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Abstract

Meniscal extrusion, a common condition of the knee joint, is typically diagnosed through MRI and
TEEH .
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is closely associated with knee pain, functional impairment, and degenerative changes, severely
affecting the quality of life of patients. The primary functions of the meniscus include dispersing
joint forces, providing stability, promoting lubrication, and protecting cartilage. When meniscal
extrusion occurs, these functions are compromised, leading to pain and limited mobility. Meniscal
extrusion is related to external injuries, degenerative changes, and tears at the meniscal root,
which together deteriorate the structure and function of the meniscus. Treatment strategies for
meniscal extrusion include non-surgical options such as physical therapy, medication, and life-
style adjustments, as well as surgical interventions like partial meniscectomy and meniscal root
repair. Despite some progress, there is still a lack of understanding of the pathological mechan-
isms behind meniscal extrusion, and effective prevention and fundamental treatment methods are
missing. This review analyzes the latest research findings to explore the mechanisms, impacts, and
new perspectives on the treatment of meniscal extrusion, aiming to provide more effective diag-
nostic and therapeutic strategies for clinical practice. Future research needs to delve deeper into
the molecular mechanisms of meniscal damage and repair, develop new treatment strategies, and
utilize new technologies to improve the accuracy and personalization of treatments, thereby en-
hancing knee joint function and quality of life for patients.
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P EIHLANZE . O 1 RO ek, BRCERE SRR BN (R EIRIT I, B L) frfF DA
W, ERIPE R R, JFIRE R BB R R

7. RRRESRKTSE

SRR AR R IT NERUS T RE R, (B IRIT RS AE — € R BRIE, AR
WHAL T 25 B RX L 3, FRHRREARBUNIGIT 7. WAh, BEEFHORIIKRE, AKIGIT AR
HH Y SENE A B TN 2 AR A AL

1) BARTTINERRIRS R 58517

MHT, P ARRERGT T EEARFEET RGBT . FAVIBRAMEES. X075 BIRME—E
FERE RREUS L MAEIR, (BAAAAE R RIE. Blan, JEFRIGIT A Re ok e W B ThRE, 1 FARIRIT
DU AT g R KA ) ST B L UK . & Achtnich A, Petersen W, Willinger L %:(2018) [43]Fr#EH, KKH
WAL TR AR R A SRR YT T8, DASILE H AR D 6 ) 5 R BE T R OG5 e I K I 4. Lee
DH, Lee BS, Kim JM %§(2011) [45]fAH FE a7 1 2 H AR HI XTI OG5 (i R R s, R WK RA 5 75
I L2 e 2 AR 5 I OGB4 i 5 . Novaretti JV, Astur DC, Cavalcante ELB %5(2020) [46](1) 1.
PEMIFE 17 %2 AR HLE RN R 7oK, DA T 1 — PR R R HTIR TT SR (1078 7 -

BeAh, o A AR IR NSRRI B AR o ARl AR 78 2 B AR TR TE 2 H R HE (9 AR 7 5 i A

DOI: 10.12677/acm.2024.1441235 1857 I IR 2= =23t e


https://doi.org/10.12677/acm.2024.1441235

KAE %

BIT TR L, TN T A B SRR T RO R . AR BRI TR B AR 2 AR A 52 )
4> FHLH, 40 Teichtahl AJ, Cicuttini FM, Abram F 25(2017) [16]FT@ 1, X 1 RENFF A B AT SRS HE
e in S .

2) FrECRFNGTT SR 17 1

BEE R IE, BrEORFIR T N AR RT3t TR A . TRARE, B, skomss
(2015) [1O1HIBIF FEAR S 1 N FH A S TARBORAE 2 A B 7 71, XA HARA B SIS 452 AR 2L
HE . Geeslin AG, Civitarese D, Turnbull TL £5(2016) [44]FIHF 780 JE 7S T ek BAR BR7E 2 A B it ie
WiFnya T AR R, $R e TVRIT RS BT AN, AR EM R GIFT, Gieh Zhu S, Tong G, Xiang
JP Z5(2021) [471WF T AL EE MR, DR AR B E R AR 4R 4 T i wT e k.

