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Biomechanical Assessment and Clinical OQutcomes in Meniscal Root
Tears Management
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Learning Point of the Article:

Understanding the biomechanical implications of meniscal root tears is essential for guiding timely and effective management.

Introduction: Meniscal root tears (MRTs) disrupt knee biomechanics, leading to meniscal extrusion, joint instability, and osteoarthritis
progression. Theyare classified as degenerative or traumatic, with varying etiologies and clinical implications.

Objectives: The objectives were to evaluate the etiology, biomechanics, management strategies, and outcomes of MRT5, focusing on the
effectiveness of surgical repair in preserving knee function and delaying osteoarthritis.

Materials and Method: A review of recent literature was conducted, analyzing key aspects of MRTs, including pathogenesis, biomechanical
consequences, management approaches, and patient outcomes. Studies assessing surgical techniques, non-operative treatment, and partial
meniscectomy were included in the study.

Result: Degenerative MRTs were common in older, obese individuals with varus alignment, whereas traumatic MRTs occurred in younger
patients with concomitant injuries. Surgical repair demonstrated favorable short-term outcomes, including reduced extrusion and improved
clinical scores, but challenges such as persistent extrusion and long-term cartilage damage persisted. Non-operative treatment and partial
meniscectomy offered limited benefits, with higher risks of osteoarthritis progression.

Conclusion: MRTs significantly impact knee joint health, requiring timely diagnosis and individualized management. Surgical repair remains
the gold standard, restoring knee kinematics and delaying osteoarthritis, although long-term outcomes need further optimization. Personalized
treatment strategies based on patient-specific factors are essential forimproved care.
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Introduction osteoarthritis and joint dysfunction. Arthroscopic repair,
Medial meniscus posterior root tears (MMPRTS) are severe particularly utilizing transtibial pullout techniques, has emerged
injuries that compromise knee biomechanical stability, resulting S the standard treatment to restore meniscal function and
in a loss of hoop tension and accelerated joint degeneration, Mitigate long-term complications, with studies demonstrating
comparable to total meniscectomy. These injuries are Superior clinical and radiological outcomes compared to non-
increasingly recognized as significant contributors to early Operative approaches or partial meniscectomy [1,2]. Posterior
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Figure 1: Medial meniscus posterior root tears -
suture passing device.

Confirmed by probing.

medial meniscus root tears are now widely acknowledged for
their potential to induce progressive arthritis if left untreated
[3]. Damage proximal to the root attachment significantly alters
tibiofemoral contact mechanics, leading to the rapid
progression of osteoarthritis [4]. By impairing hoop tension,
MMPRTs compromise the meniscus’s capacity to transmit
loads, simulating the biomechanical effects of a total
meniscectomy [S]. Recent studies emphasize the efficacy of
arthroscopic repair in maintaining meniscal integrity and
reducing extrusion, which s crucial for properload distribution
in the joint [6]. Advancements such as suture anchor
techniques offer enhanced fixation strength and less invasive
procedures [7]. However, outcomes remain variable,
underscoring the necessity for further research to compare
techniques and identify factors influencing successful repairs
[8]. The prevalence of posterior medial meniscus root tears has
been reported to range from 10.1% to 21.4% in patients
undergoing meniscal repair or meniscectomy and 3.6% of all

Figure 2: Two relay sutures are passed with a

Figure 3: Tunnel is drilled at the anatomic
footprint.

meniscal tears [9]. This review examines the biomechanical
basis, surgical methods, and outcomes of arthroscopic
MMPRT repair, providing recommendations to enhance
patient care and promote knee health.

Objectives

The objective of the study is to evaluate the outcomes of
arthroscopic fixation in patients with MMPRT.

Materials and Methods

The study was conducted in a tertiary care setting, where
patients presenting with symptomatic MMPRT were selected
for surgical intervention. The diagnosis of MMPRT was
confirmed through clinical suspicion followed by magnetic
resonance imaging (MRI) [10]. Only patients with confirmed
MMPRT on MRI and those who failed non-operative
management were included in the study.

Figure 4: Scope view showing fiber wire and relay
suture through the tunnel.

Figure §: Outside view.

Figure 6: Final fixation - root well attached at the
anatomic footprint.

