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An avulsion of the posterior tibial insertion of the lateral meniscus occurs during rotational distortion of the knee and can
be associated with a tear of the anterior cruciate ligament (ACL). We performed a follow-up of 28 patients who, following
anatomical ACL reconstruction using the ipsilateral semitendinosus graft, underwent either transosseous repair of the posterior
lateral meniscus root (𝑛 = 14) or no intervention (𝑛 = 14). The meniscus root tears were classified as Forkel I lesions. All patients
were examined 6 months after surgery and undertook scoring using International Knee Documentation Committee Score (IKDC).
Comparing the repair group with the no repair group the subjective IKDC 6 months after surgery was 75,72% (±1,019) and 75,56
(±1,058). Regarding the objective IKDC 8 × A (57,1%) and 6 × B (42,9%) could be ascertained in the repair group whereas 6 × A
(42,9%), 6 × B (42,9%), and 2 × C (14,3%) scoring could be ascertained in the no repair group. It remains unclear if surgery on type
Forkel I PLMRT provides benefits compared to the nonsurgical procedures as in both groups stability might occur. The purpose of
this article was to report the outcome of surgical repair of lateral meniscus root tears.

1. Introduction
An avulsion of the posterior tibial insertion of either the
medial or lateral meniscus is thought to be a relatively rare
clinical diagnosis.
Unlike posterior root tears of the medial meniscus
which generally occur as a consequence of meniscal tissue
degeneration and increased compartmental load, posterior
lateral meniscus root tears (PLMRTs) usually occur following
traumatic rotational distortion of the knee and are commonly
associated with an anterior cruciate ligament (ACL) tear [1–5].
Several studies have shown that approximately 1 out of 10
patients with ACL injury also sustain a PLMRT [2–4, 6–8].

Three different classification systems have been published
to describe the pattern of the posterior lateral meniscal root
tear (PLMRT) and adjacent structures [2, 9, 10] such as the
meniscofemoral ligaments (MFLs).
By definition meniscal root tears are specified as a radial
tear of the meniscus tissue in close proximity (1 cm) to the
insertion or an avulsion of the meniscotibial ligament (root
ligament) [11].
But the diagnosis can easily be missed in initial radiological and arthroscopic assessment and can often be diagnosed
during arthroscopic ACL reconstruction.
Clinically a PLMRT shows similar symptoms as other
meniscal injuries such as tenderness in the joint line and
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positive meniscus tests and therefore cannot be distinguished
clinically from other meniscal pathologies [2, 12–14].
MRI findings, such as the meniscal ghost sign (sagittal
plane), extrusion (coronal plane), and vertical or linear
defect, have been shown to be more sensitive [15–17].
Arthroscopic assessment of an avulsion of the posterior
horn of the lateral meniscus is technically challenging; however, it has been shown to be the most accurate tool for diagnosis [11, 13, 18]. Assessment should include inspection and
examination of the posterior lateral (and medial) meniscus
with a probe in order to proof the integrity of the meniscus
and adjacent structures.
The importance of an intact lateral meniscus as a secondary stabilizer of the knee under pivot-shift loading has
been described [19] explaining an increase in instability in an
ACL deficient knee.
Furthermore, a higher rate of cartilage degradation associated with PLMRT has been reported [8] and increased
contact pressures and decreased contact areas correlating
with the existence of PLMRT have been demonstrated [20–
23].
Only recently biomechanical studies have been published
underlining the importance of the meniscofemoral ligament
(MFL) in stabilizing the meniscus root [21].
Therefore, repair of the ACL and effective stabilization
of the meniscus root seem to be important to first prevent
increased pressure on the lateral and medial compartment
[24] and to secondary prevent cartilage degradation [8].
If this stability can be achieved by autologous healing
or if surgical fixation is necessary is currently discussed in
literature and seems to depend on the type and location of
the tear as well as concomitant injured structures such as the
MFL [11, 21].
With this study a clinical follow-up of 28 patients with
presence of a PLMRT who underwent ACL reconstruction
was performed and of which 14 patients received a transosseous repair (pull-out technique) of the posterior horn of
the lateral meniscus.
The purpose of this study was to compare and report
the technique and the outcome of surgical repair of lateral
meniscus root tears.

