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Review article

Meniscus injury: 2025 update
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Abstract

This topic focuses on medial meniscus posterior root tears, a condition that has garnered increasing attention due
to its association with degenerative knee changes and the potential for early-onset osteoarthritis if left untreated.
Biomechanically, a complete medial meniscus root tear mimics the effects of total meniscectomy, leading to impaired hoop
stress distribution and accelerated cartilage degeneration. Early detection and accurate diagnosis are crucial for optimizing
patient outcomes. Most cases of medial meniscus root tears occur in conjunction with degenerative changes of the knee,
with meniscal extrusion being a common finding on magnetic resonance imaging, reflecting compromised meniscal function.
Proper patient selection and a thorough understanding of the natural history of the disease are essential in guiding
treatment decisions. Management options include conservative treatment, meniscectomy, meniscus root repair, meniscus
reconstruction and techniques aimed at reducing meniscal extrusion. Long-term study suggests that surgical intervention,
particularly meniscus root repair, is associated with a lower rate of knee replacement compared to nonoperative management.
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Type lll

Figure 5. N17a4uUNN192N1AT09uNausesdainsuli Ine Laprade CM. Type |, Partial stable tear; Type II, Complete

radial tear within 9 mm from the root attachment; Type IIl, Bucket-handle tear with complete root detachment;

Type IV, Complex oblique tear; Type V, Bony avulsion fracture with root detachment (Aaula3a1n LaPrade
CM. uazany *7)
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Figure 6. ngesindasnaaslugilaninis@nanaaassinunausasdonaulugiumnas (A) nanainnissnsngdasnaes

iutans Nnausasdainaludiunas (MFC, medial femoral condyle; MM Root tear, medial meniscus

root tear; MM Root, medial meniscus root; MTP, medial tibial plateau)
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6.2.2.2 FEMsdaNuTNTINYNEUTBITIT A ILNALEL
(suture anchor technique)
Qdd’/ Y o a ¥ ! dl a v ad
pilAsuAuliandesnd il eauiuls
transtibial pull-out tHasaInAINEIN TN ALY
(suture anchor) dumauvsvnAialitlsznaudias
n1giATENL a1l auneusesd el uargiunszgn
i

ngenyafiu naduiledienueusesdeidnnanain

v
ada

wazn15adulfuiy (Figure 8) T01da1093an lawn
ANEINIUNNINUH AL 81T ANIIIEANILABITDY
nszandeuaniufiu nstinanauaanls uinuyefiu

Collective review Meniscus injury: 2025 update 79

Tignaneetinagneiag Lmzﬁunuﬁ@ﬁu@ﬂnmﬂﬁmmLfﬁ‘u(‘”)
Kuptniratsaikul S. wazauy “Y s @auauuania
nsganuansnunansesdanfuludqundslne 14
wyALE LWL curved sleeve soft anchor suture
ﬁﬁmilﬂmmqLﬂT']LLuqﬁ?qﬁziquluﬂJ@qLﬂi’]ﬁ’]\w’mm@umzqﬂ
LL@:v‘th@Lﬂﬂlummzﬁlmzni:@ﬂuﬁﬂLL%QLﬁmwmmLfﬁu
ﬁﬂﬁﬂfmwmmﬁudqﬁu ) uaznasnaiilenanall
2 I wudnstanatu aansaldeiuanlddndnniau
e $n1700A9189N19LAR U INEUTR TR LI
panuan wazddlinunianesusesmaiadainiden

NNTRURIANENFR 4" (Figure 9)

Figure 8. 3an13danuansINunausasdaiinfaeuymin (suture anchor technique).

Figure 9. ginsaldmiudesunusnuuensasdainsuludaunasingldvuyafiuiuy curved sleeve soft anchor suture

