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Introduction:  Symptomatic  horizontal  meniscal  tears  are  rare  but worrisome  lesions  in  young  adults.
These  are  overuse  injuries  not  amenable  to the  classic  arthroscopic  sutures.  An  open  meniscal  repair
allows  the meniscal  lesion  to be suture  vertically,  perpendicular  to its in  the vascularized  zone.  The
purpose  of  this  study  was  to evaluate  the short  and long-term  clinical  and  radiological  outcomes  of  the
aforementioned  surgical  technique.
Material  and  method:  The  first  cohort  consisted  of  24  patients  operated  between  2009  and  2011  (6
women,  18  men; mean  age  26  years)  having  11 lateral  and  13  medial  meniscal  tears.  The  second  cohort
was  of 10  patients  operated  between  2001  and  2002  (3  women,  7 men;  mean  age  24  years)  having  8
lateral  and  2 medial  meniscal  tears.  Patients  were  reviewed  at the  last  follow-up  using the  IKDC,  Lysholm
and KOOS  scores.  Patients  in  the  first  cohort  had  an  MRI,  while  those  in  the  second  cohort  had  X-rays.
Results:  Eighteen  patients  in the  first cohort  were  reviewed  with a mean  follow-up  of  2  years
(12–45 months)  and  9 patients  from  the  second  cohort  were  reviewed  after  10 years  (97–142  months).
In  the  first  cohort,  one  patient  required  secondary  menisectomy.  The  mean  Lysholm  score  was  90  and  the
subjective  IKDC  was  85.  Every  MRI  examination  found  reduced  extent  and  intensity  of the hyperintense
signal.  In the  second  cohort,  no patients  required  secondary  meniscectomy.  Two patients  had  joint  space

narrowing  (less  than  50%)  on radiographs.  The  mean  Lysholm  score  was  99  and the  subjective  IKDC  was
91.
Conclusion:  Open  repair  of  horizontal  meniscal  tears  in  young  adults  leads  to good  subjective  and  objective
results  in the  short  term,  which  are  maintained  in  the long-term.
Level  of evidence:  Level  IV – retrospective  study.
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1. Introduction

Symptomatic meniscal tears are treated conservatively initially,
while meniscectomy or meniscal repair are performed if conser-

vative treatment fails [1]. Preserving as much meniscal tissue as
possible is the primary concern [2], so as to prevent osteoarthritis
(OA), which occurs in 19% of cases 13 years after total meniscec-
tomy and in 36% of cases 30 years later [3,4]. The clinical outcomes
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Table  1
Preoperative data for both patient cohorts.

Number of
patients

Mean age Sex Average
follow-up

Time from
symptoms to
surgery

Lateral
meniscus (n)

Medial
meniscus (n)

Cyst (n) Side

Cohort 1
Short-term

24 26 years 6 W/18 M 2 years
(12–45)

14 months
(6–13)

11 13 14 12R/12L

Cohort  2
Long-term

10 24 years 3 W/7 M 10 years
(97–142)

23 months
(6–90)

2 8 3 5R/5L
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: left, M: men, R: right, W:  women.

re better and OA progression is less when the meniscus is repaired
han when it is partially resected [5].

Horizontal cleavage tears in young adults were first described
y Biedert in 1993 [6]. These injuries are graded on a scale of 1 to

 based on MRI  images [7]. They make up 20–23% of symptomatic
eniscal lesions [8,9]. The etiology of these lesions has not been

efined. They are not the result of specific trauma causing verti-
al tears nor are they degenerative lesions in young, non-arthritic
atients. A synovial cyst is usually present at the same time. More
han half of patients who have a meniscal cyst also have a horizon-
al cleavage tear [10,11]. Several treatments have been proposed:
onservative treatment alone, arthroscopic suturing with or with-
ut fibrin clot, partial meniscectomy [12,13], arthroscopic partial
eniscectomy of the inferior flap [14] and open suture repair [15].
Repair of fresh traumatic vertical meniscal tears results in good

utcomes [1,16]. Repair of horizontal tears so as to preserve as
uch meniscal tissue as possible can be contemplated, as long as

t is effective in the short term (pain, return to sports) and long
erm (low reoperation and OA rate). The purpose of this study was
o evaluate the survival of suture repairs performed for horizon-
al cleavage tears in the meniscus of young adults and to review
he short- and long-term clinical and radiological outcomes. We
ypothesized that function would improved quickly and perma-
ently, the hyperintense MRI  signal would be reduced early on and
he rate of OA on radiographs would be low in the long term.

. Material and methods

This was a retrospective, multicentre study of two  patient
ohorts reviewed at different times. All patients had meniscal pain
or at least 6 months that did not respond to conservative treat-

ent and that forced them to stop their sports activities. All patients
ere operated on, either by open suturing after arthroscopy or by

rthroscopic suturing.

.1. First cohort

Twenty-four patients with a minimum follow-up of 12 months.
ll had normal preoperative radiographs, without signs of OA.
he mean age at the time of the procedure was 27 ± 9 years
13–40 years). There were 6 women and 18 men; an equal num-
er of left and right knees were affected. Fourteen patients (58%)
lso had a meniscal cyst. Six patients had a medial meniscus tear
nd 18 patients had a lateral meniscus tear. All knees were sta-
le, without associated ligament damage. The symptoms had been
resent for a mean of 14 months (6–36 months) before surgery. Sev-
nteen patients underwent open suture repair and seven patients
ad an all-inside repair. After a mean follow-up of 25 ± 11 months

12–45 months), these patients underwent an MRI  examination to
valuate meniscal healing and the meniscal signal. Objective and
ubjective outcomes were evaluated using the KOOS, Lysholm and
ubjective IKDC questionnaires; the level of return to sport was
ecorded, as was the range of motion.
Fig. 1. Horizontal cleavage tear with unstable flap.

2.2. Second cohort

Ten patients with a minimum follow-up of 10 years. All had
normal preoperative radiographs, without signs of OA. The mean
age at the time of the procedure was  24 ± 11 years (14–45 years).
There were 3 women and 7 men; an equal number of left and right
knees were affected. Three patients also had a meniscal cyst. Eight
patients had a medial meniscus tear and two  patients had a lateral
meniscus tear. All knees were stable, without associated ligament
damage. The symptoms had been present for a mean of 23 months
(6–90 months) before surgery. All of these patients were treated
by open suture repair. After a mean follow-up of 10 ± 1.25 years
(97–142 months), these patients underwent anteroposterior, lat-
eral, schuss and sunrise radiographs that were interpreted using
Ahlbäck’s classification system [17]. Objective and subjective out-
comes were evaluated using the KOOS, Lysholm and subjective
IKDC questionnaires; the level of return to sport was recorded, as
was the range of motion.

The two  groups were comparable in terms of standard preoper-
ative data (P > 0.05), except for the duration of symptoms and delay
before surgery (P = 0.0057) (Table 1). Arthroscopy was performed in
all cases. Grade 2 lesions were normal during arthroscopic explo-
ration, while grade 3 cases had a horizontal tear. If an unstable
meniscal flap was  present, a minimal partial meniscectomy was
performed (Fig. 1). When the open repair was performed, retroliga-
mentous arthrotomy was  used to address the lesions. If a meniscal
cyst was  present, it was excised through the incision. Vertical
meniscus and synovium detachment was carried out so that an

abrasive hook could be used to stimulate the injured area. The tear
was repaired with PDS 0 by placing single vertical sutures (5 ± 1
points in the first cohort and 4 ± 1 in the second) perpendicular to
the tear (Fig. 2).
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al sutures placed perpendicular to lesion.
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Fig. 2. View of horizontal tear, vertic

In the first cohort, the postoperative MRI  images were read by
hree surgeons using a reading grid developed for the study, in order
o grade the type of image found. Type I was a complete absence
f intrameniscal hyperintense signal; type II was  a hyperintense
ignal at the free edge that did not reach the meniscal wall; type III
as the presence of hyperintensity at the meniscal wall (Table 2,

igs. 3–5).

Both groups had the same postoperative course. Gradual, pro-

ected weight-bearing was allowed using two crutches and patients
ore a knee splint for 1 month. During rehabilitation, knee flexion

able 2
rid used by surgeons to read MRI  images after 2 years’ follow-up.

Type I No intrameniscal hyperintensity
Type II Hyperintensity in avascular zone that

does not reach meniscal wall
Type III Hyperintensity that includes the

meniscal wall
Fig. 3. Type I images on MRI; patient treated for lesions in the middle and posterior
segments of the lateral meniscus.
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Fig. 6. KOOS functional scores at 2 and 10 years.
ig. 4. Type II images on MRI; patient treated for lesions in the middle and posterior
egments of the medial meniscus.

as limited to 90◦ during the first month. Return to pivot sports
as allowed after 6 months.

. Results

.1. First cohort (short term)

Eighteen patients were reviewed after a mean of
5 ± 11 months, which is 75% of the original cohort. Partial
eniscectomy was performed in 17 cases before the meniscal

epair. At the last follow-up, range of motion was normal and
ymmetric for all patients. Thirteen patients underwent follow-up
RI  examination. All had resumed their sports participation, with

6 of them (88.8%) returning to their pre-injury level. The mean
ubjective IKDC score was 85 ± 13. The mean KOOS score items
ere 93 ± 8 for pain, 90 ± 10 for symptoms, 97 ± 4 for function,