2. Methods
The patients who took part in this study presented to the
department between February 2013 and November 2014 with
an acute traumatic knee injury diagnosed as ACL rupture.
Patients with radiographically evident arthritic changes,
other concomitant injuries (e.g., medial collateral ligament
rupture, medial meniscus tear), and old ACL tear and laxity
(absence of acute injury) were excluded. All patients received
preoperative scoring and standard clinical examination such
as Lachman test, anterior and posterior drawer, Rolimeter
test, stability of collateral ligaments, standard meniscus tests
(McMurray, Apley), patella test (Zohlen sign), and MRI
imaging. A minimum time between injury and surgery of 40
days but no longer than 12 weeks was obtained. All patients
received physiotherapy before surgery and the standard
rehabilitation protocol after surgery, knee brace treatment
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for 6 weeks postoperatively including 4-week limitation of
flexion 90∘ and for further 2 weeks with no limitation of
flexion.
Performing surgery included a complete diagnostic
arthroscopic examination of the knee joint including medial
and lateral intra-articular structures of the knee. In all 28
patients the diagnosis of an ACL rupture and the PLMRT
(Type I according to Forkel and Petersen) [9] was confirmed.
All patients were reexamined 6 months after surgery
with International Knee Documentation Committee Score
(IKDC) also obtained.
2.1. Operation Technique. All patients were operated on using
a standard ACL reconstruction technique using the quadrupled semitendinosus tendon of the ipsilateral leg with hybrid
fixation on the femur (interference screw (MegaFix) and
FlippTack (Storz, Germany)) and on the tibia (interference
screw (MegaFix) and standard cortical screw).
Furthermore, in all 28 patients the PLMRT was diagnosed
during arthroscopy (Type I according to Forkel avulsion of
the root at the plateau of the tibia with intact MFL) and
decision for transosseous pull-out repair with the technique
described was made for 14 by flipping a coin.
Prior commencing reconstructive surgery an arthroscopic diagnostic examination of the knee should be performed including a careful examination of the medial and
lateral meniscal root with a probe. The “lift-up test” is
described to be positive if the posterior meniscus root can be
lifted and displaced anteriorly.
After drilling the tibial and femoral tunnel for the tendon
transplant, the ACL reconstruction was extended by the
PLMRT repair.
The posterior lateral meniscal root was reinserted using a
transtibial repair technique by using a suture punch to shuttle
the FiberWire (Arthrex, USA) through the meniscal tissue
twice lancing from the inferior to the superior part of the
meniscus.
A standard PCL drill guide with an ACL tip aimer
was used to place a K-wire in the anatomical footprint
(anterior of the PCL, anterolateral of the medial posterior root
attachment, and posteromedial of the lateral tibial eminence)
[25] of the posterior lateral meniscus horn in order to create
a separate tibial tunnel.
The suture was shuttled through the newly drilled tibial
tunnel and knotted on the anterior tibial cortex using a FlippTack, whilst the tension of the suture was arthroscopically
monitored.
Figures 1–7 show the fixation procedure of the PLMRT
and provide step-by-step explanations.
2.2. Clinical Follow-Up. We evaluated 28 patients (14 without
and 14 with repair of the PLMRT) who underwent ACL
reconstruction using clinical evaluation and the International
Knee Documentation Committee (IKDC). We managed to
examine all patients 6 months after surgery. All patients
received physiotherapy before surgery and the standard
rehabilitation protocol after surgery, knee brace treatment
for 6 weeks postoperatively including 4-week limitation of
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Figure 1: After drilling the femoral tunnel (ACL) a FiberWire was
passed through the posterior horn of the lateral meniscus with a
suture punch (ArthroPass II). The meniscus is perforated twice
with suture punch in order to shuttle the FiberWire in two different
locations (anterior and posterior part of the lateral meniscus root)
through the meniscus.

Figure 2: Both suture ends exit the meniscus on the superior part
of the posterior horn and were carefully tightened to shorten the
inferior suture loop (arrow) entering the meniscal tissue.

flexion 90∘ and for further 2 weeks with no limitation of
flexion.
This retrospective analysis of 28 patients was approved by
the ethics committee of the University of Witten/Herdecke
under number 148/2016.
2.3. Statistical Analysis. Collected data were analyzed by
the unpaired 𝑡-test to assess the differences between groups
using GraphPad Prism Version 6.0. 𝑝 values were considered
statistically significant at 𝑝 < 0.05.

3. Results
Arthroscopically there were no further ligamentous or
meniscal pathologies in any of the patients included in this
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Figure 3: The inferior part should be checked for correct position of
the suture and a sufficient meniscus tissue bridge in order to prevent
further tearing of the meniscal tissue. The arrow refers to the tissue
bridge.