Ipel Kuptniratsaikul S.UazAU



80 C. Ruampatana, T. Ittipanichpong

NARNSUBINTENAARQEATT AINNNTAN YD

Kim JH
¥ 1 1 ‘#I 1 <

NUAUTITALA1AINNIFAININN AR ULH AN TR

LATALE WUA1 §MILE enfuLe9sIN
TduAnNAN9a NN T aNUEN LU transtibial pull out
Laenglafinng FIgeIIaLANLIN N1TLARDUMIAUIDS
dardndemslianasatnafdadAryaniaunissnsn “
Numﬂmﬁ‘ﬂﬂﬁ’wL‘L@‘EI‘LIW]EIUTWWJ’N 9 transtlblal pull-out
repair LWag 7% anchor suture Lummnmmmfmmm
WAZTRLAEILANANGTTL (Table 1)
nsANEMSTanadansiae Feucht MJ LATARLY
WU4913% anchor suture ¥ LA ANTLAG OUT WL
UHUIA (cyclic loading) uardANLTILIEINdNTT
transtibial pull-out repair agn9lsfinnu qﬁ”mm‘i%
Alal arunrnainemanund swsed i euwinfiled e
se70T7A LA Y Tuntendude n1gANEI189 Wu SH
wazaniz @ GadunsAnuludeiiuyg woii3s anchor
suture Aaglfusannnninuarmuudausatiasndn
wiaz1elansmiunisAnsdauluaiwuan AR89
MIARIUMNELIBT RN HARNENNTIF UM AN TN AR

SLALNNIANTBINITANEDU ULATARIINIITANAATDINNDU

Table 1.

J Med Biosci

sesdarinae it lifanauansnsfuseatiiadnAny
mannszinugldinsAnedamsi Ausasresusana
fufaffinaseniswlauulasiadaseinndsnisEndn
TRNLTNIINVNUTRIT B dunaan U luA e BN T LE
anchor suture WA transtibial pull-out TWiKLFa ARG
Fanudne 2 33 @runsornliusaneduian e u
lad Luﬂnﬁiwmm\'wgﬁmmffﬂqzﬁ FAIINNNDUIDY
fauinduludoundcey annisinmiasagddne 2 33
WinaliunnanaiuluBesusanaduda

AN ldnaNnEadady nsAaeuRleenTes
vnausasdalIn 1ise meniscal extrusion a1a Ll lAElng
naanIsdanLINI nuNausedteidnlia1az 1435 a
FaiuA e il a7 g ad s lunszuaunisdenuas
A atTaafuni91Aa auR 90N ausasdat1 luszudng

(48, 49)

198 ALAZIALLN Fn3@nun1sdpmwme s as

38019 reduction or centralization TBIUNBUIAITBLIN

2991y g Ozeki N. warAnsz Tan19Anuiliagldn
centralization daui lANITLAR AUAQIDINNAUTA
dati1d1ulunazaraanisld anvesnszgnaau

. = oo c o A e oA
‘ﬂﬂ’NVL‘iﬂL‘l’\ﬁJ".lﬁu?NﬂQLﬂuﬂ‘ixLﬁuWﬂﬂmﬁl\‘mu’ﬂ% FUANAN

doh uazdalde 189359 AAtanTNIININaUIsTainiunsznuiiuds (transtibial pullout technique)

WAy ?ﬁﬂﬁsﬁﬂuLLsﬂmﬁﬂMN’ammﬂTﬂLﬂﬂ&ﬁ”ﬂﬂMHmLﬁu (suture anchor technique).

Transtibial pullout suture

Anchor suture

YAk
acidl o o e
- hudandAasunnedaulunfunae

- HAudremiamaiiaNinngn

v K Y
- anunandnegUnaniladng
- ldgunsnidmiunindngdasndaayialy

FANUTNLAD L AN LAUININBA TN RN

aaide

- Anuudeusadaanan

- a‘jmﬁ‘m:mz@mﬁ'@ﬁﬁmq (bone tunnel require)
- findaunduisuisten uy (bungee effect)

- AdAsa NN AR LTe UL sT A NLATAALAR A

- R AsTauna U A uvdat anugN (no bungee
effect)

- TafigEnziunszgnuiuds (no interfere with bone
tunnel)

Tuuifiuanaianistiafavsatdananulngg

ﬂ?:@jﬂiﬁﬁfﬂﬂﬂd’] (less suture elongation and
abrasion)
48 «
- ANA AN luNTuIAR LA NLE WU T TR NLAY
NADALADA

