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Abstract
Purpose To assess articular cartilage changes in the knee
joint as detected on 3.0T MR imaging after 2-year followup in patients who underwent arthroscopic anterior cruciate
ligament reconstruction (ACLR) with or without concomitant meniscal surgery.
Methods A total of twenty-nine patients (mean age
30.3 ± 10 years), who underwent arthroscopic ACLR,
received clinical and imaging follow-up at an average
of 27.8 ± 4.8 months after surgery. Our patients were
divided into two subgroups: eighteen patients with additional meniscal injuries at the time of arthroscopic ACLR
who underwent meniscal surgery and eleven patients with
intact menisci. The cartilage status of all knees at the time
of arthroscopic ACLR was recorded. All patients underwent an MRI scan preoperatively and at follow-up with the
same imaging protocol. Cartilage status of all knee compartments was evaluated at the time of follow-up by MR
imaging and the ICRS classification.
Results Deterioration of the cartilage status was found at
all knee compartments of our study group, with respect to
the number of cartilage defects. The cartilage of the lateral femoral condyle (LFC) was most severely affected,
followed by patellar and medial femoral condyle (MFC)
cartilage. A statistically significant relation was found
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between surgery of the medial meniscus and the development of new cartilage defects in LFC (p = 0.01) and MFC
(p = 0.03) after adjusting for the site of meniscal surgery.
The cartilage of LFC and the status of the medial meniscus were also found to be significantly related (p = 0.04).
Partial meniscectomy was found to be associated with an
increased incidence of new cartilage defects when compared to either meniscal repair or absence of meniscal surgery, although it was not statistically significant.
Conclusion Development of new cartilage lesions was evident after 2-year follow-up in patients with arthroscopic
ACLR as detected by MR imaging. There was a multicompartmental pattern of cartilage involvement, and the lateral
compartment was most severely affected. Partial meniscectomy at the time of arthroscopic ACLR could be suggested
as an additional risk factor for the progression of chondral
lesions.
Level of evidence Prospective comparative study, Level II.
Keywords Anterior cruciate ligament reconstruction ·
Cartilage · 3.0T MRI

Introduction
Arthroscopy is an interventional technique that provides conclusive evaluation of the knee cartilage, which is essential
among patients with anterior cruciate ligament (ACL) tear
and concomitant meniscal injuries [13, 16]. These patients,
particularly young and active adults, may require post-operative assessment of the ACL graft and the knee cartilage that
is not necessarily symptomatic. In such cases, the evaluation
of the post-operative status of the knee in routine clinical
practice is performed by magnetic resonance imaging (MRI)
with respect to availability and efficacy [21, 43].
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MRI is the most reliable non-invasive imaging method
for evaluating morphological changes in the articular cartilage both for initial assessment and follow-up. Cartilagesensitive MR techniques such as spoiled gradient-echo
(SPGR) and fast spin-echo (FSE) sequences with fat suppression are considered to be the standard of reference for
morphologic assessment of the knee cartilage due to high
accuracy when compared to arthroscopic findings [4, 33].
However, their diagnostic performance appears relatively
lower in detecting low-grade cartilage lesions [21, 40, 44].
Advanced MRI techniques such as T2 mapping [24, 32],
T1rho [25, 39] and delayed gadolinium-enhanced MRI of
cartilage (dGEMRIC) [27] which estimate compositional
cartilage parameters including collagen, water and proteoglycan/glycosaminoglycan content have shown a unique
ability to quantitatively provide information regarding cartilage quality, but their implementation in routine protocols
is still limited.
The ACL reconstructed knee remains in high risk of
developing osteoarthritic changes [1, 13, 19, 34] especially
in cases with concomitant meniscectomy [7, 8], despite the
stabilizing effect of ACL repair. Preservation of the greater
part of meniscus and/or meniscal repair has been proposed
as the optional treatment options of ACL rupture and concomitant meniscal tears [13, 28] in order to prevent cartilage degeneration.
The working hypothesis of the present study included
the evaluation of the knee cartilage in patients with arthroscopic ACLR with or without concomitant meniscal surgery after 2-year follow-up with MR imaging. The study
aimed to explore the following points:
1. To investigate the progression and distribution of chondral lesions as detected on MR imaging after 2-year
follow-up in our group of patients.
2. To assess whether meniscal surgery is a risk factor
for developing cartilage lesions among patients with
arthroscopic ACLR and correlate the location and the
type of meniscal involvement.