Journal of Orthopaedic Case Reports | Volume 15 | Issue 7 | July 2025 | Page 306-311



Singh MP, etal

www.jocr.co.in

. Post-
Pre-operative .
Outcome measure (Mean#sD) operative P-value
- (MeanzSD)
KOOS pain score 42.5+6.2 84.315.9 <0.001*
VAS pain score 7.8+1.1 1.9+0.8 <0.001*
Meniscal extrusion
.510. .240. <0.001*
(IMRI] mm) 3.5+0.8 1.2+0.6 0.001
KOOS: Knee injury and osteoarthritis outcome score, VAS: Visual
Analog Scale, MRI: Magnetic resonance imaging, SD: Standard
deviation. *Statistically significant

Figure 7: Probing done to confirm the stability.

Patientselection

Patients aged 18-65 years with symptomatic MMPRTs
confirmed by MRI were included. Inclusion criteria consisted
of patients with minimal osteoarthritis (Outerbridge grade
0-2), no significant concomitant knee injuries, and failure of
conservative treatment for at least 3 months. Exclusion criteria
were patients with severe osteoarthritis (Outerbridge grade 3 or
4), prior knee surgeries, or contraindications to surgery [ 10].

Surgical technique

The procedure was performed under general or spinal
anesthesia with the patient in a supine position. Standard
arthroscopic portals were created to provide adequate
visualization and access to the knee joint. Diagnostic
arthroscopy was initially performed to assess the tear pattern
and address any other knee pathologies, such as cartilage
damage or associated ligament injuries. The MMPRT was
confirmed through probing (Fig. 1), with the tear identified at
the meniscus root attachment. Two relay sutures were passed
using a suture-passing device (Fig. 2) to facilitate the repair of
the root tear. A tunnel was drilled at the anatomical footprint of
the posterior meniscus root, which was carefully identified
during the arthroscopic procedure (Fig. 3) [11]. For fixation,
the tunnel was made at the anatomical footprint, and the
meniscus root was reattached using the fiber wire. Other
concomitant meniscal tears were also addressed and fixed using
appropriate fixation techniques. The final fixation was
confirmed by probing (Fig. 4) to ensure that the root was
securely attached to its anatomic footprint. The stability of the
fixation was further validated through repeated probing (Fig. S-

Table 1: Functional and radiological outcomes before and after arthroscopic fixation in

patients with medial meniscus posterior root tears.

7), confirming that the repair was stable and well-positioned
[12].
Postoperative care and rehabilitation

Postoperative care involved a structured rehabilitation
protocol. The patient was initially kept non-weight-bearing for
the first 4 weeks. Partial weight-bearing was allowed after 4
weeks, and full weight-bearing was permitted after 8 weeks,
depending on clinical and radiological evaluation. Range-of-
motion exercises, strengthening, and proprioceptive training
began at4 weeks post-surgery.

Outcome measures

The primary outcomes included meniscal extrusion, which was
measured using 3D MRI preoperatively and at 3 months post-
surgery, and functional outcomes assessed through the knee
injury and osteoarthritis outcome score (KOOS) and Visual
Analog Scale (VAS) for pain. Secondary outcomes included
complications such as infection, re-tear, and hardware failure,
along with the ability to return to pre-injury activitylevels.

Statistical analysis

Data were analyzed using Statistical Packages for the Social
Sciences version 25. Descriptive statistics were applied, and
paired t-tests or Wilcoxon signed-rank tests were used to
compare preoperative and postoperative outcomes. A P < 0.05
was considered statistically significant.

Results
Fifty patients with MMPRTs confirmed by MRI and clinical
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examination underwent arthroscopic fixation. The mean age
was 46 £ 8 years, with 64% being male. All patients reported
significant pre-operative knee pain, instability, and functional
limitations. The average follow-up duration was 12 months.

Radiological findings

MRI findings revealed a mean pre-operative meniscal extrusion
0f 3.5+ 0.8 mm, whichssignificantly decreased to 1.2 £ 0.6 mmat
3 months postoperatively (P < 0.001). Postoperative imaging
confirmed successful reattachment of the root at the anatomical
footprint (Table 1).

Functional outcomes

KOOS improved significantly in all subdomains, particularly
for pain and daily activities. The mean KOOS pain score
increased from 42.5 + 6.2 preoperatively to 84.3 £ 5.9 at the final
follow-up (P < 0.001). Pain, measured by the VAS, decreased
from7.8 £ 1.1to 1.9+ 0.8 postoperatively (P <0.001) (Table 1).

Stability and return to activity

Intraoperative probing confirmed stable fixation in all cases. At
6 months, 90% of patients returned to their pre-injury activity
levels, whereas 10% required extended rehabilitation. No cases
ofre-tears were observed during the follow-up period.