- Annen NI ALy

- emdAamsszaaiAesiinszangauanniayniu

- nsieenanaasaninuyatfiulignanelu
Fumhifinzan

- msl%’ahmﬁmﬁmi’ﬁm‘“wgm Wiy




Vol. 8 No. 1
January - June 2026

nalnuaTANALATEAT LA BuLl A9 e aMNaLTe
Farnenadanan aa1n1lannaz AN LISAIURIan
nsHnsnganuan®’ (Figure 10)

st aNLINIINUNauTaItald1ld naa e
Tuszarenad Andanisinendaaa 2 laindauaznaia
nuausasdaLyn® m@ﬁwﬁmmma‘ﬁﬁﬂmvﬁu%u@gﬁu
nanelade nsAnE2ed Jiang EX wazmmie Tl w.a.
2562 WudnTadaiiuansznuRenisnensaluai 1l
Tuntsdenutnsnuneusesdana1ululaun Tsagau
mqﬁlﬁuﬁu ﬁﬂLﬂﬁLﬁﬂuguLL@q warn1sEAlnR 199
nsdaGaadanan aadddniedielugannga 50 62
Fatunindenddaenzansenisfnena iy
antlagafiaosiansaunae e dou el Wlduadnsil
Use@NBNIN

6.2.3 N15A51NINNURITINUNBUSTBITBLL 1A 28
Lﬁ%;?fawmmu (meniscus root reconstruction)
A19TRNUTNA1IRNTNALRITINNNAUTBIT DL
é’ﬁﬂumwﬁqﬁﬂchzﬁﬁﬁnﬂuﬂwﬂmﬁumﬂﬁmﬁ'ﬂL°1hLﬁ@u
uasileaunagnENIeRaInTa atnglsfinnuluniae
AsuRlantsiiveanuaznislsyansnnlunisinauaes
nuauseadaldn (healing process) Seluaanan laiane
nisaf1eludaessnuneusasdainsulu mmmﬁluvj
N197Y1191U42B 99U NBUTAIT BT TLAZN1TTNITUNN
Fanaransredednliinaireslnils Tnafinnsdnen
984 Ishikawa H. WAz Holmes SW. 71¥n1IHANKAL
seminanisaigIvdaasmnunausasdatn Inald gracilis
tendon 189FRK110E1L89 LATATNNITENUININNUNEUTE

Collective review Meniscus injury: 2025 update 81

(%

daidnuuy transtibial pullout ¥ lpedsiiidenAe

gusnt a8l A ALTaR 91899 NauTaIT a1 A 11l
. 2 4 . adday v a

wazdudanisidenaesnszgnaan Wudsn ldidudu
duaenadlineliiAnUfAzengiduiu nisaniudazes
nszanuaziduidunnduuuiiiuden uaruaniuileann
n13as 19 lunLan NNsdaNLN transtibial pull out repair
Mihnnszansldiansian AlldautoaanaauLezeanig
nafnansiiaTuAuNsgnonelesuiunisainglug
Weasaagn AN Taiannsd e NeauNeusaddaLn
10 wazidavnsnAansaniun1ssanszgnutituda
(high tibial osteotomy) Aaunsaaadadustaiaeaiuls
o o U = aa ‘:‘Id Ad‘:‘ld o £

duiudeidurediiine HulsnNanududaunas
sasandailszaunisal Mvnwennainuane nani’ld
AN2ENFAKILNGIABAAUNEN LAYR1ANANIITLNINT a1

209a U dudugninnld (donor site injury) ©* %9

6.2.4. nsrnAmAEUT a1 NTEN (arthroplasty)
AnstinFRd e A UL et ed a1
uiteluiadenidmeldsnundilaeifsnvaeuses
faiinanan wazinnasdenndenssiuguusssaudan
AR NE AR NE NIRRT NTINTH N ALLA 1
ﬁ@L‘ﬂ’ﬂ‘Léﬂ’]??ﬂH’]TTﬁ‘ﬂJ@L‘ﬂ’]L?ﬁlﬂmﬂaﬂgﬁ (secondary
osteoarthritis;OA) ARAANNNNIANINATEIN A UNATDS
nuausesd e 1A1ulud aunasuasld i uaid usy
ANTtTaNLTII N INaUTadaLIn AaannsEnRaL AL
Fa1d A NRULLUNNE9% (unicompartmental knee
arthroplasty; UKA) W11 F2dgaeusamienistlan
dilraanunsonausnldaouldlndiasslng wazdlainy

Figure 10. NTARDLFNBBNUBIUNDUIAITRLIN Y98 meniscal extrusion (A); WazN"3 centralization VENUNEUIRITREN (B).