Materials and methods
Twenty-nine patients (mean age 30.3 ± 10 years) of whom
26 were male (mean age 30.8 ± 9.8) and 3 were female
(mean age 26.7 ± 13.4 years) were enrolled in the present
study. The initial number of patients included in the study
group was 34; four patients were excluded due to ACL
graft failure and another one due to post-operative infection
that resulted in early revision arthroscopy.
All patients underwent clinical and preoperative evaluation with 3.0T MRI in our department between April 2009
and December 2010 and subsequently arthroscopic ACLR.
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The average period between time from injury and ACLR
was 26.2 ± 44.5 months. All patients agreed to have a
clinical and imaging follow-up two years after the ACLR.
The presence of additional injuries involving menisci and
articular cartilage of all three compartments of the knee at
the time of ACLR was also recorded. Our patients were further divided in two subgroups with respect to the meniscal
status directly after the ACLR. There were 18 patients who
underwent concomitant meniscal surgery, either partial
meniscectomy (11 patients) or meniscal repair (7 patients),
and 11 patients with intact menisci.
Τhe inclusion criteria for a patient to participate in the
follow-up investigation were:
1. No additional knee surgery between the ACLR and follow-up
2. No rotational or valgus injury between ACLR and follow-up
3. Patient’s agreement to undergo MRI of the knee at follow-up
Demographic data, mean follow-up, time from injury
for each subgroup and distribution of meniscal surgery are
shown in Table 1a, b.
Informed consent was obtained from all patients, and the
study was approved by the Institutional Review Board of
the University Hospital of Larissa, Greece (ID number 74,
20.03.2007).
Surgical technique
All patients underwent ACL reconstruction. Semitendinosus/gracilis autograft was used in 27/29 patients; bone–tendon–bone patellar autograft was selectively used in 2/29
female patients. Double-bundle technique was used in 4/29
patients.
Tibial stabilization was achieved using a screw and femoral stabilization using the endobutton technique. Degenerative meniscal tears, white-white zone tears and complex
tears were treated with partial meniscectomy. Peripheral
meniscal tears (red-red zone and red-white zone) and longitudinal tears were treated with an all-inside suturing technique (FasT-Fix; Smith&Nephew). The number of sutures
depended on the tear size. The majority of the operations
were performed by the same surgeon. All patients underwent the same ACLR rehabilitation protocol.
Magnetic resonance imaging
All MRI scans were performed at a 3.0T unit (GE Healthcare, Signa HDx) with a quadrature knee coil. The protocol used for detection of ligamentous pathology, meniscal
tears and cartilage lesions was identical to the baseline
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Table 1  Patients’ demographics
and data regarding meniscal
status
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Overall

a
Age (years)

30.3 ± 10
26/3

Males/females (n)
Time from injury (months)
Follow-up (months)
Intact meniscus
b
Medial meniscus
Age (years)
Males (n)
Females (n)
Time from injury (months)
Follow-up (months)
Lateral meniscus
Age (years)

29.9 ± 10.5

13

Partial meniscectomy

32.1 ± 11.0

9

26.2 ± 44.5
27.8 ± 4.8

Meniscal repair

28.6 ± 8.1

4

2

0

1

14.3 ± 36.21
28.1 ± 5.21

44.2 ± 61.4
27.1 ± 3.75

29.6 ± 80.8
28.2 ± 6.14

30.7 ± 10.6

32.0 ± 7.4

22.0 ± 5.6

Males (n)

19

5

2

Females (n)

