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Abstract

Background: The natural history of meniscal tears is unclear. Studies have
tried to clarify many aspects. Association with chondral injuries are of main
relevance to the long-term status of the knee but evidence is limited. Objec-
tive: The aim of this study is to describe the intraarticular state of the knee
focused on chondral injury in patients with persistent symptomatic meniscal
tears that were untreated for a minimum period of 4 years. Methods: A total
of 47 patients with symptomatic meniscal tears in whom surgery was indi-
cated but was delayed mainly for administrative reasons, were recruited be-
tween January 1%, 2004 and April 30™, 2010 in a regional hospital. Follow up
ended until circumstances allowed surgical resolution through arthroscopy.
Only patients with meniscal tear in which diagnosis was confirmed and re-
mained symptomatic were included. Patients with initial grade IV Kellgren-
Lawrence osteoarthritis were excluded. Statistical chi-square and logistic re-
gression analysis were used. Results: Mean follow up period was 5.8 years
(range: 4.3 - 10.2 years). 57 meniscal injuries were found in 47 patients. 25
were lateral and 32 medial meniscal tears. Overall, 29 patients had articular
cartilage damage (51%). Chondral injuries were found in 15 of 25 lateral me-
niscal lesions (60%) and 14 of 32 medial lesions (44%). Patients with lateral
compartment meniscal injury had a relative risk (RR) of 2.5 of developing
chondral injury (p-value < 0.01) and those with medial injury had a RR of 1.5
(p-value > 0.05). Compared to 51% of patients with associated chondral and
meniscal damage (n = 29), only 12% of patients with healthy meniscus (n = 7)
had chondral injury (p-value < 0.05). In patients with chondral injury (n =
29), 83% had femoral compromise and 66% had tibial injuries. 79% of chon-
dral injuries were grade IV (ICRS grading scale). According to ISAKOS clas-
sification, 56% of patients with meniscal injury in zone 1 or 2, had chondral
injury vs 22% of the ones with zone 3 compromise (inner zone) (p-value >
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0.05). Conclusion: Persistent symptomatic meniscal tears after medium to
long term (4 to 10 years) are associated with chondral damage in 51% of pa-
tients. Chondral damage associated with meniscal tears is usually deep and
involves femur and tibial sides. Lateral menisci injury is significantly asso-
ciated with articular cartilage damage in the ipsilateral compartment. This
study demonstrates a significant association between meniscal injury and
chondral damage.
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1. Introduction

Meniscal tears of the knee are high incidence injuries, with a rate between 1.1%
and 1.4% in the general population [1] and a peak prevalence in middle age in-
dividuals as high as 22% [2]. The risk factors involved in the development of this
kind of injures are numerous. Demanding sports and knee instability, as it oc-
curs in patients with anterior cruciate ligament injury, have been associated with
meniscal tear development [3] [4]. Systematic reviews have found other factors
involved such as age beyond 60 years, male gender and common activities like
kneeling or climbing stairs [5].

Meniscal injuries can be acute or chronic degenerative tears. The first ones
occur in association with rotation motion while the knee is flexed and the foot
planted, that is why they are related to soccer, basketball, football and other
sports with deceleration and changes in direction [6] [7] [8]. On the other side,
degenerative tears occur in older patients with minimal or no trauma. Also, de-
generative meniscal lesions are commonly revealed in MRI of asymptomatic
middle age subjects [6].

Untreated meniscal tears have been associated with pain, reduced range of
motion, articular effusion, functional limitations, articular surface and radio-
graphic changes [9]-[14]. Patients who undergo partial meniscectomy have 20%
more osteoarthritic changes compared to those who their meniscus is repaired
[15]. Evidence regarding untreated meniscal injuries is sparse, nevertheless,
the above denotes the relevance of this matter and the clear association be-
tween meniscal integrity and chondral damage or osteoarthritis progression
[16] [17] [18].

There are few studies that investigate the natural course of this kind of injuries
therefore the natural evolution remains unclear or unknown, specially related to
its relationship with chondral damage [19] [20]. Chondral lesions associated
with meniscal tears are related to poor outcomes and functional results [21] [22].
The aim of this study is to describe the intraarticular state of the knee specially
focusing on chondral damage, in patients with symptomatic meniscal tears that

remain symptomatic without receiving any treatment for a minimum period of 4
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years after which an arthroscopic evaluation was performed to establish its possi-

ble association between chondral and meniscal damage.

2. Methods

The study was designed including patients with symptomatic meniscal tears that
an arthroscopic treatment was indicated and for different reasons, mainly ad-
ministrative, the surgery was postponed a minimum period of 48 months. After
these minimum 4-year period they were re-evaluated and those who remained
symptomatic where scheduled for an arthroscopic surgery. The diagnosis of me-
niscal tear was made clinically and confirmed in the majority of cases with X ray
and magnetic resonance of the knee. Patients that initially presented osteoarthri-
tis in a knee weight bearing X-ray (Rosemberg View: Grade 4 Kellgren & Law-
rence), were not recruited. Sample size (at least 30) was decided in order to
achieve normal distribution for the posterior statistical analysis. A total of 47 pa-
tients were included between January 1%, 2000 and June 30", 2010 in a regional
hospital. During these minimum 4-year period, all of them continued with nor-
mal daily activities, were laborly active and continued to be symptomatic. They
were evaluated and an arthroscopic procedure was performed with special atten-
tion to meniscal and chondral status which was classified according to the ICRS
[23]. A chondral injury grade II or more was considered significant. Statistical
analysis was made according relative risk (RR), Chi-Squared and logistic regres-
sion with significance less than 5%. The confidence interval (CI) used is 95%.
This study has the respective ethical requirements and authorization of the di-

rector of medical center in charge of the patients included.

3. Results

A total number of 57 meniscal injuries in the 47 patients were detected. Mean
age of the sample was 50 years with a range between 29 and 71. Regarding gend-
er, 29 patients were males (62%) and 18 were females (38%). The mean follow
up period from surgical indication until arthroscopy was 5 years and 8 months
with a range between 4.3 and 10.2 years. Within our cohort, there were 25 cases
of lateral meniscus injury and 32 of the medial menisci, thus 10 patients had
both menisci injured.

Tibiofemoral chondral injuries were detected in 29 compartments or cases
(51%), and 28 cases had no macroscopic articular cartilage lesions (49%), Figure 1.

In the group of 25 lateral meniscus lesions, 15 cases (60%, CI: 38.6% - 78.8%)
had concomitant chondral injury in that compartment and 10 cases (40%, CI:
21.1% - 61.3%) had no chondral damage, p-value 0.149. On the other hand, the
group of 32 cases with medial meniscus injuries, 14 cases had chondral injury
(44%, CI: 26.3% - 62.3%) and 18 cases had no chondral damage (56%, CI: 37.6% -
73.6%), p-value 0.313 (Table 1).

When comparing both compartments, we found that patients who initially

had an injury of the lateral meniscus have a relative risk (RR) of 2.5 of developing
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Figure 1. Arthroscopic view of the articular surface. (A): Healthy articular surface; (B):
Chondral injury.

Table 1. Chondral injuries associated with meniscal injuries.

Compartment Chondral Injury Healthy Cartilage p-Value
Lateral (n = 25) 15 (60%, CI: 38.6% - 78.8%) 10 (40%, CI: 21.1% - 61.3%) 0.149
Medial (n = 32) 14 (44%, CI: 26.3% - 62.3%) 18 (56%, CI: 37.6% - 73.6%) 0.313

Total: 57 29 (51%) 28 (49%) -

a chondral injury (p-value < 0.01). Instead, patients with medial meniscus injury
have a RR of 1.54 of developing the same kind of injury (p-value > 0.05). Our
model concludes that a patient with lateral meniscus injury has 12.5 times more
risk of developing a chondral injury at 4 year minimum (Table 2). The same
model applied to explain chondral injury of the medial compartment was not
significant.

If we look at the healthy compartment which is the one without meniscal
damage, we found 7 cases of chondral injuries (12%, CI: 5% - 23.6%) compared
to 29 cases (51%, CI: 37.2% - 64.3%) with meniscal and chondral lesions in the
same compartment. The latter comparison was statistically significant (p-value <
0.05 RR 4.25).

Regarding the location of chondral lesions within the tibiofemoral compart-
ments with injured meniscus (29 cases), 10 cases were only femoral (35%), 14
were femoral and tibial (45%), 5 cases only tibial (17%). There was no significant
difference between compartments according to location (Table 3) (Figure 2).

According to ICRS classification, 1 case had grade II lesion, 5 cases grade III
lesions (17%) and 23 cases presented grade IV lesions (79%). There was no sig-
nificant difference between compartments (Table 4).

