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Summary. Meniscal root tears are defined as radial tears located within 1 cm from the
meniscal attachment or a bony root avulsion. This injury is biomechanically comparable to a
total meniscectomy, leading to compromised hoop stresses resulting in decreased tibiofemoral
contact area and increased contact pressures in the involved compartment. These changes
are detrimental to the articular cartilage and ultimately lead o the development of early
osteoarthritis. Surgical repair is the treatment of choice in patients without significant
osteoarthritis (Outerbridge grades 3 or 4). Root repairs have been reported to improve clinical
outcomes, decrease meniscal extrusion and slow the onset of degenerative changes. In this
article, we describe the anatomy, biomechanics, clinical evaluation, treatment methods,
outcomes, and post-operative rebabilitation for posterior meniscal root tears.
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Introduction

Meniscal root tears are defined as bony or soft tis-
sue root avulsion injuries or radial tears within 1 cm of
meniscus root attachment [1-4]. These tears are increas-
ingly being recognized as a cause of morbidity, develop-
ment of early osteoarthritis (OA), and altered joint kine-
matics when not surgically repaired [3, 5-9]. The preva-
lence of a complete meniscus root tear in patients with
a documented meniscus root tear has been reported to
be 9.1 % overall in patients who underwent arthroscopic
knee surgery [10]. Moreover, lateral meniscus posterior
root tears (LPRT) were 10.3 times more likely to occur
with an ACL tear than medial meniscus posterior root
tears (MPRT), which were 5.8 times more likely to have
concomitant knee chondral defects than LPRTS [11].
Medial meniscus posterior root tears are commonly de-
generative and seen in middle aged women and may
represent up to 21.5% of posterior horn medial menis-
cus tears [11]. latrogenic MPRT have also been reported
after non-anatomic tibial tunnel placement in posterior
cruciated ligament (PCL) reconstrucrion [12]. Injuries
to the anterior horns of the menisci are less common
and frequently occur iatrogenically, such as during ACL
tibial tunnel reaming and tibial nailing on tibial shaft
fractures [12-14].

Historically, meniscal root tears were treated with total
or partial meniscectomy to achieve short-term benefits.
Recent anatomic, biomechanical, and patient reported
outcome studies have elucidated this pathology, substan-

tiated the necessity of repair, and have led to improved
treatment methods. Currently, repair of meniscal root
injuries is the treatment of choice with the aim of restor-
ing joint kinematics, contact pressures, and delaying the
development of OA [15, 16]. This review will focus mainly
on posterior meniscal root tears including the anatomy,
biomechanics, clinical evaluation, treatment methods,
outcomes, and post-operative rehabilitation.

Anatomy

The meniscal roots exhibit main and supplemental
fiber attachment sites, which significantly contribute to
the native attachment areas and root attachment forces.
Therefore, previous anatomic studies need to be inter-
preted on the basis of whether or not they have included
the supplemental fibers [17-21].

Medial Meniscus Posterior Root Attachment
(MPRA)

The MPRA is 9.6 mm posterior and 0.7 mm lateral to
the medial tibial eminence (MTE), which is the most re-
producible osseous landmark [17]. Additionally, the cen-
ter point of the MPRA can be found 3.5 mm lateral to
the medial cartilage inflection point and 8.2 mm directly
anterior to the most proximal aspect of the PCL tibial
attachment point, which represent two other consistent
landmarks (Fig. 1) [17].

Lateral Meniscus Posterior Root Attachment
(LPRA)

The LPRA is 1.5 mm posterior and 4.2 mm medial to the
lateral tibial eminence (LTE) [17]. Additionally, the center
point of the LPRA is 4.3 mm medial to the lateral cartilage
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inflection point and 12.7 mm directly anterior to the most
proximal aspect of the PCL tibial attachment [17].