7 ± 15 for sports activities and 78 ± 14 quality of life (Fig. 6). The
ean Lysholm score was 90 ± 9.
On MRI, 10 of the 13 patients still had an intrameniscal hyperin-

ense signal. Three patients no longer had any hyperintensity (23%)
Fig. 7). All of these patients had a preoperative grade 3 lesion. Five
atients had hyperintensity in the free edge only (38.5%); four of
hem had a preoperative grade 3 lesion and one had a grade 2 lesion.
ive patients had hyperintensity in the meniscal wall (38.5%); four
f them had a preoperative grade 3 lesion and one had a grade 2
esion. In all cases, the hyperintense signal was reduced in intensity
nd extent relative to the preoperative images. There was  a slight

ifference between a strong hyperintensity (white, same intensity
s fluid) and weak hyperintensity (grey, same intensity as cartilage
n T2-weighted and fat-saturated sequences) (Fig. 8). There were no
ignificant differences in terms of the functional outcomes for the

ig. 5. Type III images on MRI; patient treated for lesions in the middle and posterior
egments of the lateral meniscus.
Fig. 7. MRI of a patient, 2 years after repair in the body and posterior horn of the
lateral meniscus (grade 3 lesion).

various types of MRI  images found (P > 0.05) (Table 3). The cyst did
not reappear on MRI  in the nine patients with preoperative cysts.

There were no significant differences (P > 0.05) in the subjec-
tive IKDC and Lysholm scores between medial or lateral meniscus
injuries, grade 2 or grade 3 lesions, and patients with or without
a cyst (Table 4). There were three complications: one patient suf-
fered septic arthritis and required arthroscopic joint lavage with

6 weeks of antibiotics coverage; one patient suffered a deep venous
thrombosis; one patient underwent partial meniscectomy because
of persistent pain.

Fig. 8. Preoperative and 2-year postoperative MRI  for the same patient; persistence
of  a grey, hyperintense signal (type III).
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Table  3
Functional outcomes by MRI  grade at the last follow-up.

MRI grade Number of
patients

Postop subjective
IKDC

KOOS Postop
Lysholm

Postop pain Postop
symptoms

Postop daily
life

Postop sports Postop quality
of life

I 3 83.9 94.4 96.5 95.1 85 75 91.3
II  5 83.4 92.9 91.2 

III  5 84.6 88.8 83.5 

P  0.74 0.70 0.87 0.75 

Table 4
Functional outcome scores by involved side, lesion severity and cyst presence.

Cohort 1 (short term) n IKDC Lysholm

Medial meniscus 7 87 ± 11 89 ± 10
Lateral meniscus 11 85 ± 5 91 ± 6
Grade 2 lesion 6 91 ± 7 93 ± 6
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Grade 3 lesion 12 83 ± 15 89 ± 10
Cyst 12 87 ± 10 89 ± 10
No  cyst 6 83 ± 20 93 ± 6

.2. Second cohort (long term)

Seven patients were reviewed at the clinic and 2 were contacted
y telephone to fill out the questionnaires; 1 patient was lost to
ollow-up. Two patients underwent partial meniscectomy before
he repair. The average follow-up was 10 ± 1.25 years. No patient
equired secondary meniscectomy. All of the reviewed patients had
eturned to their pre-injury level of sports participation within the
rst 2 years’ postoperative. Eight of the nine patients had sym-
etric range of motion (89%) and one patient had a 10◦ deficit

elative to the contralateral side. The mean Lysholm at follow-up
as 99.6 and the mean subjective IKDC score was  91.2 ± 9.6. The
ean KOOS score items were 97.2 ± 8.8 for pain, 96 ± 5 for symp-

oms, 98.8 ± 1.4 for daily activities, 88.3 ± 21.6 for sports activities
nd 93 ± 9.6 quality of life (Fig. 6). Five of the seven patients (71.4%)
ho had radiographs taken at the last follow-up had no signs of

oint space narrowing. Two patients (28.6%) had less than 50% joint
arrowing, which corresponds to Ahlbäck grade I. No complications
r surgical revisions were recorded.

There was no significant difference between the two cohorts of
atients in terms of subjective outcomes (Table 5). This suggests
hat the results were durable and did not deteriorate over time.

. Discussion

The main conclusion of this study is that open meniscal repair
f symptomatic horizontal meniscus tears in young adults leads to
ood results that are stable over time (up to 10 years). The overall
ailure rate of 3.7% (1/27) is similar to published data. The failure
ate for repair of horizontal cleavage tears was found to be 21.4%
n a systemic review [18]. It is also similar to the expected 13%
ailure rate after repair of vertical tears [19]. In a French Society
f Arthroscopy (SFA) symposium in 2003, the rate of secondary

eniscectomy was reported to be 23%, with three-quarters of them

ccurring within the first 2 years postoperative [20]. Despite the
elay before surgery being different in our two  patient cohorts,
he functional outcomes were not significantly different. All of the

able 5
unctional outcome scores for the short- and long-term cohorts.

n IKDC Lysholm KOOS

Pain 

Cohort 1Short-term 17 85.7 90.2 93 

Cohort 2 Long-term 9 91.2 99.7 97.2 

P  0.16 0.13 0.17 
97 85 74.9 87.4
96.4 84 75 87.6

0.73 0.74 0.70

subjective scores (IKDC, Lysholm and KOOS) seemed to improve
over time, but this clinical improvement was not significant.