Finally, the location of the injury in the meniscus according to its vasculariza-
tion or corresponding ISAKOS classification [24] and its association with chon-
dral injury is showed in Table 5. All meniscal injuries in red-red zone presented
chondral damage (100%). Furthermore, 56% (27 over 48, CI 41.1% - 70.5%) of

patients with compromised red zone have chondral injury versus 22% of chondral
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Table 2. Logistic regression model of chondral damage in the lateral compartment.

Adj. Adj. Probability
Variabl DF hi- IC 95 -Val
ariable Dev. Mean Chi-Square Relation C 95% p-Value
Regression* 3 17.3 5.7 17.3 - - <0.001
Age 1 0.008 0.008 0.01 1.06 (0.987; 1.146) 0.9286
Lateral
. . 1 15.5 15.5 15.6 12.51 (1.925; 81.343)  <0.001
Meniscus Injury
Medial
. . 1 1.7 1.7 1.7 0.28 (0.041;1.978)  0.1898
Meniscus Injury
Error 41 439 1.07 - - - -
Total 44 612 - - - - -
Goodness of fit - - - - - - 0.487**

DF: degrees of freedom; Adj: Adjusted; Dev: Deviation. *R? of the model is 28.24%, it’s deviance is 23.55%
and AIC: 51.98. **Hosmer-Lemeshow test.

Table 3. Frequency of chondral lesions according to their location and injuried me-

niscus.
Meniscal Injury Femoral Injury Tibial Injury p-Value
Lateral (n = 15) 12 10 -
Medial (n = 14) 12 9 -
Total: 29 24 (83%, CI: 64.2% - 94.1%) 19 (66%, CI: 45.6% - 82%) 0.126

Table 4. Chondral injury according to ICRS grade and meniscal compartment.

ICRS Medial Compartment  Lateral Compartment Total p-Value
1 (6.6%, 1 (3.4%,
Grade II 0 (6.6% (3.4% 0.301
CI: 0.1% - 31.9%) CI: 0.08% - 17.7%)
2 (14.3%, 5(17.3%,
Grade IIT (14.3% 3 (20%, CI: 4.3% - 48%) (17.3% 0.682
CI: 1.7% - 42.8%) CI 5.8% - 35.7%)
12 (85.7%, 11 (73.3%, 23 (79.3%,
Grade IV 0.402
CI: 57.1% - 98.2%) CI: 44.8% - 92.2%) CI60.2% - 92%)
14 (48.3%, 15 (51.7%,
Total 29 (100%) 0.793
CI: 29.4% - 67.4%) CI: 32.5% - 70.5%)

Table 5. Frequency of meniscal injury and chondral injury according to tear location site.

Health
Tear Location ea. v Chondral Injury Total p-Value
Cartilage
ISAKOS zone 3
. . 7 2 (22%, CI: 2.8% - 60%) 9 0.079*
(White-White)
ISAKOS zone 2
. 21 23 (52%, CI: 36.6% - 67.5%) 44 -
(White-Red)
ISAKOS zone 1 0 4(100%) 4
(Red-Red) ’
Total 28 29 57 -

*Comparison between only white zone compromise vs any red zone compromise (ISAKOS 1 + 2).
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Figure 2. Arthroscopic view of chondral injuries according to their location. (A) Fe-
moral & Tibial; (B) Femoral only; (C) Tibial only.

injury in the group with just white zone compromise (2 over 9, CI: 2.8% - 60%),
p-value 0.079.

4. Discussion

The meniscal integrity is important for the articular function of the knee. They
give shock absorption, load distribution, joint stability, lubrication and propri-
oception. Meniscal tears may play an important role in the genesis of chondral
injury and osteoarthritis (OA) of the knee [25].

In the literature there are few studies of natural history of meniscus tears in
spite of its high incidence. The few studies suggest that meniscus tears are asso-
ciated with a greater incidence in chondral injury and OA but there are many
confounding variables not controlled in these short-term studies [26]. After a li-
terature review in different medical databases we didn’t find any study regarding
the natural history nor evolution of untreated symptomatic meniscal tears.
Concordantly, Monk, in his systematic review, didn’t find any study comparing
nonoperative management in the treatment of meniscal injuries [27]. The above
denotes the lack of evidence regarding this matter.