Medial Meniscus Anterior Root Attachment
(MARA)

The MARA inserts along the anterior intercondylar
crest of the anterior slope of the tibia [5]. The center
of the MARA was reported to be 18.2 mm anteromedial
from the center of the anterior cruciate ligament (ACL)
tibial footprint and 27.5 mm anterolateral from theme-
dial tibial eminence apex (Fig. 2) [17, 22]. The MARA s at
risk during intramedullary nailing of tibial fractures [14].

Lateral Meniscus Anterior Root Attachment
(LARA)

LaPrade et al. reported that the area of the LARA av-
eraged 140.7 mm? given the considerable overlap with
the ACL footprint [22]. Furthermore, the LARA site was
5.0 mm anterolateral from the center of the ACL foot-
print, 14.4 mm from the lateral tibial eminence apex and
7.1 mm from the nearest edge of the lateral articular car-
tilage. Therefore, the LARA is at high risk for iatrogenic
injury during ACL tibial tunnel reaming [12, 17, 22].

Fig. 1. Anatomical dissection of proximal tibial
articular surface (plan view, femur removed).
Tibial attachment of posterior root of medial

meniscus is marked with white arrows.
PCL - posterior cruciate ligament; aMFL — anterior

menisco-femoral ligament (Humphry ligament); pML -
posterior root of lateral meniscus; ACL — anterior cruci-

ate ligament; aML — anterior root of lateral meniscus;
aMM - anterior root of medial meniscus; pMM — poste-
rior root of medial meniscus; 7L — transverse ligament

(anterior menisco-meniscal ligament), MCL — medial
collateral ligament [17]

Biomechanics
The meniscal roots have an important function for
the meniscus to convert axial tibiofemoral loads into

hoop stresses [8]. The loss of meniscal anchoring to the
tibial plateau results in loss of normal meniscus func-
tion, meniscal extrusion, and altered knee kinematics.
This leads to unequal and abnormal distribution of
knee loading, thereby decreasing tibiofemoral contact
area and increasing peak contact pressures [8]. Allaire
et al. reported that sectioning of the MPRA resulted in
a 25% increase in medial peak contact pressure when
compared to the native state, comparable to that of a
total meniscectomy [8]. Similar changes in the loading
profile of the knee have been reported for avulsions of
the LPRA [2, 9]. The increased contact pressures due to
meniscal root tears are detrimental to the articular car-
tilage and can lead to the development of early OA if
not treated adequately [23, 24].

In cases of ACL deficiency, the lateral meniscus poste-
rior root plays an important role in stabilizing the knee in
both anterior tibial translation (ATT) and during pivoting
activities [25]. Therefore, in patients who exhibit a grade 3
Lachman and a 3+ pivot shift, a possible LPRT should be
suspected. The LPRA has also been reported to act as the
primary stabilizer for internal rotation at higher flexion
angles [25]. Based on these biomechanical findings, a re-
pair of a LPRT should be performed concurrently with
an ACL reconstruction to avoid persistent instability and
increased forces on the ACL graft.

Although speculation still exists on whether or not
the shiny white fibers (SWF) and supplemental fibers
should be considered as part of the meniscal root at-
tachment, biomechanical investigations have reported
that they impact significant contributions to their ulti-
mate failure strengths for the posteromedial, postero-
lateral and anteromedial roots [19]. Therefore, Ellman et
al. suggested that failure to incorporate these fibers dur-
ing repair might be the reason some surgical techniques
do not adequately restore knee biomechanics [19].
Likewise, a non-anatomic repair has been reported to
have significant consequences for the long-term health
of the tibiofemoral joint [26, 27]. In porcine and human
models, recent studies have reported that a non-ana-
tomic transtibial pullout repair of the medial meniscal
roots, anchored only 3-5 mm medial from the native site,
substantially increase mean contact pressure and de-
crease contact area during tibiofemoral loading [26, 27].
Therefore, anatomic repair is necessary to decrease the
detrimental factors contributing to the progression of
osteoarthritis.