3

0

0

Time from injury (months)
Follow-up (months)

examination. This included axial (TR/TE 2500/32, 18-cm
FOV, 4-mm slice thickness), coronal (TR/TE 1800/32,
18-cm FOV, 3-mm slice thickness) and sagittal (TR/TE
2300/32, 18-cm FOV, 2-mm slice thickness) proton density-weighted fast spin-echo sequences with fat saturation,
coronal T1-weighted (TR/TE 500/8, 18-cm FOV, 3-mm
slice thickness) fast spin-echo sequence and 3D-SPGR
T1-weighted (TR/TE 12/2.5, 18-cm FOV, 1-mm slice
thickness) with fat saturation. The total scanning time was
approximately 35 min.
MRI examinations were reviewed by a team of two
musculoskeletal radiologists with 10 and 22 years of experience in MR imaging for the presence of ligamentous
pathology, meniscal tears and cartilage lesions. The status
of the ACL graft was assessed as being intact or failed.
The presence of new meniscal tears was also recorded.
The articular surfaces of the knee were divided into six
regions: patella, trochlea, medial femoral condyle, lateral
femoral condyle, medial tibial condyle and lateral tibial
condyle. MR grading of the cartilage lesions was based
on the International Cartilage Repair Society classification for traumatic cartilage lesions. Normal cartilage was
scored as grade 0, and a threshold of 50 % was used for
MRI evaluation as follows: grade I for superficial lesions
such as fissures and cracks, grade II for lesions involving
less than 50 % of the full cartilage thickness, grade III for
lesions involving 50–99 % of the full cartilage thickness
and grade IV for full-thickness lesions with subchondral
bone exposure.

19.4 ± 38.9

28.2 ± 5.3

64.6 ± 59.9

26.8 ± 2.9

5.7 ± 6.0

25.5 ± 0.7

Clinical evaluation
Traumatic incidences between baseline and follow-up were
documented. Each participant underwent a detailed clinical
assessment of the reconstructed and contralateral knee, and
signs of laxity (Lachman test, pivot shift test and drawer
signs) and/or meniscal pathology was documented. In addition to that, validated subjective knee questionnaires were
completed and compared to the same baseline outcome
measures (KOOS, Lysholm and Tegner activity scale)
(Table 2).
Statistical analysis
Fisher’s exact test was performed to find any associations
between meniscal surgery and the site of chondral defects
at follow-up. Mixed-effect analysis was used to estimate
whether meniscal surgery had an effect on the appearance
of chondral defects. The association between time from
injury and development of cartilage lesions was also estimated. The difference in the number of lesions for each
patient was taken into consideration before and after surgery. Each change was marked as a binary outcome, i.e.,
yes for a detected change or no if there was not any change.
Chi-square test was used to measure any significant difference. Corrections for small sample size were also used.
Results with a p value less than 0.05 were considered
statistically significant. The R Project for statistical analysis was used to carry out all statistical calculations.
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Table 2  Clinical scores of
subgroups with respect to the
type of meniscal surgery

Partial meniscectomy

Meniscal repair

No meniscal surgery

Total

Preop

Post-op

Preop

Post-op

Preop

Post-op

Preop

Post-op

Lysholma
Tegnerb

72
5.6

96
3.9

79
6.1

98.8
4.7

84.5
6.4

96.7
4.8

78.5
6

97.1
4.5

KOOSc

77.2

96.6

89

96

88

95.4

84.7

96

a

Lysholm score index

b

Tegner activity scale

3

KOOS Knee injury and Osteoarthritis Outcome Score

Fig. 1  a Axial proton density
MR image with fat suppression
shows an intact trochlear cartilage. b Same patient two years
later with cartilage defect at the
trochlear groove. This patient
underwent ACLR and meniscal
surgery