82 C. Ruampatana, T. Ittipanichpong J Med Biosci

4 . . o o
N1741Ua g Ul a9n19anIne 1819593 19T 2L 1LE BN
A < “ .
parutasaraduuidaluntaasnlun1sfne N e sa s
e o o Ay o o4y o da i e
guiutlenidaiindensuluninasaniunisanaig
7899 NANaUTaIT N %

2 1 Qa‘/ o o 1 o dl U 1 =

TaUaTd a1 uFunisem el audata ey
Yo dld £ oAl A LN dlda
Juaendsnuneusasdainanein ae gilienunanssy
Twintseandunlifeslddanmin (ow demand patients)
LA dld £ 1 ‘ﬂl LA ‘dld a v
giaeninneredn@ensrasuna gilendsviiuian

1
o a o

nuqdInuNausaddatdnluszasizafan v linaasiu

danuanyin lfang load §agun1nide s aunauses
v | VL =l . . . (55)
ARLAENA (poor meniscal tissue quality)
Wasanninanailadaf denafanadnaaes
n1fnETINTerNeusasdaldnA1uludiuna tnad
TadudAny ldun szazinaifiianis@aneie seau
ANgULIERdlsataLlAeN wazANRALNATaILW
WU (Mazinlie > 5°) unAnNTlAEuawuINIaE

nagmsluniesnenl3Asuaunil (Figure 11)

sInuNausasiaitanunn Ul udIUNAS

Medial meniscus posterior root tear

!

ANNITTLLRUNAU < 3 1hau

!

& o a
BINTITELLTAN > 3 LADU

P 3
AMHLADNIBNTDLLN

Osteoarthritis progression

I

I |

KL grade 0-I KL grade I KL grade llI-IV
| ]
High Demand, Young age Low Demand, Elderly
< | l >
[ |
Gap <5mm Gap >5mm

- nMssnLLUeyine

[ 1
e 0 X Yol Conservative treatment
HIRATANUTNTINUNDUTDITBLLN NITATNUNBUTAITDLUN WU

Meniscus root repair
I

Meniscus reconstruction

o
anngliAIu

T

I -

v 1 dl
o EAVHGIEEKS L GIL R
aTnsiingy

Meniscus root extrusion

Malalignment varus > 5°
"

|

Aal o v ¥ '
PARNNTAANTZANAUILIN WWNN"g Centralization

(High tibial osteotomy)

Fail conservative

] o dl v 1 al
AR IS IG IR

UKA/TKA

Figure 11. uuanslunisineninzsnuuausesdaiinfulugiunaalna s inug.



Vol. 8 No. 1
January - June 2026

7. MsAuNUAINITRIEA
. & v e
v aunneva naeen1sW wy wa 16 A
ABNITUINNIAINITUIALATLIN WUININNITFNEN
daaulun) wuzihldgazaanisiedaululeanididunan
atnatias 4 dlanif doanislditlanvzaaiinsningaian
Manssan g 4 dlansiian Taeludae 2 dlansfian

=< 1 1 =l [~3 dl e = o Y
ANTFFIIN LYINEIEIARTUFNT LFNNUNINTAN BN 19

Lﬂ?:ﬂ\uﬂ?nlﬂuvlmuuwimﬁm (continuous passive motion,
CPM) Wuinaen12ei1sn® wazlu 2 fulafdnld
SaazBulhiadeulalugas 0 - 30° Wetesiunalnaes
femoral rollback LL@Z@M\Q’WL% SR AAINLR N el
gpaMnauTast el A danuTn®” n1seaninanae
L‘ﬁlﬂLﬂ?\juﬁq\iﬂ’]ﬁ‘mgﬂuvmqmﬂ\i‘ﬂ/ﬂ (active range of motion
exercise) ANTEUVEIANN 4 - 6 dLland Qﬂqmmmamﬁm
289U MINT A9 7 e (non-weight bearing)
Vaa 14 N19098 WINT WU adau (toe-touch weight
bearing) ludae 2 dudarfusnuasnisensn ANy
AANNT0LA UN17891 M uULA e ud aell
AuANN AT A N8 6 - 8 &anTTudane
1308NANAINIELLIL isometric Taandnuiie quadriceps
a1017005 1 E SuA Tunsnndesaf e agaelsf Ay
N1308nMN F9N18Lf 8Ll HA LT IUTIULIL active
strengthening AsNNRIan 8 12 dulansiiilugulyl
Tudaadonlug nisnduldvifanssudngduuy
g1 lanelu 4 - 6 Weunaanigensm ©”

a9l

Q
a

Taqiiugioan An19ran11A 1995 NUNBUIDS
Farina1uludaunas lasun1satasanniy iedann

' v
a al KR

Al en i usalsad A3 uuaznsida Baeiesile
lads TnaAud Ayaesanuuausasdaldn Ae
N131 28 FnEILaT 8N NN aUTD T 8L 19T 9T 1
N1TANINATR9IINUNeRTRIT el 1Nl n1TnsEans
LL‘Nmmwmm@wmmmmmmiﬂ ml,ﬂuﬁ@wmﬂm

a

N ‘1,1’11‘1_]’& n19Ln ﬂﬂ]’rJL‘lI’WL’& ANNITUIALR uuunwu‘lu
il

LAY

1918 Lm:mmmmmn@:mﬂugmm Tunsld
o o o L . L s .
F9miszanduialy W nasdeaas 13t uasiiule
TpadiTadendsana YuindanuINIL WATANHITILUG
o S EE da
unuaAiingl nsifiadadound uulmantnia{

Collective review Meniscus injury: 2025 update 83

AN IUATANINA NI iesannanansonansdnene
fismnzranisannnrewneusasdatind 1 wluld i
cleft sign, ghost sign A< medial meniscus extrusion
agelsAnunisadasenandusiesendanisindsedm
A392319N8NNAR BNLATNITE UTUABNITATIANTS
Xa@nen nrssneuuuldenfinenadaeussiniannislan
uazanenisuan i luszesdu agnglsfinny nefnm
wuquLmTﬁ’umwﬁ’ﬂLﬁuimﬁﬂﬁﬂﬂzﬁmﬂmﬁfamm:
fuleniareanisd sudaidnianlusuan Faii
m@sﬁﬂuLLsnmqﬂummm%’mﬂﬂué’ﬂfm‘ﬁ'ﬁmmi
anIalEauNAuteildalindenfeudntesaaduss
Afinnsldasrsunsvana 1l atlaafunnst uaanaes
vuausesdainuazansnInsanudainTien lusnan
UNANE NI NEIR2EATNTan NARNAT UN LM
g1 Ay lUNIIE LT HNITUNLAAINNAUIRIT B L1
atinalsfimny daflpausndudesiinaAneiiumy
efiufulsr@vEnnaeennsnenAanans

LANA9A19D4

1. Allaire R, Muriuki M, Gilbertson L, Harner CD.
Biomechanical consequences of a tear of the
posterior root of the medial meniscus: Similar to total
meniscectomy. J Bone Joint Surg Am 2008;90:
1922-31.

2. Weaver JB. Ossification of the internal cartilage. J
Bone Joint Surg 1935;17:195-8.

3. Pagnani MJ, Cooper DE, Warren RF. Extrusion of the
medial meniscus. Arthroscopy 1991;7:297-300.

4. Padalecki JR, Jansson KS, Smith SD, Dornan GJ,
Pierce CM, Wijdicks CA, et al. Biomechanical
consequences of a complete radial tear adjacent to
the medial meniscus posterior root attachment site:
in situ pull-out repair restores derangement of joint
mechanics: In situ pull-out repair restores
derangement of joint mechanics. Am J Sports Med
2014,;42:699-707.

5. LaPrade RF, Cinque ME, Chahla J, Moatshe G,
Faucett SC, Krych AJ. Meniscal root tears: a silent
epidemic. Br J Sports Med 2018;52:872-6.



84

10.

11.

12.

13.

14.

C. Ruampatana, T. Ittipanichpong

Matheny LM, Ockuly AC, Steadman JR, Laprade RF.
Posterior meniscus root tear: associated pathologies
to assist as diagnosis tools. Knee Surg Sports
Traumatol Arthrosc 2015;23:3127-31.

Han SB, Shetty GM, Lee DH. Unfavorable results of
partial meniscectomy for complete medial meniscus
posterior root tear with early osteoarthritis: a 5- to
8-year follow up study. Arthroscopy 2010;26:
1326-32.

Choi ES, Park SJ. Clinical Evaluation of the root tear
of the posterior horn of the medial meniscus in the
total knee arthroplasty for osteoarthritis. Knee Surg
Relat Res 2015; ;27:90-4.