Few published studies exist on the surgical treatment of hori-
zontal cleavage tears of the meniscus in young athletes. The first
study by Biedert in 2000 compared four different treatment for
grade 2 lesions in 40 patients, who  were reviewed 2 years later
using the IKDC score [12]. The best outcomes were obtained with
arthroscopic partial meniscectomy: 100% normal or satisfactory
results. There were 90% normal or satisfactory results following
arthroscopic suturing. Conservative treatment led to 75% normal
results and partial meniscectomy with meniscal suturing after
placement of a fibrin clot led to 43% normal results. Kim et al.
reported on 40 cases of inframeniscal meniscectomy after 2 years;
the outcomes were good, with a mean Lysholm score of 91 [14].
Kamimura and Kimura reported clinical improvement in nine
patients who underwent arthroscopic suturing with an exogenous
fibrin clot [13]. Pujol et al. found similar results to this study after
3 years with the same surgical technique [15].

Horizontal cleavage tears affect both the vascularized and non-
vascularized portions of the meniscus. Since only the peripheral
part of the meniscus is vascularized (10–25%) [21], healing can
only be expected in the meniscal wall. Noyes reviewed 30 repairs
of traumatic vertical meniscal tears in the avascular zone of sta-
ble knees and found good outcomes with 87% of patients being
asymptomatic and not needing surgical revision after 3 years; three
patients underwent secondary partial meniscectomy [22]. In our
study, one patient required secondary meniscectomy at 1 year post-
operative. Although these horizontal tears are different than the
vertical tears studied by Noyes, both involved the avascular zone.

The intrameniscal hyperintense signal persisted 3 years post-
operative in three-quarters of the subjects, with no recurrence of
the cyst or poor subjective outcomes. We  also found a slight differ-
ence in the signal intensity. A white hyperintense signal translates
to fluid, and does not correspond anatomically to a grey hyperin-
tense signal that shows an area of fibrous scar. The MRI  images after
2 years also had hyperintense signals, but the extent and intensity
had been reduced. Muellner observed hyperintensity after more
than 12 years’ follow-up in 15 of 19 patients who  underwent menis-
cal repair [23]. Pujol et al. also found hyperintensity after 10 years’
follow-up in 20 of 23 patients who  underwent arthroscopic menis-
cal repair and had good functional outcomes [24].

The open surgical technique used in this study only addresses
the lesion on the meniscal wall. More than 60% of patients had

no hyperintensity in the meniscal wall on the 2-year postopera-
tive MRI. Healing of meniscal tissue has previously been studied
by computed tomography [20]. Complete healing was found in
39% of patients, partial healing in 34% and no healing in 27%.

Symptoms Daily life Sports Quality of life

90.3 97.2 87.3 78.3
96 98.8 88.3 93.1

0.15 0.7 0.19 0.09
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owever, these imaging findings had no clinical consequences as
ood results persisted 10 years later. Zanetti et al. performed bilat-
ral MRI  examinations of 100 patients who had clinical signs of
nilateral meniscal lesion. They found that 36% of asymptomatic
nees had a meniscal lesion [25]. These findings demonstrate a lack
f correlation between clinical outcomes and imaging. Unless an
ntra-articular loose body or locking is present, Englund et al. advo-
ate conservative treatment first, saying that the meniscal lesion
ound on MRI  is not necessarily the cause of the patient’s pain [26].
n summary, a significant number of studies have found hyperin-
ensity in the meniscus after repair of vertical or horizontal tears,
n vascular and avascular areas, and in asymptomatic patients.
here is no obvious correlation between these MRI  images and the
ood, long-term radiographical and clinical outcomes after menis-
al repair. One of the limitations of this study was the small number
f subjects; this can be explained by the rarity of these lesions and
he mobility of the young adult population.

. Conclusion

In young adults with a symptomatic horizontal meniscus tear
hat is resistant to conservative treatment, open repair of the

eniscal wall after arthroscopy leads to good clinical outcomes
fter 2 and 10 years of follow-up, with a low reoperation rate
or secondary meniscectomy and a low rate of radiological OA
fter 10 years. When these initially complex tears are treated cor-
ectly, they are durably stabilized with no recurrence of symptoms,
reservation of a functional meniscus and functional outcomes
fter 10 years. Open suture repair is recommended for this specific
ype of horizontal cleavage tear in young adults.
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