Results
All 29 patients underwent arthroscopic ACLR. Additionally, 11/29 (38 %) underwent surgery of the medial meniscus, and 7/29 (24 %) underwent surgery of the lateral
meniscus, either excision or repair; 2/29 (7 %) developed
tears in a previously intact meniscus at follow-up.
Cartilage lesions were observed in 19/29 patients
(65.5 %) at follow-up compared to 10/29 of patients
(34.5 %) at baseline examination (p = 0.03). There was a
threefold increase in the total number of articular cartilage
lesions from baseline (12 cartilage lesions) to follow-up (35
lesions) (Figs. 1, 2). The distribution of chondral lesions
can be shown in Table 3. The interobserver agreement
was excellent for meniscal tears and ACL grafts (Cohen’s
kappa = 0.92) and moderate for cartilage defects (Cohen’s
kappa = 0.63).
A statistically significant association was found
between the location of meniscal surgery and the site of
chondral defects at follow-up. Patients who underwent
medial meniscal surgery were found to have a statistically
significant deterioration of cartilage lesions regarding
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LFC (p = 0.01) and MFC (p = 0.03), respectively. There
was no statistically significant association between lateral meniscal surgery and the site of chondral defects at
follow-up.
Regarding the site that was more likely to develop cartilage changes among patients who underwent medial meniscal surgery, LFC was found to be more prone to develop
new chondral defects at follow-up when compared to MFC
(p = 0.002).
Looking at the progression of cartilage lesions after
adjusting for the site of surgery, we found that only in the
case of LFC, the medial meniscal surgery had a significant
effect (p = 0.04), although marginal. No statistically significant association was found between the location of meniscal surgery and development of new chondral defects at the
patellofemoral compartment.
The progression of cartilage lesions with respect to the
type of meniscal surgery, either partial meniscectomy or
meniscal repair, is shown in Table 4.
Time from injury did not have any statistically significant effect on the progression of cartilage lesions at the
follow-up.
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Fig. 2  a Coronal proton density
MR image with fat suppression
shows normal cartilage of both
medial and lateral femoral condyle. b Same patient two years
post-ACLR. The coronal proton
density MR image with fat suppression shows definite cartilage
defects involving the lateral
femoral condyle (arrows)

Discussion

Table 3  Distribution of articular cartilage lesions
Articular surface

Baseline chondral
lesions

Follow-up chondral
lesions

MFC
LFC
MTC
LTC
PAT

7
2
2
0
1

12
13
2
1
4

TROCH

0

3

The values in the vertical lines depict the number of chondral lesions
in each compartment, and the numbers in the horizontal lines show
their spread at follow-up. For example, 5 new lesions developed in
the MFC
MFC medial femoral condyle, LFC lateral femoral condyle, MTC
medial tibial condyle, LTC lateral tibial condyle, PAT patella and
TROCH trochlea

Table 4  Progression of articular cartilage lesions related to the type
of meniscal surgery
Subtype of meniscal
surgery