A UELE YT AN VR I SRS R AR SO B BT o) o IR N B 8 BB S 5 AR
PAS R SGTT B HARBI I O, W] LA REAT B i ] SE MG HER VR YT 77 360 BTN HISAR BOR AT S0 L 4 Bl
Wit/ & (CADICAM) A, 1 Geeslin AG, Civitarese D, Turnbull TL %5(2016) [44]Fi&, 3 EFAM
RIS RAFEEAER, SR TR 22 4.

8. &g

ARG AE NI ST R WA, o R A I P RS . TR MBI FURE S i 1 BA T
FORHENLE] . WA RIS . R EFARMP ARG T IRERIUERGEA, O e )R
BRAE, 9 7 4ERPIR T I IME B B . ARORAGHIT TR SRR A B A AR5 1) 70 L . R R
WHNAITHEAR, CLERBAMEAIGIT 7%, BRI R DD R iR R A RS A T B KA g - Bl
FHHARNETT ITIER R, Ay HBCR R R S RO 5, e A B R T

SE K

[1] Crema, M.D., Roemer, F.W., Felson, D.T., et al. (2012) Factors Associated with Meniscal Extrusion in Knees with or
at Risk for Osteoarthritis: The Multicenter Osteoarthritis Study. Radiology, 264, 494-503.
https://doi.org/10.1148/radiol.12110986

[2] Masuda, S., Furumatsu, T., Okazaki, Y., et al. (2018) Medial Meniscus Posterior Root Tear Induces Pathological Post-
erior Extrusion of the Meniscus in the Knee-Flexed Position: An Open Magnetic Resonance Imaging Analysis. Ortho-
paedics & Traumatology: Surgery & Research, 104, 485-489. https://doi.org/10.1016/j.0tsr.2018.02.012

[3] Paparo, F., Revelli, M., Piccazzo, R., et al. (2015) Extrusion of the Medial Meniscus in Knee Osteoarthritis Assessed
with a Rotating Clino-Orthostatic Permanent-Magnet MRI Scanner. Radiologia Medica, 120, 329-337.
https://doi.org/10.1007/s11547-014-0444-6

[4] ¥3Efl, R, A, & AN RINR S A R0 LB B AR SGPERT FT ). AR R, 2016,
36(3): 156-161.
[5] Yoshizuka, H., Taniguchi, T., Fukuta, K., et al. (2022) Decrease in Medial Meniscal Extrusion after Physical Therapy

to Improve Knee Pain and Range of Motion in Patients with Knee Osteoarthritis: A Retrospective Study. PLOS ONE,
17, E0277628. https://doi.org/10.1371/journal.pone.0277628

[6] Kocher, M.S., Logan, C.A. and Kramer, D.E. (2017) Discoid Lateral Meniscus in Children: Diagnosis, Management,
and Outcomes. The Journal of the American Academy of Orthopaedic Surgeons, 25, 736-743.
https://doi.org/10.5435/JAAQS-D-15-00491

[7] Atay, O.A., Pekmezci, M., Doral, M.N., et al. (2007) Discoid Meniscus: An Ultrastructural Study with Transmission
Electron Microscopy. The American Journal of Sports Medicine, 35, 475-478.
https://doi.org/10.1177/0363546506294678

[8] Marzo, J.M. and Gurske-Deperio, J. (2009) Effects of Medial Meniscus Posterior Horn Avulsion and Repair on Tibi-
ofemoral Contact Area and Peak Contact Pressure with Clinical Implications. The American Journal of Sports Medi-
cine, 37, 124-129. https://doi.org/10.1177/0363546508323254

[9] Padalecki, J.R., Jansson, K.S., Smith, S.D., et al. (2014) Biomechanical Consequences of a Complete Radial Tear Ad-
jacent to the Medial Meniscus Posterior Root Attachment Site. The American Journal of Sports Medicine, 42, 699-707.

