repair in knees with
anterior cruci- ate ligament reconstruction. Am | Sports Med. 2004, 32, 1953-1961. [CrossRef]

Hahn, O.; Kieb, M.; Jonitz-Heincke, A.; Bader, R.; Peters, K.; Tischer, T. Dose-Dependent Effects of Platelet-Rich Plasma Powder
on Chondrocytes In Vitro. Am. J. Sports Med. 2020, 48, 1727-1734. [CrossRef]


http://doi.org/10.1177/0363546514522394
http://www.ncbi.nlm.nih.gov/pubmed/24567252
http://doi.org/10.1177/2635025421994592
http://doi.org/10.1177/0363546515617454
http://doi.org/10.1007/s12306-019-00624-z
http://www.ncbi.nlm.nih.gov/pubmed/31595426
http://doi.org/10.1136/bjsports-2017-098942
http://doi.org/10.2106/JBJS.L.01252
http://doi.org/10.1177/0363546514559684
http://doi.org/10.25259/JASSM_55_2020
http://doi.org/10.2106/JBJS.G.00748
http://www.ncbi.nlm.nih.gov/pubmed/18762653
http://www.ncbi.nlm.nih.gov/pubmed/30175171
http://doi.org/10.1016/j.eats.2016.01.006
http://doi.org/10.1177/0363546519878421
http://doi.org/10.1007/s00167-021-06806-2
http://doi.org/10.1177/0363546509348102
http://doi.org/10.1177/2325967117695756
http://doi.org/10.1007/s00167-014-3395-5
http://doi.org/10.1016/j.arthro.2010.08.005
http://doi.org/10.1007/s00167-021-06849-5
http://www.ncbi.nlm.nih.gov/pubmed/35258647
http://doi.org/10.1136/jisakos-2019-000380
http://www.ncbi.nlm.nih.gov/pubmed/33833044
http://doi.org/10.1177/0363546509354055
http://www.ncbi.nlm.nih.gov/pubmed/20299545
http://doi.org/10.1177/0363546512471134
http://doi.org/10.1177/0363546516686968
http://doi.org/10.1177/0363546504263702
http://doi.org/10.1177/0363546520911035

Appl

. Sci. 2022, 12, 6175 11 of 11

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

Ishida, K.; Kuroda, R.; Miwa, M.; Tabata, Y.; Hokugo, A.; Kawamoto, T.; Kurosaka, M. The regenerative effects of platelet-rich
plasma on meniscal cells in vitro and its in vivo application with biodegradable gelatin hydrogel. Tissue Eng. 2007, 13, 1103-1112.
[CrossRef]

Migliorini, E; Cuozzo, E; Cipollaro, L.; Oliva, F,; Hildebrand, F; Maffulli, N. Platelet-rich plasma (PRP) augmentation does not
result in more favourable outcomes in arthroscopic meniscal repair: A meta-analysis. J. Orthop. Traumatol. 2022, 23, 8. [CrossRef]
Arner, ].W,; Ruzbarsky, ].].; Vidal, A.E; Frank, R.M. Meniscus Repair Part 2: Technical Aspects, Biologic Augmentation, Rehabili-
tation, and Outcomes. J. Am. Acad. Orthop. Surg. 2022, 30, 613-619. [CrossRef]

Belk, ].W.; Kraeutler, M.J.; Thon, S.G,; Littlefield, C.P.; Smith, ]. H.; McCarty, E.C. Augmentation of meniscal repair with platelet-rich
plasma: A systematic review of comparative studies. Orthop. J. Sports Med. 2020, 8, 2325967120926145. [CrossRef] [PubMed]
Everhart, ].S.; Cavendish, P.A.; Eikenberry, A.; Magnussen, R.A.; Kaeding, C.C.; Flanigan, D.C. Platelet-rich plasma reduces failure
risk for isolated meniscal repairs but provides no benefit for meniscal repairs with anterior cruciate ligament reconstruction. Am.
J. Sports Med. 2019, 47, 1789-1796. [CrossRef] [PubMed]

Yasuda, K.; Sakai, T.; Kondo, E.; Onodera, S. Bleeding from the bone marrow enhances remodeling of the in situ frozen-thawed
anterior cruciate ligament. Clin. Biomech. 2007, 22, 941-949. [CrossRef] [PubMed]

