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INTRODUCTION:  The  ring-shaped  lateral  meniscus  is  very  rare.  Although  it  is  essentially  known  as  a
congenital  anomaly,  a central  tear  in an  incomplete  discoid  meniscus  or an  old  bucket-handle  tear  in
a  meniscus  may  be easily  mistaken  for a  ring-shaped  meniscus.  We  experienced  a ring-shaped  lateral
meniscus  that regenerated  after  partial  resection  of  a discoid  meniscus  together  with  anterior  cruciate
ligament  (ACL)  reconstruction.
PRESENTATION  OF  CASE:  A 37-year-old  female  patient  still  experienced  unrelenting  knee  pain  6  months
after  ACL  reconstruction  and  partial  meniscectomy  of a discoid  lateral  meniscus.  A repeat  arthroscopy
was  performed.  The  lateral  tibial  plateau  was  covered  in  the  form  of  a ring  by  meniscus-like  tissue.
The  meniscus-like  tissue  appeared  to have regenerated  inward  toward  the  center  from  the stump after
the  partial  meniscectomy  and  was  connected  from  the  anterior  to  posterior  horn,  forming  an  interhorn
bridge.  Partial  meniscectomy  was  repeated.  Histologically,  the  regenerated  tissue  was  not  meniscal,  but
comprised  mature  fibrocartilage;  macroscopically;  however,  it was  very  similar  to meniscal  tissue.  Two

years  after the initial  operation,  the  patient  had  no  complaints  and  experienced  full  return  of  function.
DISCUSSION:  The  reason  for such  regeneration  is unknown,  but  may  have  been  attributed  to  the  specific
intra-articular  environment  that  developed  after  the  ACL  reconstruction.
CONCLUSION:  This  is the  first report  of regenerative  development  of  a ring-shaped  lateral  meniscus.  When
a  ring-shaped  lateral  meniscus  is diagnosed,  we  must  accurately  determine  whether  it is a true congenital
anomaly  in  consideration  of the  present  case.

© 2013 The Authors. Published by Elsevier Ltd on behalf of Surgical Associates Ltd. All rights reserved.
. Introduction

Ring-shaped menisci, which are characterized by the presence
f an interhorn bridge, are rare. Watson-Jones1 first reported a
edial ring-shaped meniscus in 1930, and Noble2 first reported

 lateral ring-shaped meniscus in 1975. Watson-Jones1 and
asmajiian3 debated whether the origin of the ring-shaped menis-
us is congenital or traumatic. Johnson and Simmons4 stated that
he ring-shaped meniscus probably represents a locked bucket-

andle tear that has been altered by time and pressure. On the
ther hand, Arnold5 stated that the ring shape is likely to be due to a
evelopmental abnormality rather than a degenerative alteration

� This is an open-access article distributed under the terms of the Creative Com-
ons Attribution-NonCommercial-No Derivative Works License, which permits

on-commercial use, distribution, and reproduction in any medium, provided the
riginal author and source are credited.
∗ Corresponding author. Tel.: +81 942 353311; fax: +81 942 350709.

E-mail address: soejima@ACL.jp (T. Soejima).

210-2612/$ – see front matter ©  2013 The Authors. Published by Elsevier Ltd on behalf o
ttp://dx.doi.org/10.1016/j.ijscr.2013.08.023
because ring-shaped menisci are a common feature in primates,
especially at the lateral meniscus.6 The pathogenesis and origin
continue to be debated.

We herein report an exceptional case of regeneration of com-
pletely ring-shaped meniscus-like tissue after partial resection of a
discoid lateral meniscus with ACL reconstruction.

2. Presentation of case

A 37-year-old female patient twisted her right knee and pre-
sented to our institution. The Lachman test and pivot shift test
were positive, and magnetic resonance imaging (MRI) confirmed
the ACL injury and an intrasubstance horizontal tear of the dis-
coid lateral meniscus. In the third month after the injury, the first
arthroscopic surgery was  performed. The lateral meniscus was  thin

and completely discoid (Fig. 1a). Partial meniscectomy was per-
formed because the preoperative MRI  showed an intrasubstance
horizontal tear (Fig. 1b). Arthroscopic ACL reconstruction was also
performed. Although the patient developed a large joint hematoma

f Surgical Associates Ltd. All rights reserved.
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ig. 1. Arthroscopic findings. (a) The lateral meniscus was  a thin, completely disco
c)  Re-arthroscopy 6 months after ACL reconstruction: a regenerated ring-shaped 

CL  reconstruction: the lateral meniscus had a well-defined resected edge without

ostoperatively, aspiration was not performed. Following 10 days
f immobilization in a slightly flexed position, range-of-motion
raining was started. Partial weight-bearing and full weight-
earing gaits were permitted at weeks 3 and 5, respectively.