Jones RS, Keene GC, Learmonth DJ, Bickerstaff D,
Nawana NS, Costi JJ, et al. Direct measurement of
hoop strain in the intact and torn human meniscus.
Clin Biomech 1996;11:295-300.

Johal P, Williams A, Wragg P, Hunt D, Gedroyc W.
Tibio-femoral movementin the living knee. a study of
weight bearing and non-weight bearing knee
kinematics using interventional MRI. J Biomech
2005;38:269-76.

Krych AJ, Johnson NR, Mohan R, Hevesi M, Sturart
MJ, Littrell LA, Collins MS. Arthritis progression on
serial MRIs following diagnosis of medial meniscus
posterior horn root tear. J Knee Surg 2018;31:
698-704.

Krych AJ, Reardon PJ, Johnson NR, Mohan R, Peter
L, Levy BA, et al. Non-operative management of
medial meniscus posterior horn tears is associated
with worsening arthritis and poor clinical outcome at
5-year follow up. Knee Surg Sports Tramatol Arthrsc
2017;25:383-389

Gale DR, Chaisson CE, Totterman SM, Schwartz RK,
Gale ME, Felson D. Meniscal subluxation: association
with osteoarthritis and joint space narrowing.
Osteoarthritis Cartilage 1999;7:526-32.

Kawada K, Yokoyama Y, Okazaki Y, Tamura M, Ozaki
T, Furumatsu T. Medial meniscus posterior root tears

with advanced osteoarthritis or subchondral

15.

16.

17.

18.

19.

20.

21.

22.

J Med Biosci

insufficiency fracture are good indications for
unicompartmental knee arthroplasty at a minimum
2-year follow-up. Arch Orthop Trauma Surg 2024;
145:64.

Faucett SC, Geisler BP, Chahla J, Krych AJ, Kurzweil
PR, Garner AM, et al. Meniscus root repair vs
meniscectomy or nonoperative management to
prevent knee osteoarthritis after medial meniscus root
tears: clinical and economic effectiveness. Am J
Sports Med 2019;47:762-9.

Marzo JM, Gurske-DePerio J. Effects of medial
meniscus posterior horn avulsion and repair on
tibiofemoral contact area and peak contact pressure
with clinical implications. Am J Sports Med
2009;37:124-9.

Kim JG, Lee YS, Bae TS, Ha JK, Lee DH, Kim YJ, et
al. Tibiofemoral contact mechanics following
posterior root of medial meniscus tear, repair,
meniscectomy, and allograft transplantation. Knee
Surg Sports Traumatol Arthrosc 2013;21:2121-5.
Gee SM, Posner M. Meniscus anatomy and basic
science. Sports Med Arthrosc Rev 2021;29:e18-e23.
Mameri ES, Dasari SP, Fortier LM, Verdejo FG, Gursoy
S, Yanke AB, et al. Review of meniscus anatomy and
biomechanics. Curr Rev Musculoskelet Med
2022;15:323-35.

Bhatia S, LaPrade CM, Ellman MB, LaPrade RF.
Meniscal root tears: significance, diagnosis, and
treatment. Am J Sports Med 2014;42:3016-30.

Ra HJ, Ha JK, Jang HS, Kim JG. Traumatic posterior
root tear of the medial meniscus in patients with
severe medial instability of the knee. Knee Surg
Sports Traumatol Arthrosc 2015;23:3121-6.

Bae JH, Paik NH, Park GW, Yoon JR, Chae DJ, Kwon
JH, et al. Predictive value of painful popping for a
posterior root tear of the medial meniscus in middle-
aged to older Asian patients. Arthroscopy 2013;
29:545-9.



Vol. 8 No. 1

January - June 2026

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Hwang BY, Kim SJ, Lee SW, Lee HE, Lee CK, Hunter
DJ, et al. Risk factors for medial meniscus posterior
root tear. Am J Sports Med 2012;40:1606-10.
Kellgren JH, Lawrence JS. Radiological assessment
of osteoarthritis. Ann Rheum Dis 1957;16:494-502.
Choi SH, Bae S, Ji SK, Chang MJ. The MRI findings of
meniscal root tear of the medial meniscus: emphasis
on coronal, sagittal and axial images. Knee Surg
Sports Traumatol Arthrosc 2012;20:2098-03.