Chondral lesions at
baseline

Chondral lesions
at follow-up

Partial meniscectomy

8

21

Meniscal repair
No meniscal surgery

2
2

7
7

12

35

Total

The most important finding of the present study was the
increased incidence of LFC cartilage defects as detected
on 3.0T MR imaging after 2-year follow-up. The involvement of patellar and MFC cartilage was also evident with
a declined incidence of new lesions. Furthermore, patients
who underwent partial meniscectomy combined with
arthroscopic ACLR were found to have a trend of developing new cartilage defects, although not statistically significant, compared to patients who underwent either meniscal
repair or no meniscal surgery.
The progressive loss of articular cartilage thickness
after arthroscopic ACLR and the deterioration of cartilage
defects with respect to their grade and number are well
known in the literature [8, 11, 14, 17, 24, 34, 37, 41, 42].
This was confirmed in this study with 23 new cartilage
lesions in a 2-year follow-up when compared to the initial
12 lesions that were detected in our patients during surgery.
Our study showed the development of new cartilage
lesions involving the LFC and patella at follow-up that
were previously intact. Progression of cartilage defects
involving the MFC was also detected with respect to
number and grading. This was the location that was most
severely affected at the time of surgery. This may suggest
that the progression of articular cartilage defects involving the lateral and patellofemoral compartment, compared
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to the medial compartment, could imply post-operative
embiomechanic alterations that deteriorate the cartilage in
the above locations. This hypothesis has been supported by
a number of studies [2, 14, 39]; Potter et al. [32] studied
the progression of cartilage loss in ACLR and non-ACLR
knees and reported that the risk for cartilage loss doubled after 1 year for the LFC and MFC and tripled for the
patella, whereas between years 7 and 11, the risk for the
LFC, when compared to the baseline, increased 50 times,
for the patella 30 times and for the MFC 19 times.
However, the above findings appear debatable in the
literature, with some studies supporting the notion that
the cartilage of the medial compartment is most severely
affected post-arthroscopic ACLR [14, 27, 39]. Hosseini
et al. [20] measured a consistently greater increase in cartilage deformation in the medial tibiofemoral compartment
when compared to the lateral compartment at 6-month
follow-up. Additionally, a recent 2- to 4-year follow-up
study with quantitative MRI [24] reported higher T2 values, which reflected deterioration of cartilage status in the
medial compartment of the knee. A more generalized concept of cartilage loss is supported by Lee et al. [23], who
reported progressive cartilage degeneration in 26.7 % of
all investigated sites, with the patella medial facet, lateral
femur anterior region and medial femur central region
showing significantly more cartilage loss than other articular regions.
Biomechanical changes in the reconstructed knee with
an increased valgus stress and/or increased loading in the
lateral compartment may provide some explanation for
this pattern of articular cartilage degradation [35]. Multiple biomechanical analyses almost uniformly postulate that
kinematic abnormalities are not eliminated with reconstruction of the ACL [6, 37, 38]. No significant improvements
are observed in maximum angular knee flexion excursion
during stance, peak knee flexion angle, peak knee flexion
moment during walking or maximum external tibial rotation angle throughout the gait cycle [36]. Georgoulis et al.
[15] and Ferretti et al. [12] noticed a persistent increased
anterior tibial translation combined with rotational changes
in reconstructed knees. Additionally, Hosseini et al. [20]
linked lack of biomechanics restoration after ACLR to
shifts in contact points towards regions of thinner cartilage
with increased contact deformation.
Meniscectomy is a significant risk factor for cartilage
degradation and for development of radiographic OA
among patients with ACLR [1, 9, 10, 19, 24]. This was
also evident in our study, since we found that surgery of
the medial and not of the lateral meniscus was significantly
associated with new chondral lesions in both LFC and MFC
(p = 0.01 and p = 0.03, respectively). Furthermore, LFC
was found to be significantly more prone to develop new
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cartilage defects compared to MFC (p = 0.002) in patients
who underwent ACLR and surgery of the medial meniscus.
However, the detrimental effect of lateral meniscectomy on
the articular cartilage post-ACLR is also well established in
some studies [7, 31]. A bias regarding our findings may be
attributed to the relatively small subgroup of patients who
underwent lateral meniscal surgery.
There was also a notable increase in the total number
of chondral lesions, although not statistically significant,
among patients who underwent partial meniscectomy compared to patients who underwent either meniscal repair or
no meniscal surgery. There are reports in the literature in
agreement with our findings. Our results agree with the
review from Brophy et al. [5], which determines the relation of prior partial meniscectomy and meniscal repair with
grade II, III and IV chondral lesions at revision of ACLR.
A systematic review from Magnussen et al. [26] found that
patients with partial meniscectomy and concomitant ACLR
were five times more likely to exhibit radiographic findings
of OA when compared to patients having intact menisci
after ACLR. Paxton et al. [30] noticed less radiographic
degenerative changes in knees post-ACLR and meniscal
repair compared to knees post-ACLR and partial meniscectomy. Long-term studies have also shown that successful
meniscal repair would provide a chondroprotective effect to
the tibiofemoral compartment involved [28]. However, the
progression of chondral lesions post-ACLR, even among
patients with intact menisci, may indicate the presence of
further pathogenetic mechanisms such as inflammatory
biomarkers involved in the degradation of cartilage postACL injury and possibly after ACLR [3, 18, 22, 29].
There are some limitations in the present study. Arthroscopic ACLR procedures varied among patients, a factor
that could be independently related to the progression of
cartilage lesions. In addition to that, we had a small number of participants and this becomes more obvious when
analysing the subgroups of patients with respect to their
meniscal status during ACLR. Another limitation is the
lack of second-look arthroscopy for the evaluation of the
articular cartilage, as arthroscopy remains the gold standard
for detection and grading of chondral lesions. Nevertheless, arthroscopy remains an invasive procedure and therefore not easily applicable at follow-up studies, if it was not
clinically justified. Regarding imaging, we have not applied
a more advanced technique such as T2 mapping due to limited availability and increased scanning time.
The implementation of newer techniques regarding
ACLR reconstruction that were used in our study group
combined with meniscal surgery when necessary has not
prevented post-operative cartilage changes. So far, no graft
has been shown to re-establish normal kinematics of the
knee joint after arthroscopic ACLR.
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Conclusion
The development of new cartilage lesions was evident after
2-year follow-up in patients with arthroscopic ACLR, as
detected by MR imaging. There was a multicompartmental
pattern of cartilage involvement, and the lateral compartment was the most severely affected. Partial meniscectomy
of the medial meniscus appeared to be a risk factor for the
progression of chondral lesions.
Compliance with ethical standards
Conflict of interest None.

