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Abstract
Background: Considerable developments have occurred in meniscal surgery, with increasing usage
of meniscal repair as the preferred modality of treatment for meniscal tears, to preserve meniscal
morphology and physiologic function and to delay osteoarthrosis. Second look arthroscopy is
considered the gold standard in assessing meniscal healing. However, as arthroscopy is an invasive
procedure, there is a need for developing accurate modalities for imaging of the post-repair status of
the meniscus as a viable alternative to arthroscopy. Magnetic resonance imaging (MRI) is a good noninvasive imaging modality for evaluation of meniscal healing but the persistence of signals within a
repaired healed meniscus on conventional MRI makes accurate interpretation difficult. MR
arthrography (MRA), which involves addition of intra-articular contrast, increases the sensitivity
and specificity of differentiation between healed scar and possible non-healed repair/retear. CT
arthrography is another imaging technique which has been used for detection of retear; however, it is
limited in the degree of information it provides as compared to MRI/MRA.
Methods: Recent articles were searched on search engines like PubMed, Google Scholar and
references of different articles were checked.
Summary: There is a need for developing accurate modalities for imaging of the post-repair status of
the meniscus as a viable alternative to arthroscopy. This review discusses different imaging
techniques available for the evaluation of post-repair meniscus and its healing along with their
advantages and disadvantages.
Keywords: ‘Meniscal repair’ ‘Post-operative radiological evaluation’ ‘MR arthrography’ ‘MR
imaging’ ‘CT arthrography’
Introduction
The meniscus is important for preserving a multitude of
normal functions of the knee joint such as shock absorption,
force transmission, stability maintenance and joint
lubrication [1]. These critical functions make it important to
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preserve meniscal tissue in patients with meniscal injury.
Thus, meniscal repair has become the optimal treatment for
meniscal tears, especially for vertical or oblique linear tears
located in the vascular zone [2,3]. The main diagnostic tools
for assessment of meniscal repair and meniscal healing are
clinical assessment, MRI/MR arthrography, CT arthrography
and second look arthroscopy[2, 4-6]. Second look
arthroscopy remains the gold standard in evaluating the
healing status. However, because of its invasive nature and
cost, MRI/MR arthrography and CT arthrography are
emerging as more viable alternatives [7, 8]. Clinical
assessment includes criteria such as medial joint line
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tenderness, joint swelling, locking, pain on extreme flexion
and a positive McMurrays test. Though it is the simplest
method of assessment of the patient, it is highly dependent on
the surgeon’s experience [9]. In this review, different imaging
methods for evaluation of meniscus repair and healing and
their pros and cons have been discussed.
Materials and Methods
Recent articles were searched on search engines such as
PubMed, Google Scholar usingkey words like ‘Meniscal
repair’, ‘Post-operative radiological evaluation’, ‘MR
arthrography’, ‘MR imaging’, ‘CT arthrography’. Additional
articles were identified by checking the references. Studies
were initially screened based on titles and references and
study of relevant topics were selected and a review was done
of the same. Andrew L Deutsch et al[36] carried out a study of
17 patients to characterize the appearance of menisci treated
with operative repair and to assess whether magnetic
resonance (MR) imaging could provide a reliable method for
assessing the status of the repair postoperatively. All patients
were in clinically stable condition. Based on their results, they
concluded that it is important that persistent signal intensity
be recognized as a common occurrence and not be used to
provide the basis for the diagnosis of re-tear in a patient with
symptoms. They also deemed a MRI examination as an
unreliable modality of evaluating the healing status of a
meniscus. Timothy E. Farley et al[37] carried out a study
where the purpose was to clarify the proper imaging
approach or modality of choice for the evaluation of the
postoperative meniscus for nonhealing or persistent tearing.
The results of this study suggest that (a) arthrography is more
accurate than MR imaging in the evaluation of the previously
arthroscopically repaired meniscus; (b) the T2 sequence may
be useful, but it has a relatively low sensitivity for enabling the
diagnosis of re-tear or nonhealing and (c) asymptomatic,
stable meniscal tears may be encountered in imaging. Michiel
F. van Trommel et al[38] conducted a study to investigate
whether new and different specialized fast spin-echo
techniques could be used to accentuate signal within the site
of meniscal repair, obviating the need for intra-articular
contrast. In eight cases that had a second-look arthroscopy,
they found that MRI proved to be more accurate than
arthrography in discriminating partial or complete healing.