Lee YG, Shim JC, Choi YS, Kim JG, Lee GJ, Kim HK.
Magnetic resonance imaging findings of surgically
proven medial meniscus root tear: tear configuration
and associated knee abnormalities. J Comput Assist
Tomogr 2008;32:452-7.

Furumatsu T, Fujii M, Kodama Y, Ozaki T. A giraffe
neck sign of the medial meniscus: A characteristic
finding of the medial meniscus posterior root tear on
magnetic resonance imaging. J Orthop Sci 2017;
22:731-6.

Nakamura R, Okano A, Yoshida I, Shimakawa T. A
spreading roots sign: Characteristic sign of the
preliminary stage of medial meniscus posterior root
tear on magnetic resonance imaging. J Orthop Sci
2022;27:1107-13.

Okazaki Y, Furumatsu T, Kajiki Y, Hiranaka T, Kintaka
K, Kodama'Y, et al. A posterior shiny-corner lesion of
the tibia is observed in the early phase after medial
meniscus posterior root tear. Eur J Orthop Surg
Traumatol 2022;32:301-6.

LaPrade CM, James EW, Cram TR, Feagin JA,
Engebretsen L, LaPrade RF. Meniscal root tears: a
classification system based on tear morphology. Am
J Sports Med. 2015 ;43:363-9.

Bin SI, Jeong TW, Kim SJ, Lee DH. A new
arthroscopic classification of degenerative medial
meniscus root tear that correlates with meniscus
extrusion on magnetic resonance imaging. Knee
2016;23:246-50.

Lim HC, Bae JH, Wang JH, Seok CW, Kim MK. Non-

operative treatment of degenerative posterior root tear

33.

34.

35.

36.

37.

38.

39.

40.

Collective review Meniscus injury: 2025 update 85

of the medial meniscus. Knee Surg Sports Traumatol
Arthrosc 2010 ;18:535-9.

Dragoo JL, Konopka JA, Guzman RA, Segovia N,
Kandil A, Pappas GP. Outcomes of arthroscopic all-
inside repair versus observation in older patients with
meniscus root tears. Am J Sports Med 2020;48:
1127-33.

Wang L, Chen X, Deng Q, You M, Xu 'Y, Liu D, et al.
Effectiveness of a digital rehabilitation program
based on computer vision and augmented reality
for isolated meniscus injury: protocol for a
prospective randomized controlled trial. J Orthop
Surg Res 2023;18:936.

ltthipanichpong T, Moonwong S. Medial meniscus
root tear: current update review. arthroscopy.
IntechOpen;2022. doi: 10.5772/intechopen.98763.
Krych AJ, Johnson NR, Mohan R, Dahm DL, Levy BA,
Stuart MJ. Partial meniscectomy provides no benefit
for symptomatic degenerative medial meniscus
posterior root tears. Knee Surg Sports Traumatol
Arthrosc 2018;26:1117-22.

Rﬁpke EF, Kopf S, Drange S, Becker R, Lohmann
CH, Stdrke C. Biomechanical evaluation of meniscal
root repair: a porcine study. Knee Surg Sports
Traumatol Arthrosc. 2015;23:45-50.

LaPrade RF, Padalecki JR, Jansson K, Smith S,
Dornan G, Pierce C, et al. Biomechanical
consequences of a complete radial tear adjacent
to the medial meniscus posterior root attachment
Orthop J Sports Med 2014;2(1Suppl):
2325967114500004.

Cerminara AJ, LaPrade CM, Smith SD, Ellman MB,

site.

Wijdicks CA, LaPrade RF. Biomechanical evaluation
of a transtibial pull-out meniscal root repair:
challenging the bungee effect. Am J Sports Med
2014;42:2988-95.

LaPrade RF, Matheny LM, Moulton SG, James EW,
Dean CS. Posterior Meniscal Root Repairs: Outcomes
of an anatomic transtibial pull-out technique. Am J
Sports Med 2017;45:884-91.



86

41.

42.

43.

44,

45.

46.

47.

48.

C. Ruampatana, T. Ittipanichpong

Kuptniratsaikul S, Itthipanichpong T, Kuptniratsaikul
V. Arthroscopic Medial Meniscus Root Repair With
Soft Suture Anchor Without Posterior Portal
Technique. Arthrosc Tech 2018;7:€553-6.
Thamrongskulsiri N, Pholkerd P, Limskul D,
Tanpowpong T, Kuptniratsaikul S, Itthipanichpong
T. Clinical and radiographic outcomes of
arthroscopic medial meniscus posterior root repair
using soft suture anchor without posterior portal
technique. Clin Orthop Surg 2024;16:906-16.