References
1. Ait Si Selmi T, Fithian D, Neyret P (2006) The evolution of
osteoarthritis in 103 patients with ACL reconstruction at 17 years
follow-up. Knee 13:353–358
2. Andreisek G, White LM, Sussman MS, Kunz M, Hurtig M,
Weller I, Essue J, Marks P, Eckstein F (2009) Quantitative MR
imaging evaluation of the cartilage thickness and subchondral
bone area in patients with ACL-reconstructions 7 years after surgery. Osteoarthr Cartil 17:871–878
3. Bigoni M, Sacerdote P, Turati M, Franchi S, Gandolla M, Gaddi
D, Moretti S, Munegato D, Augusti CA, Bresciani E, Omeljaniuk RJ, Locatelli V, Torsello A (2013) Acute and late changes in
intraarticular cytokine levels following anterior cruciate ligament
injury. J Orthop Res 31:315–321
4. Biswal S, Hastie T, Andriacchi TP, Bergman GA, Dillingham
MF, Lang P (2002) Risk factors for progressive cartilage loss in
the knee: a longitudinal magnetic resonance imaging study in
forty-three patients. Arthritis Rheum 46:2884–2892
5. Brophy RH, Wright RW, David TS, McCormack RG, Sekiya JK,
Svoboda SJ, Huston LJ, Haas AK, Steger-May K, Multicenter
ACLRSG (2012) Association between previous meniscal surgery
and the incidence of chondral lesions at revision anterior cruciate
ligament reconstruction. Am J Sports Med 40:808–814
6. Carpenter RD, Majumdar S, Ma CB (2009) Magnetic resonance
imaging of 3-dimensional in vivo tibiofemoral kinematics in
anterior cruciate ligament-reconstructed knees. Arthroscopy
25:760–766
7. Chatain F, Adeleine P, Chambat P, Neyret P, Societe Francaise
DA (2003) A comparative study of medial versus lateral arthroscopic partial meniscectomy on stable knees: 10-year minimum
follow-up. Arthroscopy 19:842–849
8. Claes S, Hermie L, Verdonk R, Bellemans J, Verdonk P (2013) Is
osteoarthritis an inevitable consequence of anterior cruciate ligament reconstruction? A meta-analysis. Knee Surg Sports Traumatol Arthrosc 21:1967–1976
9. Cohen M, Amaro JT, Ejnisman B, Carvalho RT, Nakano KK,
Peccin MS, Teixeira R, Laurino CF, Abdalla RJ (2007) Anterior cruciate ligament reconstruction after 10 to 15 years: association between meniscectomy and osteoarthrosis. Arthroscopy
23:629–634
10. Englund M, Roos EM, Lohmander LS (2003) Impact of type of
meniscal tear on radiographic and symptomatic knee osteoarthritis: a sixteen-year followup of meniscectomy with matched controls. Arthritis Rheum 48:2178–2187