Figure 4: A standard PCL drill guide with an ACL tip aimer was
used to place a K-wire in the anatomical footprint in order to create
a separate tibial tunnel. The tunnel is drilled with a 4,5-diameter
standard drill.

study. Six patients were found to have minor chondral defects
of different stages (grades I and II medial femoral condyle,
medial tibial plateau, and trochlear groove).
The intervention group consists of 8 males, 7 females, and
7 right and 7 left knees. The no intervention group consists of
9 males, 5 females, and 6 right and 6 left knees.
Comparing the repair group with the no intervention
group the subjective IKDC 6 months after surgery was 75,72 ±
1,019 and 75,56 ± 1,058, respectively (𝑝 value 0,9118 (𝑝 < 0.05)
revealed no significant differences). Regarding the objective
IKDC 8 × A (57,1%) and 6 × B (42,9%) could be ascertained
in the repair group and 6 × A (42,9%), 6 × B (42,9%), and 2
× C (14,3%) scoring in the no repair group.
The results of the scores are summarized in Table 1.
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Table 1: Demographics of the IKDC score for both groups. Mean value from 14 patients 6 months after surgery (𝑝 value to compare variances
was not significant).
Intervention for
PLMRT repair

IKDC 6 months
after surgery

Subjective
IKDC

Objective
IKDC

75,72 ± 1,019,
𝑛 = 14

8×A
(57,1%)
6×B
(42,9%)

No intervention despite having
PLMRT
Subjective
IKDC

Objective
IKDC

75,56 ± 1,058,
𝑛 = 14

6×A
(42,9%),
6×B
(42,9%)
2×C
(14,3%)

Male/female (𝑛)

8/6

9/5

Right/left (𝑛)

7/7

8/6

PLMRT

14

14

Figure 5: A suture loop (green colour) is passed through the tunnel
(arrow) using a loop end wire. A probe might be used to enlarge the
intra-articular loop.

𝑝 value

0,9118
(𝑝 < 0.05)
ns

Figure 7: The suture loop is retracted through the tunnel pulling
both ends of the FiberWire onto the anterior tibial cortex. The suture
is knotted on the anterior tibial cortex using a FlippTack while
monitoring arthroscopically the tension of the suture.

Six months after surgery none of the patients in each
group had a pivot-shift or a side-to-side difference of more
than 3 mm anterior translation on performing the Rolimeter
test. None of the patients complained a feeling of instability 6
months after surgery.
The results of the scores are summarized in Table 1.

4. Discussion

Figure 6: Suture forceps are used to shuttle the FiberWire through
the suture loop (green colour) located in the tibial tunnel.

The term “meniscal root tear” is used to name the insertion
of the posterior horn (and the root ligaments) of either
the medial or lateral meniscus on the tibial plateau [7, 26]
suggesting an avulsion of the meniscus insertion at the tibia
plateau.
According to the classification published by Forkel and
Petersen, Type I is an avulsion of the root at the plateau of the
tibia with intact MFL, Type II is a radial tear of the posterior
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horn of the lateral meniscus with an intact MFL, and Type
III is a complete injury of the posterior horn of the lateral
meniscus with rupture of the MFL [9].
The biomechanical consequences of a lateral meniscus
root tear in the compartment as described earlier show that
the presence of the meniscofemoral ligament is crucial [27,
28]. It could be shown that for different angles in knee flexion
an avulsion of the posterior lateral meniscal root attachment
with a deficient MFL resulted in significantly decreased lateral
contact area and increased pressure compared to the intact
state. Otherwise, a root avulsion with intact MFL did not
significantly affect contact mechanics [21].
We therefore chose those patients with Type I PLMRT
and intact MFL to find out if a difference in clinical outcome
can be carved out between groups, repair and no repair.
Special interest was paid to this group as current literature
reports undoubtedly about meniscal instability in the absence
of an MFL whereas it might be questioned if surgical
intervention in the presence of an MFL is beneficial for
the patient. After intraoperative arthroscopically confirmed
PLMRT patients were selected by tossing a coin into the
repair or no repair group. Despite the extended operation
time and therefore longer tourniquet time no disadvantage
in short-term outcome for rehabilitation was found for the
intervention group.
As different surgical techniques such as side-to-side
suture, suture anchors, and transtibial pull-out suture have
been described in literature, the most common for PLMRT
with avulsion of the tibial insertion (the transtibial repair with
a pull-out suture transosseous technique) was recommended
[6, 29, 30]. Therefore, this technique was used in our patients.
To prevent elongation of the suture FibreWire was used in a
two-suture technique to fix the PLMRT onto the tibial plateau
[31].
The importance of an adequate stabilization of the
PLMRT is justified with several studies showing increased
pressure in the compartment and therefore could determine
onset and progression of osteoarthritis [21, 24, 27, 28, 32].
The contact pressure in the lateral compartment increases
in radial tears and root avulsions and decreases after transosseous pull-out refixation as shown in a cadaveric knee
setup by Forkel et al. [28, 33].
A recent review published by Feucht et al. found evidence
for a prevention of progress of osteoarthritis during shortterm follow-up in patients who have undergone an arthroscopic transtibial pull-out repair [22].
But whether repair can prevent or delay osteoarthritis
has not been currently proven. Furthermore, it has not been
shown if those PLMRTs with an intact MFL and therefore
remaining moderate stability need surgical intervention or
not.
Without any doubt damaged structures leading to instability and therefore promoting cartilage damage should be
repaired. But the importance of the right selection of patients
and pattern of injury seems to play a role as there might be
evidence that in the presence of PLMRT but intact MFL no
repair might be needed.