Despite treatment more than 40% of individuals with acute tears of liga-
ments/meniscus or injuries at articular surfaces develop OA of the knee [28].
According to Maffulli, long-term studies of meniscectomized knees show that
almost every knee sustains arthritic changes through time, suggesting the relev-
ance of meniscal integrity in the normal function of the knee [29]. Jorgensen in
his prospective cohort of 147 meniscectomized patients found 89% of radio-
graphic changes at 14.5 years versus 40% at 4.5 years, denoting the progressive
evolution of articular surface damage [12]. Boszotta in his cohort of 31 patients
found that 40% of patients developed early signs of OA after 7 years of partial
meniscectomy [13]. Meniscal tears are associated with greater pain, stiffness, ef-
fusion, functional limitations and articular surface changes, concordantly with
the findings in our study [9]-[14].

At this point we can’t deny meniscal tear as a risk factor in the development of
OA as we demonstrate in the present study that a lateral meniscus injury in-
creases 12.5-fold the chance of developing chondral injury after at least 4 years

of follow up. Meniscal tears appear to be one of the very first events in the de-
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velopment of OA in injured patients and there is an association between this
kind of injuries and cartilage defects and alterations in bone structures [9] [30].
McNicholas et al, in a prospective study of 53 patients with a long-term follow
up of 30 years that compared total meniscectomy with non-operative manage-
ment, found that total meniscectomized patients had 3 times more joint nar-
rowing and osteophytes at the 30-year review with plain x-ray [31].

The treatment of meniscal tears isn’t completely resolved, although is mainly
in favor of the preservation of menisci [32] [33] [34]. Melrose’s revision shows
that surgical removal (partial or complete) of injured menisci has been asso-
ciated with increased premature onset of OA [25]. Concordantly, complete sur-
gical removal has a RR of OA of 14 after 21 years according to Roos [14]. More-
over 80% of patients with repaired meniscus have less radiographic progression
of OA [33].

All the above findings support the relationship between meniscectomy and
cartilage lesions but there is no clear evidence in the literature between a non-
treated symptomatic meniscal injury and chondral lesions. There are different
reasons for a lack of such studies and probably ethical motive is relevant. In
many countries public health care system does not resolve adequately, especially
in timing, pathologies like symptomatic meniscal tears and in some cases, it can
be shamefully for years. We decided to look at this group of patients in a middle
term follow up of minimum 4 years with a special focus in articular cartilage
status.

As we discussed, a treated meniscal injury by meniscectomy is related to fur-
ther chondral lesions, so we expected to find same results in a symptomatic me-
niscal tear that continued to be with symptoms after at least 4 years. Our study
supports this relationship, especially in the lateral compartment where there was
stronger significance. It must be noted that still, there is a group of almost half of
the patients (49%) that did not develop any macroscopic chondral damage de-
spite remaining laborly active and many of them sports participative. We did not
find protective factors related to this group.

If we look at the location of chondral damage related to ipsilateral meniscal
tear, we found that almost half of the patients (45%) had tibial and femoral le-
sions and in the ones with one-sided damage femoral injuries, were twice as fre-
quent than tibial injuries (35% vs 17%). A fact that we could not explain or
compare with other studies. Nor the fact that patients that presented with con-
comitant chondral and meniscal damage had a significant higher rate of deep
cartilage compromise (79% with grade IV ICRS injuries).

We are far from establishing the natural history of meniscal tears, our study
presents some pitfalls. Patients initially proposed for meniscal surgery could
have evolved asymptomatic without treatment or being treated conservatively
during the follow up. We could not determine the evolution in the chondral
damage in this minimum 4-year period as we don’t certainly know the initial
chondral status through arthroscopic view. We have MRI initial status and arth-

roscopic final status that are not accurately comparable.
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Despite these facts, this study is the first report of this kind in the literature
that we know, to accurately determine the chondral status of the knee by direct
arthroscopic evaluation in patients with prolonged symptoms related to menis-

cal tears.

5. Conclusions

According to our findings, symptomatic meniscal tears after medium-long term
(4 to 10 years) are associated with chondral injury in 51% of patients. Almost
half of patients can remain without any chondral damage.

We found a significant association between meniscal tear and chondral injury.
Chondral damage associated with meniscal tears is usually deep (79% grade IV)
and involves femur in 83% and tibia in 66%, with 45% both sided. Lateral me-
nisci injury is significantly associated with articular cartilage damage in the ipsi-

lateral compartment.
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