Desai, T.; Babu, S.S.; Lal, ].V.; Kaushik, Y.S.; Lukose, A.M.; Sandesh, G.M.; Amaravathi, R.S. Fibrin Clot Augmented Repair of
Longitudinal Tear of Medial Meniscus. Arthrosc. Tech. 2021, 10, e2449-e2455. [CrossRef] [PubMed]

Chahla, J.; Kennedy, N.I; Geeslin, A.G.; Moatshe, G.; Cinque, M.E.; DePhillipo, N.N.; LaPrade, R.F. Meniscal Repair With Fibrin
Clot Augmentation. Arthrosc. Tech. 2017, 6, €2065-e2069. [CrossRef]

Blough, C.L.; Bobba, C.M.; DiBartola, A.C.; Everhart, ].S.; Magnussen, R.A.; Kaeding, C.; Flanigan, D.C. Biologic Augmentation
during Meniscal Repair. ]. Knee Surg. 2021. [CrossRef]

Marom, N.; Ode, G.; Coxe, E; Jivanelli, B.; Rodeo, S.A. Current Concepts on Tissue Adhesive Use for Meniscal Repair-We Are Not
There Yet: A Systematic Review of the Literature. Am. J. Sports Med. 2022, 50, 1442-1450. [CrossRef]

Nimura, A.; Muneta, T.; Koga, H.; Mochizuki, T.; Suzuki, K.; Makino, H.; Umezawa, A.; Sekiya, I. Increased proliferation of
human synovial mesenchymal stem cells with autologous human serum: Comparisons with bone marrow mesenchymal stem
cells and with fetal bovine serum. Arthritis Rheum. 2008, 58, 501-510. [CrossRef]

Sakaguchi, Y.; Sekiya, I.; Yagishita, K.; Muneta, T. Comparison of human stem cells derived from various mesenchymal tissues:
Superiority of synovium as a cell source. Arthritis Rheum. 2005, 52, 2521-2529. [CrossRef]

Whitehouse, M.R.; Howells, N.R.; Parry, M.C.; Austin, E.; Kafienah, W.; Brady, K.; Goodship, A.E.; Eldridge, ].D.; Blom, A.W.;
Hollander, A.P. Repair of torn avascular meniscal cartilage using undifferentiated autologous mesenchymal stem cells: From
in vitro optimization to a first-in-human study. Stem Cells Transl. Med. 2017, 6, 1237-1248. [CrossRef]

Tan, Q.; Wu, C; Li, L,; Liang, Y.; Bai, X.; Shao, W. Stem Cells as a Novel Biomedicine for the Repair of Articular Meniscus:
Pharmacology and Applications. Front. Pharmacol. 2022, 13, 897635. [CrossRef] [PubMed]


http://doi.org/10.1089/ten.2006.0193
http://doi.org/10.1186/s10195-022-00630-1
http://doi.org/10.5435/JAAOS-D-21-01153
http://doi.org/10.1177/2325967120926145
http://www.ncbi.nlm.nih.gov/pubmed/32596408
http://doi.org/10.1177/0363546519852616
http://www.ncbi.nlm.nih.gov/pubmed/31166699
http://doi.org/10.1016/j.clinbiomech.2007.05.007
http://www.ncbi.nlm.nih.gov/pubmed/17601640
http://doi.org/10.1016/j.eats.2021.07.024
http://www.ncbi.nlm.nih.gov/pubmed/34868847
http://doi.org/10.1016/j.eats.2017.08.006
http://doi.org/10.1055/s-0041-1739198
http://doi.org/10.1177/03635465211003613
http://doi.org/10.1002/art.23219
http://doi.org/10.1002/art.21212
http://doi.org/10.1002/sctm.16-0199
http://doi.org/10.3389/fphar.2022.897635
http://www.ncbi.nlm.nih.gov/pubmed/35559234

	Introduction 
	Therapeutical Options for Meniscal Lesions with Concomitant ACL Reconstruction 
	Meniscectomy Associated with ACL Reconstruction 
	Masterly Neglect (Leaving In Situ) Associated with ACL Reconstruction 
	Meniscal Repair Associated with ACL Reconstruction 

	Management of Specific Types of Meniscal Lesions Associated with ACL Reconstruction 
	Ramp Lesions 
	Meniscal Root Tears 

	Biological Augmentation of Meniscus Healing 
	Conclusions 
	References