Complications

Minor complications occurred in 8% of patients, including
transient knee effusion and superficial portal site infections in
4%, both of which were treated conservatively. There were no
deepinfections, hardware failures, or neurovascular injuries.

Discussion

MMPRTs represent a significant pathology with profound
biomechanical, clinical, and functional implications. Recent
studies have extensively evaluated the anatomy, biomechanics,
etiology, diagnosis, treatment, and rehabilitation associated
with MMPRTs, yielding important insights into its
management and outcomes. MMPRTSs result in loss of hoop
stress, creating a meniscal-deficient knee state that contributes
tojointinstability and accelerated cartilage degeneration.

Moon et al. emphasized the detrimental biomechanical effects
of untreated MMPRTS, particularly their association with
increased meniscal extrusion and osteoarthritis progression
[13]. Similarly, Takase et al. highlighted that while transtibial
pullout repair reduces extrusion in flexion positions, it fails to
sustain long-term extrusion reduction in extension positions,

correlating with ongoing cartilage damage [ 14].

The etiology of MMPRTS varies significantly compared to
lateral meniscus root tears (LMRTs). Karpinski et al.
demonstrated that MMPRTS are predominantly degenerative,
often linked with varus alignment, older age, and higher body
mass index (BMI), whereas LMRTs are more commonly
traumatic and associated with anterior cruciate ligament
injuries [15]. Kodama et al. supported these findings,
identifying dynamic medial meniscus extrusion during flexion
as a key factor in cartilage degeneration among older patients
with MMPRTs [16]. In contrast, Mundal et al. described a
unique subgroup of traumatic MMPRTS in younger patients,
often characterized by concomitant injuries, highlighting the
heterogeneityin pathogenesis [17].

Management of meniscal root tears (MRTs) depends on injury
severity, timing, and cartilage status. Non-operative treatment
suits advanced cartilage damage or unfit patients, focusing on
symptom relief. Surgical repair, the mainstay, restores knee
kinematics but is contraindicated in severe osteoarthritis or
malalignment. Partial meniscectomy offers short-term relief
but risks long-term osteoarthritis progression [ 18]

Arthroscopic and transtibial pullout techniques are the primary
surgical options for MMPRTS, aimed at restoring meniscal
function and biomechanical integrity. Wu detailed an
arthroscopic knotless suture anchor technique, emphasizing its
ability to reduce extrusion and promote healing in patients
without advanced arthritis [19]. However, Takase et al.
observed that while surgical repair significantly improves
clinical scores, such as KOOS and Lysholm, extrusion in
weight-bearing and extension positions often persists,
potentially compromising long-term outcomes [14]. Kodama
et al. further demonstrated that transtibial fixation effectively
suppresses posterior extrusion in flexion, preserving dynamic
stability and minimizing cartilage degeneration [ 16].

Epidemiological studies have provided a broader
understanding of MMPRTs. Kamatsuki et al. identified key
demographic trends, with higher BMI correlating with younger
onset of MMPRTs. They also noted that complete tears were
more likely to result in painful symptoms, underscoring the
importance of early and accurate diagnosis [20]. The clinical
significance of MMPRTs lies in their potential to progress to
severe knee osteoarthritis if left untreated. While surgical
interventions show favorable short-term outcomes, long-term
challenges persist, including incomplete restoration of
extrusion and its correlation with cartilage degeneration [14].
Future research should focus on optimizing surgical techniques,
standardizing rehabilitation protocols, and understandinglong-
term biomechanical changes to improve outcomes. MMPRTSs
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present a complex clinical challenge with significant
implications for knee joint health. Advances in surgical
techniques and growing insights into the etiology and
biomechanics have improved outcomes, but long-term efficacy
remains an area of ongoing research. Personalized treatment
strategies based on patient-specific factors, such as age, BMI,
and tear characteristics, may further enhance outcomes in this
diverse patient population.

Conclusion

MRTs pose significant challenges due to their impact on knee
biomechanics and progression to osteoarthritis. Timely

diagnosis and appropriate management, including surgical
repair when feasible, are crucial to preserving meniscal function
and delaying degenerative changes. Future research should
focus on refining treatment strategies and addressing long-term
outcomes to optimize patient care.

Clinical Message

Early diagnosis and appropriate surgical intervention in MRTs can
preserve knee function and delay osteoarthritis progression.
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