The two-tunnel transtibial pull-out repair technique
has become popular among clinicians because of its abil-
ity to restore tibiofemoral contact pressures and contact
area at time zero [3, 8, 28-30]. The transtibial pull-out
technique has also been proposed to have the added ben-
efit of enhanced meniscal healing due to the biological
effect provided by tunnel drilling allowing the egression
of growth factors and progenitor cells from bone mar-
row [31]. However, micromotion of the meniscal root,
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Fig. 2. Time-0 results of contact pressure distribution (in MPa)
immediately after the knees were subjected to different conditions.
a — Intact knee; b — a complete radial posterior lateral meniscus root tear (PLMRT); ¢ — a complete radial PLMRT com-
bined with deficiency of posterior menisco-femoral ligament (PMFL); d — total meniscectomy of lateral meniscus [2]

or “bungee effect” as described by Feucht et al. [2014],
caused by long length suture construct, has been an area
of concern, but Cerminara et al. reported that the main
cause of root displacement was the meniscus-suture in-
terface failure, rather than a “bungee effect” [28, 31].

Diagnosis. Clinical Evaluation

Meniscal root tears can occur during traumatic events,
but most cases (around 70% of MPRT) occur in degenera-
tive knees without a specific injury event or following mi-
nor traumatic movement, such as squatting [32, 33]. The
MPRA is the least mobile of the meniscal roots and, con-
sequently, has a highest incidence of tears. The incidence
of MPRT reportedly varies from 10-21% of medial menis-
cus tears [34-38]. In the setting of a multiligament injury,
the incidence of MPRT is reported to be around 3% [6, 33,
39, 40]. Additionally, 80% of patients with spontaneous
osteonecrosis of the knee (SONK), typically involving the
medial femoral condyle, have an associated MPRT, which
argues against the «spontaneous” etiology of this over-
load syndrome [41].

The risk factors for MPRT are varus alignment, in-
creased age, high body mass index, and female sex
[35-37, 42].

Most meniscus root tears have no history of inciting
trauma; therefore, a high degree of suspicion is required
in the presence of risk factors. Patients can report joint
line pain, but meniscal mechanical symptoms (locking,
catching and giving way| are not common [43]. A pop-
ping sound can be heard when the patient performs
light activities like rising from a chair or squatting [44].
The onset of pain may be subtle and severe with a minor
or no evident trauma [45]. The most common findings
on physical examination are pain with full knee flexion
(66.7%), joint line tenderness (61.9%), and a positive Mc-

Murray test (57.1%) [45]. A MPRT can result in an extrud-
ed meniscus palpable along the anteromedial joint line
when a varus stress is applied to the knee in full exten-
sion. This extrusion disappears when normal knee align-
ment is restored [46].

Imaging

Magnetic resonance imaging [MRI] is the imaging mo-
dality of choice to diagnose meniscal root tears and con-
comitant pathologies [32, 35, 49-51]. In a recent prospec-
tive level II study, LaPrade and Ho reported a diagnostic
sensitivity of 77%, a specificity of 73%, a positive predictive
value (PPV) of 22%, and a negative predictive value (NPV) of
97% using 3.0 T MRI, with a higher sensitivity for MPRT [10].
To assess for a meniscal root injury, T2-weighted sequences
are typically utilized with coronal, sagittal, and axial im-
ages [49, 52]. Three main signs should be evaluated on MRI
when a MPRT is suspected: 1) linear high signal intensity
perpendicular to the meniscus (radial tear) at the meniscal
root in the axial plane; 2) a vertical linear defect on the
meniscal root (truncation sign), which is associated with
medial meniscal extrusion >3 mm; and 3) the ghost sign,
which is absent in normal meniscus signal in the sagittal
plane (Fig. 3) [50]. These three signs when used together
have been reported to have a high sensitivity and specific-
ity [10]. Moreover, near perfect intra- and interobserver re-
liability were reported for MPRT diagnosis on axial, coro-
nal, and sagittal MRI planes [50].

Extrusions of greater than 3 mm on mid-coronal im-
aging are significantly associated with articular cartilage
degeneration, severe meniscal degeneration, and menis-
cal root tears (Fig. 4) [53, 54]. Ipsilateral tibiofemoral
compartment bone marrow edema and insufficiency
fractures are commonly noted in the presence of poste-
rior meniscal tears [32].
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Fig. 3. Left knee MRI showing a medial meniscus posterior root tear (MPRT) (yellow arrow).
A - Sagittal plane view. Ghost sign; B — axial plane view; C — coronal plane view [50]

Fig. 4. Left knee MRI showing a medial meniscus extru-
sion on the coronal plane views [53]

Classifications

LaPrade et al. (2015) classified posterior root tears ac-
cording to morphology based on an arthroscopic assess-
ment. Type 1 (7%) is a partial and stable root tear; type 2
(68%) is a complete radial tear within 9 mm of the root

attachment. Type 2 tear can be subclassified in 2a (38%),
within 0 to <3 mm; 2b (17%), between 3 and <6 mm;
and 2c¢ (12%), between 6 and 9 mm from the root attach-
ment. Type 3 (6%) is a bucket-handle tear with complete
root detachment, type 4 (10%) is a complex oblique or
longitudinal tear with complete root detachment, and
type 5 is a root bony avulsion (Fig. 5) [47].

Forkel et al. have described another classification for
LPRT according to localization and compromise of me-
niscofemoral ligaments [48]. Type 1 is a real avulsion of
the posterior lateral root. This injury can be a result of a
trauma or iatrogenic due to a posterior sited ACL tunnel.
Type 2 is a radial tear involving only the root and not the
meniscofemoral ligament. Type 3 is a radial tear of both
root and meniscofemoral ligament.

J-Y Kim et al. classified root tears into 5 types accord-
ing to the presence of a complete tear and the measured
value of the tear gap: type 1, incomplete root tear; type 2,
complete root tear with no gap or overlap; type 3, com-
plete root tear with a gap 1-3 mm; type 4, complete root
tear with a gap 4-6 mm; and type 5, complete root tear
with a gap 7 mm [55].

Treatment Rationale

Treatment of meniscal root tears is variable based
upon the severity of the injury, timing of injury to surgi-
cal intervention, and the condition of the articular carti-
lage. The goal of surgical repair is to restore joint contact
pressures, joint kinematics, and delay the development of
OA. Therefore, surgical repair is not indicated for patients
with diffuse Outerbridge grades 3-4; however, it may be
considered in those with focal chondral deficits to re-
lieve symptoms. The most commonly utilized treatments
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Fig. 5. Meniscal root tear classification system illustrated in posterior medial meniscal root.
Type 1 — partial stable tear; type 2 — complete radial tear within 9 mm from attachment;
type 3 — bucket-handle tear with complete root detachment; type 4 — complex oblique or longitudinal tear
with complete root detachment; type 5 — bony avulsion fracture of the root attachment [47]

for posterior meniscal root tears include non-operative
treatment, partial meniscectomy, or repai.

Non-Operative Treatment

With recent evidence on the importance of the poste-
rior meniscal roots on maintaining hoop stresses, normal
knee kinematics and normal contact loading, as well as
excellent post-operative patient reported outcomes and
established surgical techniques, there are few scenarios
not to treat a root tear with a surgical repair. Elderly pa-
tients with high grade and diffuse OA (Outerbridge 3-4)
are usually candidates for nonoperative treatment. Symp-
tomatic treatment with the use of analgesics (oral or top-
ical), activity modification, and/or an unloader brace can
relieve some of the symptoms.

Meniscectomy

Patients with advanced degenerative changes and
persistent mechanical symptoms such as locking and pa-
tients who have failed conservative treatment may ben-
efit from a partial or subtotal meniscectomy [42]. Howev-
er, the development of further OA reliably occurs, making
symptom relief often short-lived in contrast to meniscal
root surgical repair.