DOI: 10.12677/acm.2024.1441235 1858 Il R 2% 27 3k e


https://doi.org/10.12677/acm.2024.1441235
https://doi.org/10.1148/radiol.12110986
https://doi.org/10.1016/j.otsr.2018.02.012
https://doi.org/10.1007/s11547-014-0444-6
https://doi.org/10.1371/journal.pone.0277628
https://doi.org/10.5435/JAAOS-D-15-00491
https://doi.org/10.1177/0363546506294678
https://doi.org/10.1177/0363546508323254

KA %

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

https://doi.org/10.1177/0363546513499314

TR, HUE, TR, S H R E W SMI A H AR S 5R R 5 m —— B A e R D). R EIE B R
Jk ., 2015, 34(6): 544-547.

Allaire, R., Muriuki, M., Gilbertson, L., et al. (2008) Biomechanical Consequences of a Tear of the Posterior Root of
the Medial Meniscus. Similar to Total Meniscectomy. The Journal of Bone and Joint Surgery-American Volume, 90,
1922-1931. https://doi.org/10.2106/JBJS.G.00748

Bin, S.I., Kim, J.M. and Shin, S.J. (2004) Radial Tears of the Posterior Horn of the Medial Meniscus. Arthroscopy: The
Journal of Arthroscopic & Related Surgery: Official Publication of the Arthroscopy Association of North America and
the International Arthroscopy Association, 20, 373-378. https://doi.org/10.1016/j.arthro.2004.01.004

Choi, S.-H., Bae, S., Ji, S.K,, et al. (2012) The MRI Findings of Meniscal Root Tear of the Medial Meniscus: Emphasis
on Coronal, Sagittal and Axial Images. Knee Surgery, Sports Traumatology, Arthroscopy, 20, 2098-2103.
https://doi.org/10.1007/s00167-011-1794-4

Bhatia, S., Civitarese, D.M., Turnbul, T.L., et al. (2016) A Novel Repair Method for Radial Tears of the Medial Me-
niscus: Biomechanical Comparison of Transtibial 2-Tunnel and Double Horizontal Mattress Suture Techniques under
Cyclic Loading. The American Journal of Sports Medicine, 44, 639-645. https://doi.org/10.1177/0363546515615565

Li, Z.L., Li, X.T., Hao, R.C,, et al. (2023) Human Osteoarthritic Articular Cartilage Stem Cells Suppress Osteoclasts
and Improve Subchondral Bone Remodeling in Experimental Knee Osteoarthritis Partially by Releasing TNFAIP3.
Stem Cell Research & Therapy, 14, 253. https://doi.org/10.1186/s13287-023-03411-7

Teichtahl, A.J., Cicuttini, F.M., Abram, F., et al. (2017) Meniscal Extrusion and Bone Marrow Lesions Are Associated
with Incident and Progressive Knee Osteoarthritis. Osteoarthritis Cartilage, 25, 1076-1083.
https://doi.org/10.1016/j.joca.2017.02.792

Swamy, N., Wadhwa, V., Bajaj, G., et al. (2018) Medial Meniscal Extrusion: Detection, Evaluation and Clinical Im-
plications. European Journal of Radiology, 102, 115-124. https://doi.org/10.1016/j.ejrad.2018.03.007

Funchal, L.F.Z., Astur, D.C., Ortiz, R., et al. (2019) The Presence of the Arthroscopic “Floating Meniscus” Sign as an
Indicator for Surgical Intervention in Patients with Combined Anterior Cruciate Ligament and Grade 11 Medial Colla-
teral Ligament Injury. Arthroscopy: The Journal of Arthroscopic & Related Surgery: Official Publication of the Arth-
roscopy Association of North America and the International Arthroscopy Association, 35, 930-937.
https://doi.org/10.1016/j.arthro.2018.10.114

Bernard, C.D., Leland, D.P., Keyt, L.K,, et al. (2021) Although Surgical Techniques Differ, Similar Outcomes Can Be
Obtained When Operating after Single versus Multiple Anterior Shoulder Dislocations. Arthroscopy, Sports Medicine,
and Rehabilitation, 3, E163-E70. https://doi.org/10.1016/j.asmr.2020.09.006

Paletta, G.A., Crane, D.M., Konicek, J., et al. (2020) Surgical Treatment of Meniscal Extrusion: A Biomechanical
Study on the Role of the Medial Meniscotibial Ligaments with Early Clinical Validation. Orthopaedic Journal of Sports
Medicine, 8. https://doi.org/10.1177/2325967120936672

Kohn, D. and Moreno, B. (1995) Meniscus Insertion Anatomy as a Basis for Meniscus Replacement: A Morphological
Cadaveric Study. Arthroscopy: The Journal of Arthroscopic & Related Surgery: Official Publication of the Arthrosco-
py Association of North America and the International Arthroscopy Association, 11, 96-103.
https://doi.org/10.1016/0749-8063(95)90095-0

Nawata, K., Teshima, R., Ohno, M., et al. (1999) Discoid Lateral Menisci in Older Patients. A Radiographic Study of
21 Cases. International Orthopaedics, 23, 232-235. https://doi.org/10.1007/s002640050358

Lim, H.C., Bae, J.H. and Kim, S.J. (2013) Postoperative Femoral Component Rotation and Femoral Anteversion after
Total Knee Arthroplasty in Patients with Distal Femoral Deformity. The Journal of Arthroplasty, 28, 1084-1088.
https://doi.org/10.1016/j.arth.2012.07.018

Bruns, K., Svensson, F., Turkiewicz, A., et al. (2014) Meniscus Body Position and Its Change over Four Years in
Asymptomatic Adults: A Cohort Study Using Data from the Osteoarthritis Initiative (OAI). BMC Musculoskeletal
Disorders, 15, Article No. 32. https://doi.org/10.1186/1471-2474-15-32

Willinger, L., Lang, J.J., Von Deimling, C., et al. (2019) Varus Alignment Increases Medial Meniscus Extrusion and
Peak Contact Pressure: A Biomechanical Study. Knee Surgery, Sports Traumatology, Arthroscopy, 28, 1092-1098.
https://doi.org/10.1007/s00167-019-05701-1

Emmanuel, K., Quinn, E., Niu, J., et al. (2016) Quantitative Measures of Meniscus Extrusion Predict Incident Radio-
graphic Knee Osteoarthritis—Data from the Osteoarthritis Initiative. Osteoarthritis Cartilage, 24, 262-269.
https://doi.org/10.1016/j.joca.2015.08.003

Hayashi, D., Englund, M., Roemer, F.W., et al. (2012) Knee Malalignment Is Associated with an Increased Risk for
Incident and Enlarging Bone Marrow Lesions in the More Loaded Compartments: The MOST Study. Osteoarthritis
Cartilage, 20, 1227-1233. https://doi.org/10.1016/j.joca.2012.07.020

DOI: 10.12677/acm.2024.1441235 1859 Il R 2% 27 3k e


https://doi.org/10.12677/acm.2024.1441235
https://doi.org/10.1177/0363546513499314
https://doi.org/10.2106/JBJS.G.00748
https://doi.org/10.1016/j.arthro.2004.01.004
https://doi.org/10.1007/s00167-011-1794-4
https://doi.org/10.1177/0363546515615565
https://doi.org/10.1186/s13287-023-03411-7
https://doi.org/10.1016/j.joca.2017.02.792
https://doi.org/10.1016/j.ejrad.2018.03.007
https://doi.org/10.1016/j.arthro.2018.10.114
https://doi.org/10.1016/j.asmr.2020.09.006
https://doi.org/10.1177/2325967120936672
https://doi.org/10.1016/0749-8063(95)90095-0
https://doi.org/10.1007/s002640050358
https://doi.org/10.1016/j.arth.2012.07.018
https://doi.org/10.1186/1471-2474-15-32
https://doi.org/10.1007/s00167-019-05701-1
https://doi.org/10.1016/j.joca.2015.08.003
https://doi.org/10.1016/j.joca.2012.07.020

KAE %

(28]

[29]
[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

(38]
[39]
[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

Shelbourne, K.D., Roberson, T.A. and Gray, T. (2011) Long-Term Evaluation of Posterior Lateral Meniscus Root Tears
Left in Situ at the Time of Anterior Cruciate Ligament Reconstruction. The American Journal of Sports Medicine, 39,
1439-1443. https://doi.org/10.1177/0363546511398212

Lerer, D.B., Umans, H.R., Hu, M.X, et al. (2004) The Role of Meniscal Root Pathology and Radial Meniscal Tear in
Medial Meniscal Extrusion. Skeletal Radiology, 33, 569-574. https://doi.org/10.1007/s00256-004-0761-2

Jones, A., Houang, M., Low, R., et al. (2006) Medial Meniscus Posterior Root Attachment Injury and Degeneration:
MRI Findings. Australasian Radiology, 50, 306-313. https://doi.org/10.1111/j.1440-1673.2006.01586.x

Wang, Y.-X., Li, Z.-L., Li, J., et al. (2019) Effect of Medial Meniscus Extrusion on Arthroscopic Surgery Outcome in
the Osteoarthritic Knee Associated with Medial Meniscus Tear: A Minimum 4-Year Follow-Up. Chinese Medical
Journal (England), 132, 2550-2558. https://doi.org/10.1097/CM9.0000000000000492

Kamatsuki, Y., Furumatsu, T., Fujii, M., et al. (2018) Complete Tear of the Lateral Meniscus Posterior Root Is Asso-
ciated with Meniscal Extrusion in Anterior Cruciate Ligament Deficient Knees. Journal of Orthopaedic Research, 36,
1894-1900. https://doi.org/10.1002/jor.23861

Carreau, J.H., Sitton, S.E. and Bollier, M. (2017) Medial Meniscus Root Tear in the Middle Aged Patient: A Case Based
Review. lowa Orthopedic Journal, 37, 123-132.

Ha, J.K., Shim, J.C., Kim, D.W., et al. (2010) Relationship between Meniscal Extrusion and Various Clinical Findings
after Meniscus Allograft Transplantation. The American Journal of Sports Medicine, 38, 2448-2455.
https://doi.org/10.1177/0363546510375550

Bhatia, S., Laprade, C.M., Ellman, M.B., et al. (2014) Meniscal Root Tears: Significance, Diagnosis, and Treatment.
The American Journal of Sports Medicine, 42, 3016-3030. https://doi.org/10.1177/0363546514524162

Eren, M.B., Asc1, M., Tonik, E., et al. (2020) Knotless Anchors Offer Better Prevention of Meniscal Excursion than
Knotted Anchors: An Experimental Study of the Bovine Knee. Acta Orthopaedica et Traumatologica Turcica, 54, 97-103.
https://doi.org/10.5152/j.a0tt.2020.01.439

Laprade, R.F., Laprade, C.M., Ellman, M.B., et al. (2015) Cyclic Displacement after Meniscal Root Repair Fixation: A
Human Biomechanical Evaluation. The American Journal of Sports Medicine, 43, 892-898.
https://doi.org/10.1177/0363546514562554

Pache, S., Aman, Z.S., Kennedy, M., et al. (2018) Meniscal Root Tears: Current Concepts Review. The Archives of
Bone and Joint Surgery, 6, 250-259.

Doherty, D.B. and Lowe, W.R. (2016) Meniscal Root Tears: Identification and Repair. American Journal of Ortho-
pedics (Belle Mead NJ), 45, 183-187.