This report concluded that specialized non-contrast MRI
sequences are more effective in evaluating the healing status
of the repaired meniscus, without artefactual distention of
the joint by contrast and air. Michael E. Hantes et al[39]
carried out a study to prospectively examine the healing
process of meniscal repair with conventional MRI and

indirect MR arthrography and also to compare the two
methods. The signal-to-noise ratio (SNR) of the abnormal
signal reduced 50% from 3 to 6 months, and from 6 to 12
months postoperatively, as seen on indirect MR
arthrography. However, as compared to normal meniscus,
the signal-to-noise ratio of the repair site area was 5.5 times
higher 12 months postoperatively. In contrast, the reduction
of signal-to-noise ratio of the repair site area on conventional
MRI was not significant even from 3 to 12 months. The
results of this study revealed that plain MRI is an
undependable modality of evaluating the natural process of
meniscal healing. Significant reduction in the size of tear and
SNR of abnormal signal along with its configuration are the
main parameters for assessing normal healing process of
repaired menisci. Franky Steenbrugge et al[40] initiated a
study to evaluate the long-term outcome of meniscal sutures
and to correlate clinical findings with MRI findings. They
prospectively studied 13 patients and their results showed
that in all patients the site of the previous suture was still
visible on MRI and it showed signs of mucoid degeneration or
scar tissue in 6/13 of the patients. They concluded that
asymptomatic meniscal tears produce abnormal MR signals
even though they have stable unions, and that MR signals at
the site of repair represent oedematous scar tissue, not true
non-unions. Therefore, MRI is not an effective tool of
measuring the healing status of meniscus following an
arthroscopic repair. Yu Miao et al[41] evaluated MRI signal
characteristics and its diagnostic accuracy in detecting
completely healed post-repair menisci. A total of 34 patients
(38 menisci) underwent MRI and second-look arthroscopy
post-repair and the healing status of the repaired menisci was
evaluated. They concluded that MRI has limitations in
evaluating the healing status of arthroscopically repaired
menisci. T2 sequences have higher diagnostic accuracy than
other sequences. MRI diagnostic accuracy can be improved
by prolonging follow-up time and might be improved by
further classifying Grade 3 signal in terms of signal intensity
and the shape of the signal margin. Nicolas Pujol et al[42]
devised a study to assess the MRI features of the all-inside
repaired meniscus in the long-term. and concluded that
conventional MRI is an accurate method for diagnosing
meniscal derangements, but it is less reliable in the
postoperative assessment of meniscal repairs in the short to
mid-term, particularly as several abnormal vertical and/or
horizontal hypersignals are still present on MRI examination
ten years after arthroscopic all-inside meniscal repair
mimicking meniscal tears. Deniz Ciliz et al[43] conducted a
study to assess the accuracy of conventional MRI as
compared to MR arthrography for detecting recurrent
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meniscal tears post meniscal repair surgery. 72 patients who
had undergone arthroscopic meniscal repair and had
persistent complaints were selected for conventional MRI
and MR arthrography. The results of their study exhibited
that plain MRI and MR arthrography had sensitivities of 54%
and 94%, specificities of 75% and 87% and accuracy of 57%
and 93%, respectively. The accuracy of conventional MRI
studies was significantly less as opposed to the MR
arthrography group (p<.05). Dragos Popescu et al [45]
conducted a study to assess the healing rate of repair of
chronically torn meniscal tear with MR arthrography and to
evaluate the relationship between the clinical and the
radiographic outcomes and the impact of the meniscal
section on healing. MR-arthrography was performed at a
median of 10.5 months (range 6–55) after surgery in 28
patients and functional outcomes were evaluated using
Barrett’s healing criteria, Lysholm and Tegner score pre- and
postoperatively. They found that no differences were found
between the clinical and radiographic outcomes of their
cohort. As compared to CT arthrography, MR-arthrography
was a better option for assessing the extra-articular soft tissue
structures and bone marrow that would not be adequately
imaged by CT-arthrography.
Discussion
Conventional MRI
The routinely obtained conventional MRI sequences are PD
(proton density, intermediate) sagittal and coronal, T2
sagittal, PD and T2 axial, T1 sagittal. 3T (high field strength
magnet) MRIs are preferred for imaging as they provide high
spatial resolution of the images obtained. As opposed to a
healthy & unoperated meniscus, mere presence of a grade 3
signal is not enough to make the diagnosis of a tear.
Fibrovascular granulation tissue and later mature fibrocartilaginous scar produces hyperintense signals (grade 3) on
the intermediate weighted sequences in a healing/healed
meniscus for many years after repair [12]. This can cause
deluding perception of non-healing of the repair [7, 11, 13,
14]. Also, repairs with FasT-Fix showed increased grade 3
signals than other repair patterns as FasT-Fix is nonabsorbable and therefore induces more reaction [15]. Thus,
diagnosis of meniscal tear by using the usual criterion of
linear increased signal intensity extending to the surface on
conventional MRI images may lead to a false-positive
diagnosis in patients after meniscal repair. Use of the stricter
criterion of fluid signal intensity within a linear defect in the
meniscus on T2-weighted images has been shown to provide
high specificity (88%–92%) but low sensitivity (41%–69%)
for tears [13, 16, 17]. The aforementioned stricter criterion
8

with conventional MRI will result in less number of falsepositive diagnoses with a collateral of many tears being
missed. Identification of displaced meniscal fragments allows
effective detection of tears; however, displaced fragments are
only seen in a minority of tears. Addition of intra-articular
contrast increases the sensitivity and specificity of diagnosis
of tear [4, 11, 13, 16, 18, 19]. Extension of intra-articular
contrast into the grade 3 signal indicates presence of a tear.
Assessment of a post-operative meniscus (especially after a
meniscal repair using sutures) on conventional MRI
sequences is difficult. Comparison with previous MRI studies
is essential to know the exact location, extent and
morphology of the prior year for interpretation of the signals
seen on the post-operative study [11]. Even with addition of
intra-articular contrast, the contrast may not enter the tear if
the mouth/opening of the tear is very narrow. This will cause
a false negative diagnosis
MR arthrography
MR arthrography has several advantages over conventional
MR imaging. Distension of the joint makes it more likely for
the contrast to insinuate into the tear and delineate the same.
Lower viscosity of gadolinium as opposed to synovial fluid
makes it more suitable to seep into the tear. T1 W images used
in MR arthrography have a higher signa-to-noise ratio which
improves spatial resolution [3].
1) Direct MR arthrography
After conventional MRI sequences are procured, contrast (50
cc of gadolinium diluted 1:250 to 1:100) is injected into the
knee joint under fluoroscopic guidance following which
multiplanar T1 W images are obtained [4]. