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the root attachments and their importance to 
knee kinematics.1, 3, 5 Johannsen et al. reported 
that the medial meniscus posterior root was lo-
cated 8 mm anteromedial from the margin of 
the pcl, and 1 cm posterior to the apex of the 
medial tibial eminence (Figure 1). the lateral 
meniscus posterior root was a broad insertion 
4 mm medial and 1.5 mm posterior to the lat-
eral tibial eminence apex, and 12.7 mm ante-
rior to the pcl margin.3 the anterior meniscal 
roots have been described in detail.6 the an-
teromedial meniscal root is located 27 mm lat-
eral and distal to the tibial tuberosity and 27.5 
mm directly posterior from the medial tibial 
eminence apex (Figure 2). the anterolateral 

the meniscal roots have garnered in-
creased scientific interest in recent years 

due to better understanding of their anatomy 
and critical function in knee biomechanics. 
Menisci are crescent shaped triangular fibro-
cartilaginous structures, which contain longi-
tudinal fibers that allow for significant force 
dissipation when the knee joint is loaded. the 
anterior and posterior meniscal roots serve as 
anchors to distribute the axial force from the 
tibiofemoral joint to the tibial plateau through 
meniscal hoop stresses.1, 2 each meniscus has 
anterior and posterior root attachments.3, 4 
prior research has quantitatively and qualita-
tively described the anatomic relationships of 
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dial meniscus posterior radial root tears re-
sulted in increased mean contact pressure 
on the medial compartment, and decreased 
the functional contact area.2 this point load-
ing of the medial compartment can lead to 
chondral damage and earlier onset of osteo-
arthritis.2 allaire et al. showed that a com-
plete posterior medial meniscus root tear was 
functionally similar to a total medial menis-
cectomy.1 research has demonstrated that the 
meniscofemoral ligaments provide additional 
stability to the posterolateral root, and there-
fore isolated injuries to the posterior root of 
the lateral meniscus are not as detrimental to 
joint contact forces. Joint pressures are more 
likely to increase if both the posterior root of 
the lateral meniscus and the meniscofemoral 
ligaments are torn.7 in addition, pathology at 
the anterior root has been shown to increase 
meniscal extrusion and has been linked to ar-
ticular cartilage damage.8 However, tears of 
the anterior roots are less frequent, and there-
fore are not as well understood in the litera-
ture.4

Etiology of meniscal root tears

Meniscal root tears are bimodal in their age 
distribution and their mechanism.9 Younger 
patients are more likely to suffer meniscal root 
tears in an acute, traumatic event, while older 
patients may have a tear which occurs with 
minimal trauma. injuries are often rotatory or 
in knee flexion, and are often accompanied by 
other ligamentous pathology. research dem-
onstrated that 60% of patients with a meniscal 
root tear had a concomitant acl tear. lateral 
meniscus root tears were 10 times more likely 
occur with an acl tear than medial menis-
cus posterior root tears.10 Medial meniscus 
root tears were 6 times more likely to have 
chondral defects.10 Other studies have dem-
onstrated that medial meniscus root tears were 
more likely to happen in patients with varus 
alignment and were associated with Kellgren-
lawrence grade 2 or higher chondral damage. 
Hwang et al. also demonstrated a relationship 
between medial meniscus root tears and in-
creased age and BMi.11

meniscus root was 14 mm anteromedial from 
the apex of the lateral tibial eminence and 5 
mm anterolateral from the center of the acl 
footprint. However, it has been well described 
that the anterolateral meniscus root has supple-
mentary fibers that overlap with the ACL foot-
print.

Several studies have determined the impor-
tance of the meniscus roots on the function 
of the meniscus and kinematic knee forces. 
padalecki et al. showed that a complete me-

Figure 1.—anatomy of posterior roots.
Mte: medial tibial eminence; lte: lateral tibial eminence; 
Mpra: medial posterior root attachment; lpra: lateral 
posterior root attachment; SWF: shiny white fibers of medial 
meniscus; pcl: posterior cruciate ligament; acl: anterior 
cruciate ligament.

Figure 2.—anatomy of anterior meniscal roots.
lara: lateral anterior root attachment; Mara: medial 
anterior root attachment; acl: anterior cruciate ligament; 
pcl: posterior cruciate ligament; tt: tibial tuberosity.
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ues >90%.16-18 Correlated findings on MRI 
include fluid accumulation in the meniscal 
roots, meniscal extrusion >3 mm from the 
tibial articular cartilage on coronal Mri, or 
absence of an identifiable meniscus on sagit-
tal Mri, known as the ghost sign (Figure 3).19 
the variation in the reported predictive value 
of Mri is likely secondary to varying image 
quality and radiologist musculoskeletal expe-
rience, and these factors should be considered 
when making a diagnosis. arthroscopy is the 
gold standard for diagnostic confirmation of a 
meniscal root tear at the time of surgical inter-
vention. anterior roots are clearly visualized 
through standard medial or lateral anterior 
portals. For optimal visualization of the pos-
terior meniscal roots, some surgeons prefer 
a drive through intercondylar notch view 20 
or accessory posteromedial or posterolateral 
accessory portals. root integrity should be 
confirmed under tensile stress with a probe or 
other arthroscopic device.

Classification

Several classification schemes have been 
proposed to characterize tears at the anterior 
and posterior roots of the medial and later-
al menisci. The goal of these classification 
schemes is generally to improve communica-
tion among surgeons and across centers, guide 
treatment decisions, and improve reporting of 
outcomes based on tear type. Classification is 
typically performed either during review of 

Diagnosis

proper diagnosis is critical to ensuring a 
good outcome in meniscal root tears. the clini-
cal history and physical exam may be unreli-
able, because the symptoms of meniscal body 
injury are often different from meniscal root 
pathology. For example, prior research has 
demonstrated that only 10-15% of posterior 
root medial meniscus tear patients report their 
knee locking or giving way.12 in addition, up to 
70% of patients cannot recall a serious inciting 
event or major knee injury.13 physical exami-
nation is only moderately effective in diagno-
sis. Pain in deep knee flexion (posterior tears), 
a positive McMurray’s test, and a palpable 
meniscal extrusion, have positive findings in 
50-60% of root tear patients. Seil et al. reports 
a specific maneuver for posteromedial menis-
cal root tears. With the knee in full extension, a 
varus force is applied and anteromedial menis-
cal extrusion is visualized and palpated.14 they 
reported that after root repair, the clinical sign 
returned to normal. These specific physical 
exam maneuvers have yet to gain widespread 
acceptance.

Magnetic resonance imaging (Mri) and 
arthroscopy remain the gold standards for 
the proper diagnosis of meniscal root tears. 
MRI in the past had only moderate efficacy 
in detecting meniscal root lesions, with pre-
vious studies demonstrating 70% specific-
ity.15 However, new diagnostic approaches 
using Mri have allowed for predicative val-

Figure 3.—Magnetic resonance image (Mri) demonstrating a postern horn medial meniscal root tear. a) coronal Mri show-
ing medial femoral condyle bone bruise and medial meniscus extrusion; B) sagittal Mri showing missing medial meniscus 
density and increased signal at the medial meniscal root attachment site; c) axial Mri showing medial meniscal root tear.
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et al. proposed a classification scheme for 
posterior medial meniscus root tears based 
on the degree of displacement at the tear site. 
tears were divided into three groups: non-
displaced, overlapped, and widely displaced 
types.22 the authors found that absolute ex-
trusion of patients with nondisplaced or over-
lapped tears was significantly less than in 
the widely displaced group. Nguyen et al.23 
proposed a classification scheme for poste-
rior meniscal root tears based on tear pattern, 
which included horizontal, longitudinal, ra-
dial, root, complex, displaced, and bucket-
handle tears.

A classification scheme proposed by LaPrade 
et al. can be used to characterize tears of the 
anterior and posterior roots of the medial and 
lateral menisci.4 Tears are divided into five sub-
types: type 1, partial stable root tear; type 2, 
complete radial tear within 9 mm of the bony 
root attachment; type 3, bucket-handle tear 
with root detachment; type 4, complex oblique 
or longitudinal tear with complete disruption of 
the root attachment; and type 5, bony avulsion 
fracture of the root attachment site. addition-
ally, a variant tear type was defined for the pos-
terior lateral meniscal root based on the integ-
rity of the meniscofemoral ligament(s). intact 
meniscofemoral ligament(s) were thought to 
confer a degree of stability to the root attach-
ment even when the root attachment was torn, 
which has subsequently been validated in ca-
daveric biomechanical testing.7 While to date 
no classification scheme has emerged as the 
gold standard, these schemes have nonetheless 
proved useful, particularly with respect to re-
porting outcomes.24

Non-operative treatment

Non-operative management of meniscal 
root tears is reserved for patients who are 
poor surgical candidates (comorbidities or 
advanced age), have moderate to severe os-
teoarthritis (Kellgren-lawerence > grade 2) 
or asymptomatic chronic meniscal root tears 
(Figure 4). Non-operative management may 
also be indicated in older patients who may be 
unable to perform the intensive rehabilitation 

a Mri series or during arthroscopy. in a ret-
rospective review of 419 knee Mris, choi et 
al. proposed a classification scheme for le-
sions of the posterior medial meniscus root 
attachment.21 the scheme divided pathology 
into one of three groups: degenerative, partial 
tear, and complete tear. groups were further 
subdivided by tear pattern including radial or 
transverse in relation to the longitudinal axis 
of the meniscus. the location of failure was 
classified as entheseal (failure at the root-
plateau junction), midsubstance (within the 
root), or transitional (at the junction between 
the root and posterior horn of the medial me-
niscus). the boundary of the posterior menis-
cus root was defined as all root lateral to the 
inflection point on the medial tibial plateau 
when viewed in a coronal imaging plane. Bin 

Figure 4.—Meniscal root tear treatment algorithm.
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dian Kellgren-lawrence grade of osteoarthri-
tis progressed from a 1 at the initial visit to a 
2 at a mean follow-up of 35 months (range, 
26-49 months). these results suggest that 
analgesia and physical therapy may provide 
temporary improvements in pain and func-
tion but ultimately fail to prevent progression 
of osteoarthritis. lim et al. reviewed 30 pa-
tients with medial meniscus root tears treated 
with non-steroid anti-inflammatory (NSAID) 
drugs for 8-12 weeks and supervised physical 
therapy twice a week, for eight weeks. the 
authors reported improved patient reported 
outcome scores at 12 months.26 However, 
these scores progressively decreased but did 
stay above baseline outcome scores. Other 
studies have highlighted the importance of 
physical activity to reduce knee pain, im-
prove muscle strength, and increase quality 
of life in non-operative management of root 
tears.27-29 Herrlin et al. reported that physi-
cal exercise three times a week during a four 
month period could lead to greater than 35% 
improvement of knee function.27 taking these 
findings together, non-operative measures 
such as physical therapy and NSaid use have 
mild to moderate relief for some patients, but 
likely do not affect the rate of arthritis pro-
gression and treatment effectiveness declines 
with time.

Surgical treatment

Meniscal root tears are a subset of menis-
cal injuries that respond very well to surgical 
treatment. in an acute injury, a meniscal root 
tear may be identified by a bony avulsion of the 
meniscal root via plain radiography. Meniscal 

program required following root repair. there 
have been several recent studies examining 
the outcomes of non-operative treatment of 
meniscal root tears. a study by Neogi et al. 
followed 37 patients with a medial menis-
cus posterior root tear identified on MRI and 
grade 1-2 osteoarthritis who were treated with 
a short course of analgesics and physical ther-
apy.25 the physical therapy consisted of a 12-
week supervised program followed by a home 
exercise regimen. patients were evaluated 
with subjective outcomes scores and imaging. 
patients demonstrated an initial improvement 
in lysholm score, tegner activity Scale, and 
visual analog scale that peaked at 6 months 
followed by a decline. Furthermore, the me-

Figure 5.—illustration of transtibial repair of a posterior 
horn medial meniscal root tear. Sutures are fixed on the an-
teromedial tibia with a fixation button.

Figure 6.—arthroscopic image sequence of a posterior medial meniscal root tear. a) arthroscopic view of medial meniscal 
root tear; B) suture passing device showing suture passage through the medial posterior root attachment; c) sutures being 
passed over the medial meniscal root tear; D) final suture passage and completed repair of medial meniscal root tear.
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for suture passage.19 using an aiming device 
to place a guide pin through the tibial attach-
ment of the medial or lateral posterior menis-
cal root, a transtibial tunnel is reamed over 
the guide pin.2, 30 there have been a number 
of studies that have attempted to identify the 
ideal tunnel size. However, we recommend a 
two tunnel repair because this allows for the 
meniscus to be reapproximated best against 
the tibia. Number two non-absorbable sutures 
are then passed in a superior-to-inferior di-
rection through the meniscal root, shuttled 
through the transtibial tunnels and secured 
over the anterior tibial cortex.2 Our experi-
ence supports cortical button fixation because 
it is less invasive and decreases the risk of 

root tears can also be identified arthroscopi-
cally by probing a meniscal tear and tracking 
it back to the root attachment of the affected 
meniscus. If a meniscal root tear is identified 
using any of these methods, surgical meniscal 
root repair is indicated.