443
11. Faber KJ, Dill JR, Amendola A, Thain L, Spouge A, Fowler PJ
(1999) Occult osteochondral lesions after anterior cruciate ligament rupture. Six-year magnetic resonance imaging follow-up
study. Am J Sports Med 27:489–494
12. Ferretti A, Monaco E, Labianca L, De Carli A, Maestri B, Conteduca F (2009) Double-bundle anterior cruciate ligament reconstruction: a comprehensive kinematic study using navigation.
Am J Sports Med 37:1548–1553
13. Fithian DC, Paxton LW, Goltz DH (2002) Fate of the anterior cruciate ligament-injured knee. Orthop Clin North Am
33:621–636
14. Frobell RB (2011) Change in cartilage thickness, posttraumatic
bone marrow lesions, and joint fluid volumes after acute ACL
disruption: a two-year prospective MRI study of sixty-one subjects. J Bone Joint Surg Am 93:1096–1103
15. Georgoulis AD, Ristanis S, Chouliaras V, Moraiti C, Stergiou N
(2007) Tibial rotation is not restored after ACL reconstruction
with a hamstring graft. Clin Orthop Relat Res 454:89–94
16. Granan LP, Bahr R, Lie SA, Engebretsen L (2009) Timing of
anterior cruciate ligament reconstructive surgery and risk of
cartilage lesions and meniscal tears: a cohort study based on the
Norwegian National Knee Ligament Registry. Am J Sports Med
37:955–961
17. Haughom B, Schairer W, Souza RB, Carpenter D, Ma CB, Li X
(2012) Abnormal tibiofemoral kinematics following ACL reconstruction are associated with early cartilage matrix degeneration
measured by MRI T1rho. Knee 19:482–487
18. Hayward AL, Deehan DJ, Aspden RM, Sutherland AG (2011)
Analysis of sequential cytokine release after ACL reconstruction.
Knee Surg Sports Traumatol Arthrosc 19:1709–1715
19. Hede A, Larsen E, Sandberg H (1992) Partial versus total meniscectomy. A prospective, randomised study with long-term follow-up. J Bone Joint Surg Br 74:118–121
20. Hosseini A, Van de Velde S, Gill TJ, Li G (2012) Tibiofemoral cartilage contact biomechanics in patients after reconstruction of a ruptured anterior cruciate ligament. J Orthop Res
30:1781–1788
21. Kawahara Y, Uetani M, Nakahara N, Doiguchi Y, Nishiguchi M,
Futagawa S, Kinoshita Y, Hayashi K (1998) Fast spin-echo MR
of the articular cartilage in the osteoarthrotic knee. Correlation of
MR and arthroscopic findings. Acta Radiol 39:120–125
22. Kramer WC, Hendricks KJ, Wang J (2011) Pathogenetic mechanisms of posttraumatic osteoarthritis: opportunities for early
intervention. Int J Clin Exp Med 4:285–298
23. Lee YS, Jeong YM, Sim JA, Kwak JH, Kim KH, Nam SW, Lee
BK (2013) Specific compartmental analysis of cartilage status in
double-bundle ACL reconstruction patients: a comparative study
using pre- and postoperative MR images. Knee Surg Sports
Traumatol Arthrosc 21:702–707
24. Li H, Chen S, Tao H, Chen S (2015) Quantitative MRI T2 relaxation time evaluation of knee cartilage: comparison of meniscusintact and -injured knees after anterior cruciate ligament reconstruction. Am J Sports Med 43:865–872
25. Li X, Kuo D, Theologis A, Carballido-Gamio J, Stehling C, Link
TM, Ma CB, Majumdar S (2011) Cartilage in anterior cruciate
ligament-reconstructed knees: MR imaging T1{rho} and T2–initial experience with 1-year follow-up. Radiology 258:505–514
26. Magnussen RA, Mansour AA, Carey JL, Spindler KP (2009)
Meniscus status at anterior cruciate ligament reconstruction
associated with radiographic signs of osteoarthritis at 5- to
10-year follow-up: a systematic review. J Knee Surg 22:347–357
27. Neuman P, Tjornstrand J, Svensson J, Ragnarsson C, Roos
H, Englund M, Tiderius CJ, Dahlberg LE (2011) Longitudinal assessment of femoral knee cartilage quality using contrast
enhanced MRI (dGEMRIC) in patients with anterior cruciate

13

444

28.

29.

30.
31.
32.

33.
34.

35.

36.
37.