5
Hence, even spontaneous healing without surgical refixation of the posterior root tear might occur as the vascular
blood supply of the anterior and posterior horn has been
reported to be adequate [34, 35]. In addition, due to the
surgical trauma of the ACL reconstruction and therefore the
presence of growth factors, healing of the meniscus and its
insertion (if avulsed) might be induced and result in “fixation
by healing” [36–38]. Also the MFL which prevents dislocation
to a certain extend was present in all patients. Furthermore,
the postoperative treatment with bracing, limitation of flexion, and partial weight bearing might enhance the healing of
the tendon graft and of the meniscus.
The most important issue regarding a PLMRT seems
to be the adequate stability on the tibial plateau achieved
either by surgery or by healing. Several (other) biomechanical
studies have been published showing that both the repair
of the PLMRT and the adequate operative technique are
important to prevent further damage by meniscal instability
and therefore decrease contact forces especially in the lateral
compartment of the knee.
Regarding the short-term results of this study we can
declare that in both groups physiotherapy and rehabilitation
are not delayed by conservative nor meniscal repair but longterm results and bigger numbers are needed to carve out
specific differences.
On follow-up two patients went on to have further
surgery: one for suture granuloma in the area of the tibial
tunnel from the ACL reconstruction at 24 months and one
went on to have arthroscopically partial resection of the
posterior horn of the lateral meniscus for persistent pain
(most likely caused by a radial tear) at 13 months.
According to results from postsurgical MRI imaging
significantly less extrusion of the lateral meniscus could be
observed after repair [2, 5] whereas generally more frequent
meniscus extrusion can be observed in medial meniscus root
tears and repair due to its degenerative origin.
In accordance with these results the MRI results of the
patient who underwent another knee arthroscopy 13 months
after surgery show no dislocation or extrusion of the repaired
meniscus.
According to the functional outcome literature, combined PLMRT repair and ACL reconstruction have been
shown to lead to an increase in clinical scores postoperatively
[2, 6]. But at the same time studies having compared the
surgical with nonsurgical procedure for PLMRT report no
significant differences in clinical outcome [39].
However, patients evaluate the whole knee and not the
ACL reconstruction or the PLMRT, which is why these results
are not distinguishable. But most important is that all patients
restored a good functional level comparable to other studies
[39].
Despite the fact that the results presented are short-term
follow-up results within the phase of intense rehabilitation
no significant differences were revealed. As usually 6 months
after surgery patients start to return slowly to sports raising
their level of activity, surely following these patients for 12
months and 24 months for evaluation is desirable. Further
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limitations of this investigation are the small number of
patients in both groups, the short follow-up period, no
standard MRI follow-up, concomitant injuries such as the
ACL tear following surgical procedures, and the clinical
evaluation with only one score analyzed.

5. Conclusion
This study demonstrates safe and good short-term functional
and patient outcome results from a limited case series following ACL reconstruction and transosseous repair of Forkel
Type I PLMRTs using a pull-out technique. Despite the fact
that the ACL reconstruction and the transosseous meniscal
repair or no repair were not distinguishable from patient
evaluation, patients in both groups restored a good and
satisfying level of activity without significant complication in
this short-term evaluation.
However, further studies to assess the long-term clinical
outcomes and subsequent reduction in the development of
osteoarthritis compared to nonsurgical treatment risk of
osteoarthritis need to be carried out.
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