Surgical repair of meniscal root repairs 
has been well studied in the literature. cur-
rently, there are two main repair techniques. 
The first technique is the transtibial pullout 
repair technique. this technique can be used 
for medial (Figures 5, 6) or lateral (Figures 
7, 8) meniscal root repairs. Meniscal root 
injuries are accessed via medial and lateral 
parapatellar arthroscopic portals. addition-
ally, an anterolateral portal can be utilized 

Figure 7.—Arthroscopic images of a left knee demonstrating (A) posterior lateral meniscus root tear and (B) final fixation of 
the root repair after pulling the sutures through the transtibial tunnels.

Figure 8.—arthroscopic image sequence of posterior horn lateral meniscus repair. a) arthroscopic view of a torn posterior 
root of the lateral meniscus; B) arthroscopic view of sutures being passed over the root tear; c) arthroscopic image of sutures 
being pulled through the tibial tunnels, fixing the root tear.
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posterior root and restoring contact pressures to 
near normal values. Furthermore, these studies 
have demonstrated restoration of near normal 
contact pressures and hoop stresses following 
the double tunnel repair technique.2, 4, 19, 29 Kim 
et al. performed a systematic review compro-
mised of level iii and iV studies and reported 
good to excellent results after arthroscopic 
transtibial pullout repair for medial meniscal 
root tears.32 Furthermore, Kim et al. reported 
significantly less meniscal extrusion on second 
look arthroscopy in their meniscal root repair 
patients when compared to their partial men-
iscectomy patients. However, these findings 
are limited by the fact that the study included 
patients with severe osteoarthritis and a high 
average age (59 years).

Rehabilitation

there is a paucity of literature compar-
ing and describing post-operative rehabilita-
tion protocols following meniscal root repair. 
Mueller et al. proposed a linear rehabilitation 
protocol that focused on gradual loading of 
the meniscus root repair construct, which has 
been summarized in table i.34 in this proto-
col, patients were non-weight bearing for the 
first 6 weeks followed by gradual progressive 
increase in weight bearing for the next 2-3 
weeks. Subsequent phases of rehabilitation fo-
cused on endurance followed by strength train-
ing and ended with agility drills and return to 
sport clearance testing. return to sport should 
only occur after careful evaluation by a physi-
cian and clearance of functional testing such as 
the Vail sports test.35

symptomatic hardware seen with screw and 
washer fixation.

recent studies have demonstrated higher 
ultimate failure with complex fixation meth-
ods.31, 32 However, because as little as 3 mm 
of meniscal translation can alter meniscal func-
tion, we believe it is paramount to ensure se-
cure root fixation to prevent future meniscal 
symptoms. To best ensure secure root fixation 
we recommend use of the two simple suture 
technique32 because of it allows for accurate 
suture placement and is less technically com-
plex.

the second meniscal root repair technique 
utilizes a suture anchor repair. this technique 
most frequently involves an all-inside repair 
using one suture anchor with two sutures se-
cured in cortical bone at the anatomic menis-
cal root attachment site.13, 32, 33 this procedure 
is performed using standard anteromedial 
and lateral portals in addition to a postero-
medial portal that allows for more vertical 
placement of suture anchors, while avoiding 
interference from the medial femoral con-
dyle. the suture anchor is secured to the na-
tive attachment of the posteromedial menis-
cal root. Sutures are then passed through the 
substance of the root and shuttled between 
portals. the sutures are then arthroscopically 
tied using a knot while an assistant provides 
adequate tension on the suture to ensure com-
plete repair. 13, 32, 33 this technique is usually 
described in patients with a grade iii Mcl 
tear which allows access to the posterome-
dial root attachment.