Because the patient complained of unrelenting pain at the lateral
ite with deep knee flexion 6 months after the surgery, arthroscopy
as performed. The lateral tibial plateau, excluding a portion of

he center of the weight-bearing area, was covered in the form of
 ring by meniscus-like tissue that was connected from the ante-
ior to posterior horn, forming an interhorn bridge (Fig. 1c). Partial
eniscectomy was repeated, resulting in symptom resolution.
A pathological section of the inner portion of the ring around

he bridge was evaluated. New tissue in the form of a triangular
ross section was very similar to a meniscus. In terms of histo-
ogic structure, hematoxylin-eosin (HE) staining (Fig. 2a) showed
hat the majority of the cells comprising the tissue were not fibro-
lasts, but chondrocyte-like round cells. Furthermore, this part was
ompletely stained pale red with Safranin O, suggesting that it con-
ained a higher amount of proteoglycan (Fig. 2b). Immunostaining
evealed that it was densely stained for type I collagen (Fig. 2c) and
as not stained for type II collagen (Fig. 2d). However, the fiber
rientation was random/amorphous, and tie fibers were not found.
One year after the initial surgery, she readily accepted

he recommendation to undergo removal of the fixation
evices with simultaneous arthroscopy. The re-repeat arthroscopy
niscus at the time of ACL reconstruction. (b) Partial meniscectomy was performed.
l meniscus had formed an interhorn bridge. (d) Final arthroscopy 12 months after
erhorn bridge.

demonstrated that the lateral meniscus was in good condition
without an interhorn bridge (Fig. 1d). Two  years after the initial
operation, the patient had no symptoms or complaints.

3. Discussion

In the present case, ring-shaped meniscus-like tissues regen-
erated inward toward the center from the stump formed from the
partial meniscectomy of the discoid lateral meniscus and were con-
nected from the anterior to posterior horn, forming an interhorn
bridge. Histological findings revealed that this regenerated tissue
was relatively similar to the normal meniscus, although there was
a random/amorphous fiber orientation and absence of tie fibers. It
was considered that new fibrocartilage grew on the intercondylar
eminence. This tissue may  transform into a meniscus over time.
One possible cause of such a phenomenon is the intra-articular
environment that develops after ACL reconstruction. During ACL
reconstruction, soft tissue debridement triggers cytokine expres-
sion, and drilling of bone tunnels leads bone marrow mesenchymal
stem cells to the joint. Because this patient developed a large joint

hematoma, it is likely that clots containing a high abundance of
bone marrow mesenchymal stem cells and cytokines formed in the
dead space after the meniscectomy. These blood clots may have
served as a scaffold for meniscus-like fibrous cartilaginous tissue
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ig. 2. Histopathologic findings. (a) HE staining showed formation of a triangular tis
mount of proteoglycan. (c) The regenerated tissue was densely stained for collage

o emerge as a regenerated meniscus. Another possible cause is
etaplasia of the ACL remnants. Remnants of the ACL left in the

nterhorn region may  have metamorphosed to meniscus-like tissue
ecause cells of the ACL have chondrogenic characteristics.7

There have been few reports5,8–10 of ring-shaped lateral menisci.
ost authors reported it as a congenital anomaly because their

atients had no symptoms and/or no history of a major trau-
atic episode. There are only two reports of a ring-shaped lateral
eniscus combined with an ACL injury. Kim et al.11 incidentally

ound a ring-shaped lateral meniscus 2 months after an ACL injury.
e concluded that it was probably caused by a morphological
nomaly based on the arthroscopy findings. Pandey et al.12 reported

 ring-shaped lateral meniscus that was mistaken for an incomplete
iscoid meniscus in a case of ACL injury. In the first arthroscopy,
hey found an incomplete discoid meniscus with a concomitant ACL
ear, and the torn ACL stump was debrided; ACL reconstruction was
ot performed. A repeat arthroscopy 2 years later revealed a ring-
ype lateral meniscus. They concluded that the ring meniscus was
verlooked because a re-examination of the lateral meniscus was
ot performed after debridement in the first arthroscopy. However,

t is possible that tissue regeneration occurred between the two
orns through the synovial reaction and the blood clots or through
emnants of the ACL because the torn ACL stump was  debrided dur-
ng the first arthroscopy. If the oversight had not occurred, their
ase may  have been identical to ours.

Kim et al.13 concluded that for the differential diagnosis of a
ing-shaped meniscus, we should take a careful history of any trau-

atic events, consider the possibility of misinterpretation of the
RI  findings, and probe carefully during arthroscopic operations.

urthermore, it must be kept in mind that the phenomenon found
n our case is actually possible.
at comprised chondrocyte-like round cells. (b) Safranin O staining showed a higher
 I. (d) The regenerated tissue was  not stained for collagen type II.

To prevent the occurrence of such phenomenon observed in our
case, we should pay attention to curetting unnecessary remnants
thoroughly during the surgery, avoiding accumulation of a large
amount of hematomas during the perioperative period, and starting
the exercise of range of motion immediately after the surgery.

4. Conclusion

We reported a patient who exhibited symptoms due to
regeneration of ring-shaped meniscus-like tissue following ACL
reconstruction and partial meniscectomy of a discoid lateral menis-
cus. The regenerated tissue was not a meniscus, but mature
fibrocartilage. The reason for the regeneration is unknown, but may
have been attributed to the specific intra-articular environment
that developed after the ACL reconstruction. When a ring-shaped
lateral meniscus is diagnosed, we  must judge carefully whether it
is really a congenital anomaly in consideration of our case.
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