Walker, P.S. and Erkman, M.J. (1975) The Role of the Menisci in Force Transmission Across the Knee. Clinical Or-
thopaedics and Related Research, 109, 184-192. https://doi.org/10.1097/00003086-197506000-00027

Zantop, T., Wellmann, M., Fu, F.H., et al. (2008) Tunnel Positioning of Anteromedial and Posterolateral Bundles in
Anatomic Anterior Cruciate Ligament Reconstruction: Anatomic and Radiographic Findings. The American Journal of
Sports Medicine, 36, 65-72. https://doi.org/10.1177/0363546507308361

Magee, T. (2008) MR Findings of Meniscal Extrusion Correlated with Arthroscopy. Journal of Magnetic Resonance
Imaging: JMRI, 28, 466-470. https://doi.org/10.1002/jmri.21460

Achtnich, A., Petersen, W., Willinger, L., et al. (2018) Medial Meniscus Extrusion Increases with Age and BMI and Is
Depending on Different Loading Conditions. Knee Surgery, Sports Traumatology, Arthroscopy: Official Journal of the
ESSKA, 26, 2282-2288. https://doi.org/10.1007/s00167-018-4885-7

Geeslin, A.G., Civitarese, D., Turnbull, T.L., et al. (2016) Influence of Lateral Meniscal Posterior Root Avulsions and
the Meniscofemoral Ligaments on Tibiofemoral Contact Mechanics. Knee Surgery, Sports Traumatology, Arthroscopy:
Official Journal of the ESSKA, 24, 1469-1477. https://doi.org/10.1007/s00167-015-3742-1

Lee, D.H., Lee, B.S., Kim, J.M., et al. (2011) Predictors of Degenerative Medial Meniscus Extrusion: Radial Compo-
nent and Knee Osteoarthritis. Knee Surgery, Sports Traumatology, Arthroscopy: Official Journal of the ESSKA, 19,
222-229. https://doi.org/10.1007/s00167-010-1274-2

Astur, D.C., Novaretti, J.V., Gomes, M.L., et al. (2020) Medial Opening Wedge High Tibial Osteotomy Decreases
Medial Meniscal Extrusion and Improves Clinical Outcomes and Return to Activity. Orthopaedic Journal of Sports
Medicine, 8. https://doi.org/10.1177/2325967120913531

Zhu, S., Tong, G., Xiang, J.P., et al. (2021) Microstructure Analysis and Reconstruction of a Meniscus. Orthopaedic
Surgery, 13, 306-313. https://doi.org/10.1111/0s.12899

DOI: 10.12677/acm.2024.1441235 1860 Il R 2% 27 3k e


https://doi.org/10.12677/acm.2024.1441235
https://doi.org/10.1177/0363546511398212
https://doi.org/10.1007/s00256-004-0761-2
https://doi.org/10.1111/j.1440-1673.2006.01586.x
https://doi.org/10.1097/CM9.0000000000000492
https://doi.org/10.1002/jor.23861
https://doi.org/10.1177/0363546510375550
https://doi.org/10.1177/0363546514524162
https://doi.org/10.5152/j.aott.2020.01.439
https://doi.org/10.1177/0363546514562554
https://doi.org/10.1097/00003086-197506000-00027
https://doi.org/10.1177/0363546507308361
https://doi.org/10.1002/jmri.21460
https://doi.org/10.1007/s00167-018-4885-7
https://doi.org/10.1007/s00167-015-3742-1
https://doi.org/10.1007/s00167-010-1274-2
https://doi.org/10.1177/2325967120913531
https://doi.org/10.1111/os.12899

	半月板突出的病理机制、诊断与治疗进展
	摘  要
	关键词
	Pathological Mechanisms, Diagnosis, and Treatment Advances of Meniscal Extrusion
	Abstract
	Keywords
	1. 引言
	2. 半月板的结构和功能基础
	3. 半月板突出的机制
	3.1. 半月板损伤的类型与机制
	3.2. 根部撕裂与半月板退变的影响
	3.3. 半月板附着韧带的作用与缺陷
	3.4. 外侧盘状半月板对内侧半月板外突的影响

	4. 半月板突出的影响
	4.1. 对膝关节功能的影响
	4.2. 与膝骨关节炎的关联

	5. 半月板突出的诊断
	影像学评估的作用与挑战

	6. 半月板突出的治疗新视角
	6.1. 非手术治疗方法
	6.2. 手术治疗选项
	6.3. 术后管理与康复

	7. 研究展望与未来方向
	8. 结论
	参考文献