Kim JH, Chung JH, Lee DH, Lee YS, Kim JR, Ryu KJ.
Arthroscopic suture anchor repair versus pullout
suture repair in posterior root tear of the medial
meniscus: a prospective comparison study.
Arthroscopy 2011;27:1644-53.

Feucht MJ, Grande E, Brunhuber J, Burgkart R, Imhoff
AB, Braun S. Biomechanical evaluation of different
suture techniques for arthroscopic transtibial pull-
out repair of posterior medial meniscus root tears.
Am J Sports Med 2013;41:2784-90.

Wu SH, Yeh TT, Hsu WC, Wu ATH, Li G, Chen CH, et
al. Biomechanical comparison of four tibial fixation
techniques for meniscal root sutures in posterior
medial meniscus root repair: a porcine study. J
Orthop Translat. 2020;24:144-9.

Perry AK, Lavoie-Gagne O, Knapik DM, Maheshwer
B, Hodakowski A, Gursoy S, et al. Examining the
efficacy of medial meniscus posterior root repair:
a meta-analysis and systematic review of
biomechanical and clinical outcomes. Am J Sports
Med 2023;51:1914-26.

Itthipanichpong T, Choentrakool C, Limskul D,
Thamrongskulsiri N, Tanpowpong T, Virulsri C, et al.
Suture anchor and transtibial pullout refixation of the
posterior medial meniscus root tears restore
tibiofemoral contact pressure and area to intact
meniscus levels. Knee Surg Sports Traumatol
Arthrosc 2025;33:2078-85.

Okazaki Y, Furumatsu T, Miyazawa S, Masuda S,
Okazaki Y, Hiranaka T, et al. A novel suture technique

to reduce the meniscus extrusion in the pullout repair

49.

50.

51.

52.

53.

54.

55.

56.

57.

J Med Biosci

for medial meniscus posterior root tears. Eur J Orthop

Surg Traumatol 2019;29:1805-9.

Koga H, Watanabe T, Horie M, Katagiri H, Otabe K,
Ohara T, etal. Augmentation of the pullout repair of a
medial meniscus posterior root tear by arthroscopic
centralization. Arthrosc Tech 2017;6:e1335-9.
OzekiN, Muneta T, Kawabata K, Koga H, Nakagawa
Y, Saito R, et al. Centralization of extruded medial
meniscus delays cartilage degeneration in rats. J
Orthop Sci 2017;22:542-8.

Jiang EX, Abouljoud MM, Everhart JS, DiBartola AC,

Kaeding CC, Magnussen RA, et al. Clinical factors
associated with successful meniscal root repairs: a
systematic review. Knee 2019;26:285-91.

Ishikawa H, Okamura H, Ohno T, Fujita S, Akezuma
H, Inagaki K. Arthroscopic medial meniscus posterior
root reconstruction and pull-out repair combined
technique for root tear of medial meniscus. Arthrosc
Tech 2022;11:2109-14.

Holmes SW Jr, Huff LW, Barnes AJ, Baier AJ.
Anatomic reinforced medial meniscal root
reconstruction with gracilis autograft. Arthrosc Tech
2019;8:€209-13.

Feucht MJ, Klhle J, Bode G, Mehl J, Schmal H,
SUdkamp NP, et al. Arthroscopic transtibial pullout
repair for posterior medial meniscus root tears: a
systematic review of clinical, radiographic, and
second-look arthroscopic results. Arthroscopy
2015;31:1808-16.

Hiranaka T, Furumatsu T, Okazaki Y, Tanaka T,
Ozawa M, Masuda K, et al. Postoperative clinical
outcomes of unicompartmental knee arthroplasty in
patients with isolated medial compartmental
osteoarthritis following medial meniscus posterior
root tear. Asia Pac J Sports Med Arthrosc Rehabil
Technol 2021;26:15-20.

Vyas D, Harner CD. Meniscus root repair. Sports Med
Arthosc Rev 2012;20:86-94.

Papalia R, Vasta S, Franceschi F, D’Adamio S,
Maffulli N, Denaro V. Meniscal root tear: from basic
science to ultimate surgery. Br Med Bull 2013;
106:91-115.