Several recent studies have noted the superi-
ority of the transtibial two-tunnel technique in 
anatomically restoring the attachments of the 

Table I.—Rehabilitation timeline as described by Mueller et al.34

a periodized rehabilitation program following meniscus root repair

phase timeframe activities

protection Weeks 0-6 NWB, passive rOM 0-90 degrees, stretching, core strengthening
Weight-bearing Weeks 7-9 progress weight bearing status, calf raises, double leg squats, stationary bikes
endurance Weeks 10-15 double leg squats, static lunges, stationary bike with resistance
Strength Weeks 16-22 Single-leg squats, step ups, stationary bike with resistance
plyometrics and return to sport Weeks 22+ agility drills, cutting activities, jumping training, running progression, return to 

sport testing
NWB: non-weight bearing; rOM: range of motion.
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patients may benefit most from meniscus root 
repair versus meniscectomy or nonoperative 
treatments.

Complications

intra-operative and post-operative com-
plications associated with posterior menis-
cus root repair have been documented in the 
literature. intra-operative complications in-
clude tunnel convergence with concomitant 
anterior or posterior cruciate ligament tibial 
tunnels, malreduction of the meniscus root to 
a non-anatomic position, and posterior neu-
rovascular compromise. in addition, iatro-
genic injury to the anterior cruciate ligament 
is possible when preparing the tibial attach-
ment side, particularly for anterior root tears 
of the lateral meniscus. iatrogenic injury to 
the posterior cruciate ligament is also pos-
sible when performing a posterior medial or 
lateral root repair. Other perioperative com-
plications include surgical site infection, 
deep vein thrombosis, attenuation of the su-
ture repair construct, suture pullout, and knee 
arthrofibrosis. Over longer time scales, pro-
gression of osteoarthritis and re-tearing may 
also occur.

Conclusions

Significant research interest regarding the 
diagnosis and treatment of meniscus root 
tears in recent years has led to improved pa-
tient outcomes. patients with meniscus root 
tears treated non-operatively often lead to in-
creased contact pressures on articular cartilage 
and the development of rapidly progressive 
osteoarthritis. patients with little to no osteo-
arthritis and evidence of a meniscal root tear 
on Mri are candidates for repair. While mul-
tiple techniques for meniscus root repair have 
been reported in the literature, we advocate for 
transtibial pullout repair utilizing a two-tunnel 
approach. early- and mid-term outcomes fol-
lowing meniscus root repair have been report-
ed which show decreased pain and improved 
function and arrest of progression of osteoar-

Outcomes

Multiple studies have reported short- and 
mid-term outcomes following posterior me-
dial and lateral meniscus root repair. a meta-
analysis by chung et al. compiled clinical and 
radiographic outcomes following medial me-
niscus posterior root repairs.36 eight studies 
satisfied their inclusion and exclusion criteria. 
this meta-analysis compared pre-operative to 
postoperative differences in lysholm scores, 
progression of Kellgren-lawrence grade, 
progression of Outerbridge classification, 
and meniscus extrusion. analysis of pooled 
data revealed a significant improvement in 
lysholm scores. radiographic progression of 
Kellgren-lawrence osteoarthritis was identi-
fied in 10.6% [5.3-20.3%, 95% CI] of patients 
with a repair and in 17.3% [11.5-25.0%, 95% 
CI] of patients with a meniscectomy based on 
the Outerbridge classification. Together these 
results suggest that posterior medial meniscus 
root repair successfully delays progression 
of cartilage injury in 8 to 9 out of 10 patients 
who undergo repair. it is important to note that 
to date most of the outcome studies have re-
ported data for posterior medial meniscus root 
repairs only. compared to outcomes for poste-
rior medial meniscus root tears, outcomes for 
posterior lateral meniscus root tears remain 
under reported.24, 37, 38

Another source of significant debate is 
whether root repairs should be performed in 
older patients including those with little to no 
evidence of osteoarthritis. Historically, these 
patients would have undergone a partial or 
subtotal meniscectomy. laprade et al. recently 
reported outcomes on a series of 50 knees in 
49 patients.24 Outcome scores and failure rates 
were compared based on patient age (less than 
or greater than 50 years of age) and meniscus 
laterality. There were 15 patient in the ≥50 
years old cohort (mean age 58.0) and 35 pa-
tients <50 years old (mean age 29.9). results 
showed no significant difference in failure rate 
or subjective outcome measures based on pa-
tient age or meniscus tear laterality. as patients 
demand to remain active later in life, additional 
study is required to further refine which older 
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