Knee Surg Sports Traumatol Arthrosc (2017) 25:437–444
ligament injury–comparison with asymptomatic volunteers.
Osteoarthr Cartil 19:977–983
Noyes FR, Chen RC, Barber-Westin SD, Potter HG (2011)
Greater than 10-year results of red-white longitudinal meniscal
repairs in patients 20 years of age or younger. Am J Sports Med
39:1008–1017
Papathanasiou I, Michalitsis S, Hantes ME, Vlychou M, Anastasopoulou L, Malizos KN, Tsezou A (2016) Molecular changes
indicative of cartilage degeneration and osteoarthritis development in patients with anterior cruciate ligament injury. BMC
Musculoskelet Disord. doi:10.1186/s12891-016-0871-8
Paxton ES, Stock MV, Brophy RH (2011) Meniscal repair versus
partial meniscectomy: a systematic review comparing reoperation rates and clinical outcomes. Arthroscopy 27:1275–1288
Pena E, Calvo B, Martinez MA, Palanca D, Doblare M (2006)
Why lateral meniscectomy is more dangerous than medial meniscectomy. A finite element study. J Orthop Res 24:1001–1010
Potter HG, Jain SK, Ma Y, Black BR, Fung S, Lyman S (2012)
Cartilage injury after acute, isolated anterior cruciate ligament
tear: immediate and longitudinal effect with clinical/MRI followup. Am J Sports Med 40:276–285
Roemer FW, Crema MD, Trattnig S, Guermazi A (2011)
Advances in imaging of osteoarthritis and cartilage. Radiology
260:332–354
Roos H, Adalberth T, Dahlberg L, Lohmander LS (1995) Osteoarthritis of the knee after injury to the anterior cruciate ligament
or meniscus: the influence of time and age. Osteoarthr Cartil
3:261–267
Scarvell JM, Smith PN, Refshauge KM, Galloway HR, Woods
KR (2006) Does anterior cruciate ligament reconstruction restore
normal knee kinematics?: A prospective MRI analysis over two
years. J Bone Joint Surg Br 88:324–330
Shi DL, Wang YB, Ai ZS (2010) Effect of anterior cruciate ligament reconstruction on biomechanical features of knee in level
walking: a meta-analysis. Chin Med J (Engl) 123:3137–3142
Simon D, Mascarenhas R, Saltzman BM, Rollins M, Bach BR Jr,
MacDonald P (2015) The relationship between anterior cruciate

13

38.

39.

40.

41.

42.

43.
44.

ligament injury and osteoarthritis of the knee. Adv Orthop.
doi:10.1155/2015/928301
Stergiou N, Ristanis S, Moraiti C, Georgoulis AD (2007) Tibial
rotation in anterior cruciate ligament (ACL)-deficient and ACLreconstructed knees: a theoretical proposition for the development of osteoarthritis. Sports Med 37:601–613
Theologis AA, Haughom B, Liang F, Zhang Y, Majumdar S,
Link TM, Ma CB, Li X (2014) Comparison of T1rho relaxation
times between ACL-reconstructed knees and contralateral uninjured knees. Knee Surg Sports Traumatol Arthrosc 22:298–307
Vlychou M, Hantes M, Michalitsis S, Tsezou A, Fezoulidis IV,
Malizos K (2011) Chronic anterior cruciate ligament tears and
associated meniscal and traumatic cartilage lesions: evaluation with morphological sequences at 3.0 T. Skeletal Radiol
40:709–716
Wang X, Wang Y, Bennell KL, Wrigley TV, Cicuttini FM, Fortin K, Saxby DJ, Van Ginckel A, Dempsey AR, Grigg N, Vertullo C, Feller JA, Whitehead T, Lloyd DG, Bryant AL (2015)
Cartilage morphology at 2-3 years following anterior cruciate
ligament reconstruction with or without concomitant meniscal
pathology. Knee Surg Sports Traumatol Arthrosc. doi:10.1007/
s00167-015-3831-1
Weninger P, Zifko B, Liska M, Spitaler R, Pelinka H, Hertz H
(2008) Anterior cruciate ligament reconstruction using autografts
and double biodegradable femoral cross-pin fixation: functional,
radiographic and MRI outcome after 2-year minimum follow-up.
Knee Surg Sports Traumatol Arthrosc 16:988–995
Wong S, Steinbach L, Zhao J, Stehling C, Ma CB, Link TM
(2009) Comparative study of imaging at 3.0 T versus 1.5 T of the
knee. Skeletal Radiol 38:761–769
Yoshioka H, Stevens K, Hargreaves BA, Steines D, Genovese
M, Dillingham MF, Winalski CS, Lang P (2004) Magnetic resonance imaging of articular cartilage of the knee: comparison
between fat-suppressed three-dimensional SPGR imaging, fatsuppressed FSE imaging, and fat-suppressed three-dimensional
DEFT imaging, and correlation with arthroscopy. J Magn Reson
Imaging 20:857–864