Posterior Meniscal Root Repair

Anatomic repair of the meniscal root should be at-
tempted whenever possible to prevent meniscus damage
and OA, except in cases in which the patient is a poor

surgical candidate (significant comorbidities or advanced
age), diffuse Outerbridge grade 3 or 4 OA of the ipsilat-
eral compartment, non-symptomatic chronic meniscal
root tears, and/or significant limb malalignment unless
concurrently corrected [32, 55]. The two most common-
ly used repair techniques are suture anchor repair and
transtibial meniscal root repair.

Suture Anchor Repair

Medial meniscal root tears can be treated with suture
anchor repair, utilizing one suture anchor with two su-
tures via an all-inside technique. For a MPRT, an anchor
is inserted at the meniscal root anatomic footprint by us-
ing a high posteromedial portal. Then, the root is reat-
tached with two vertical sutures [56-58]. This technique
is technically demanding and has mainly been reported
in patients with grade 3 medial collateral ligament tears.

Transtibial Pull-Out Repair

Many techniques describing transosseous suture fixa-
tion for medial and lateral posterior root tears have been
described. The treatment can slightly differ depending on
the type of meniscal root tear pattern. This particular tech-
nique involves passing sutures through the meniscal root,
retrieving them through tunnels drilled in the proximal
tibia, and subsequently tying them over a post, button or
anterior tibia bone bridge [40, 59-61]. Many meniscal suture
configurations have been proposed with different biome-
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chanical properties including two simple stiches, horizon-
tal mattress stitch, modified Mason-Allen (MMA), and two
modified loop stiches [62]. However, two simple sutures
have been reported to result in the least root displacement,
have increased stiffness, and are not significantly different to
the more complex (MMA) suture [28, 62]. Single tunnel and
double tunnel techniques have been described in attempt to
reproduce better the anatomical footprint and enhance bio-
logical healing [30]. Fixation with a button is advantageous
given that it is less invasive and reduces a risk of soft tissue
irritation compared with screw and washer fixation [40].

Outcomes

Partial meniscectomy vs meniscal root repair

Partial meniscectomy for MPRT has been reported to
significantly improve subjective outcome scores; how-
ever, degenerative changes on the Kellgren-Lawrence
scale (KL) increased significantly postoperatively at
5 years’ follow-up [35, 63]. In a recent retrospective study
by Krych et al. comparing a partial medial meniscectomy
with nonoperative treatment, no significant difference in
final Tegner scores, IKDC, or KL grades, was found be-
tween both groups. However, 54% of the partial medial
meniscectomy group progressed to a total knee arthro-
plasty (TKA) on average in 4.5 years [63).

Meniscal root repairs have been reported to improve
subjective patient outcomes. In a recent meta-analysis,
Chung et al. reported significant improvements in post-
operative clinical scores after surgical repair [23, 24]. Sim-
ilar results were reported in a recent systematic review
by Feucht et al. [64]. Feucht et al. reported an improve-
ment of the Lysholm score [52 to 86] after MPRT repair
by arthroscopic transtibial pull-out technique [64]. In a
retrospective study comparing transtibial pull-out menis-
cal root repair to partial meniscectomy with a2 minimum
5-year follow-up, Chung et al. reported significantly bet-
ter clinical and radiological outcomes in the repair group
[24]. The rate of conversion to a TKA was 34% in the
partial meniscectomy group and none in the root repair
group [24]. In a retrospective study, Kim et al. compared
partial meniscectomy (28 patients) to meniscal root re-
pair with pull-out technique (30 patients) with a mean
follow up of 46 months. Significantly better clinical and
radiological results were found in the repair group [65].

LaPrade et al. performed a retrospective Level III study
of 50 knees and reported improved subjective outcomes
(Lysholm, IKDC, and WOMAC) with posterior menis-
cal root repairs with an anatomic two-tunnel trans-
tibial pullout technique [66]. There was no significant
differences in the failure rate according to age (<50 vs
>50 years) and laterality (MPRT vs LPRT). Patient satis-
faction was high with a significant improvement in pain,
function, and activity level [66]. Therefore, they suggested
that other factors such as OA grade, high BMI, or the abil-
ity to comply with the postoperative rehabilitation pro-
tocol may be more useful when assessing the appropriate
management rather than age as a sole factor [60, 67].
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Meniscal root repair and arthritis

In a meta-analysis by Chung et al., it was reported
that progression of arthrosis was observed in only 10% of
patients at a mean follow-up of 30.3 months and mean
age of 54 years after meniscal root repair [23]. Therefore,
it was concluded that a minimum of 79.7% of patients
with MPRT could avoid degenerative changes with surgi-
cal repair. In a systematic review by Feucht et al, it was
reported that 84% of patients had no progression of OA
on the Kellgren-Lawrence grading scale after meniscal
root repair [64]. These studies suggest that meniscal root
repair can slow down the progression of osteoarthritis.

Meniscal root repair and reniscal extrusion

One of the challenges with meniscal root repair is the
presence of meniscal extrusion during follow—up. Chung
et al. reported that meniscal extrusion was not reduced
in the evaluation of 117 patients of four studies, while
Feutch et al. found a 56% rate of medial meniscal extru-
sion [23, 64]. Ki et al. found a decrease in meniscal extru-
sion in 86.7% of patients [24]. The biomechanical conse-
quences of extrusion are not fully understood; however,
increased joint loading can be expected with increasing
meniscus extrusion. Therefore, anatomic reduction and
fixation of the meniscus root to the anatomic footprint
is important.

Postoperative rehabilitation

The patient should remain non-weight-bearing for
a minimum of 6 weeks following a transtibial pull out
meniscal root repair. Passive exercises for a range of mo-
tion in a safe flexion zone from 0° to 90° begin on the 1-st
day after the surgery. After 2 weeks, the patient can be
advanced in his knee flexion as tolerated. Gradual prog-
ress towards full load begins at 6 weeks. Deep leg presses
and squats with knee flexion greater than 70° should be
avoided for at least 4 months after the surgery. Differ-
ent postoperative rehabilitation protocols have been de-
scribed in the literature; however, no comparison study
has been performed [32, 33, 67, 68].

Although the management of meniscal root tears is
evolving and improved subjective outcomes are being ob-
served, no long randomized controlled studies have been
published to date. However, with an adequate diagnosis
such as a correct clinical and imaging assessment, fol-
lowed by a correct indication, meniscal root tears should
be repaired. This will result in improved clinical and ra-
diological outcomes compared to partial meniscectomy.
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IIpo6IeMH YIIKOXKEHHA KOPEHA MEHICKa

3asipruii LM.', Kocmpy6 O.0.%, [Hlmizenscokuii P?, Anopees A4

! Kniniuna nikapra “@eoanis’ Jleprcasnozo ynpasninms cnpasamu, M. Kuig

21V “Tucmumym mpaemamonozii ma opmonedii HAMH Vipairnu”, m. Kuis

SInemumym Mipaii, m. Bapwasa, Ionsua

*Kninixa opmonedii ma mpaemamonoeii, Yrisepcumemcvka oazamonpo@ineha JiKapHs
axmuero20 nixyeanns ‘Ceamoi Annu”, m. Cogpis, Boneapis

Pe3stome. Vukooncenns Kopens Menicka sUSHAMAI0MsvCa K PAoiansti YKo ens,
posmauiosani na eiocmani 1 cm 8i0 Micys NPuKpinienns mericka, aoo 6i0pus Kicmxo-
8020 OJIOKY 3 KPINAEHHAM MEHICKA 00 Hb020. L[8 mpaema Oiomexanivno nopieHIOEMbCs
13 3G2AN6HOI0 MEHICKeKMOMIEI0, U0 NPUIBOOUMb 00 SMEHILEHHA NA0UL KOHMAKMY MINC
BENUKOOMINKOB0I0 MA CME2HOB0I0 KiCmKamy ma 30InbUuenHs KOWMAKmmo20 muckKy
8 ypaxceromy 6i00ini. Li sminu 32Y0H0 8NAUBAIOMb HA CY210008ULL XPAU, 1, 3DEUmoro,
npu3eo0ams 00 po3eumKy parnnsvo2o apmposy. Xipypeiune Gi0HOGACHHA — e JUK)6aH-
HA, AKe 00uparoms 014 nayienmis 6e3 3Hauno20 ocmeoapmposdy (3-1 abo 4-i cmynins
3a Outerbridge). 1106100MAANOCA, U0 6I0HOBNCHHA KOPEHIE MeHICKA NOKPAULYE KINIuHI
pesynvmamu, 3MeHULYE excmpy3ito MeHICKA Ma YNoGiNbHIOE HACMAHNA 0e2eHepamue-
HUX 3MiH. My ONUCYEMO AHAMOMII0, OIOMEXAHIKY, KAHIUNY OYIHKY, MeMOOU JiKY8AHMNA,
pesyrvmamu ma nicrionepayiiiny peadinimayito npu Pospusax Kopens 3a0Hb020 pozy
MeHicKa.

Kntouoei cnoea: namepanvhuii Menick; MeoiansHuti Merick; Po3pus Kopems Menickad;
BIOHOBNIHHA KODEHS MEHICKA.

IIpoGIeMBI MOBPEKICHUA KOPHIA MEHHCKA

3asupmoui UM, Kocmpyo A.A.2, Hmuzensciuti B3, Anopees A.?

Knunuecras 6onshuya ‘Geoganus” Iocydapemeennozo ynpasienus oendmu, 2. Kues

TV “Uncmumym mpasmamonozuu u opmoneduu HAMH Yipaunwl”, 2. Kues

S Unemumym Mupaii, 2. Bapwaea, Honvua

*Knunuxa opmoneouu u mpasmamonozuy, YHusepcumemcras MmHo20npoPuLbHas 001b-
HUYa axmuerno20 aevenus “Ceamoit Anno”, 2. Cogpus, boneapus

Pestome. Paspuigol KOPHA MEHUCKA onpe()eﬂmomc;z Kax paouansrbie nospeicoenus,
pacnonoxcenmoie Ha paccmoanuy 1 cm om mecma NpuKpenienis MeHuckd, Uil ompuis
KOCMH020 ON0KA € KpenaeHuem MeHUCKA K HeM). Ima mpasma OUOMeXanu4ecku cpashi-
Ma € MOMANLHOL MEHUCKIKIMOMUCL, UIMO NPUBOOUM K YMEHbULeHUIO NI0WAOU KOHMAKMA
MeNCOY OOnbLULeOEPY060LL 1 DEOPEHHOL KOCMAMU U YEEIUMEHUI) KOHMAKMHO20 0ABeHU 6
NOPANCEHHOM OMOese. DM USMEHEHUs 2)OUmensHbl 0a5 CYCMABH020 XPAUA U, 8 KOHeWHOM
umoze, npUBOOAM K PA3BUMUI0 parnne2o apmpo3a. Xupypauueckoe 60CCmanosieHue — Imo
Jlevwenue, Komopoe 8ulouparom 018 Nayuenmos 0e3 SHA4UmensHo20 ocmeoapmposa (3-1
unu 4-a cmenens no Outerbridge). Coo0UANOCH, YMO BOCCMAHOBACHUE KOPHEL YIyuuiaem
KAUHUYECKUE De3VIbmambl, CHUNCACT IKCMPY3UI0 MEHUCKA U 3AMEONAem HACMYNAeHue
Oezenepamuebix usmenenui. Mol Onucbleaem anamomuto, OUOMEXAHUK), KAUHUHECK)IO
OUCHICY, MEMOObL JIeHeHUA, UCX00bL U NOCIeONEPAUUOHHYIO DeAOUNUMALUI0 NPU PA3Pbleax
KOPHSA 3a0He20 P02a MEeHUCKA.

Knioueewte cnoea: ramepansioiii MEHUCK; MEOUANbHIL MEHUCK; PA3DbIE KOPHS MeHU-
CKa; 80CCMAN06IeHIUe KOPHA MEHUCKA.
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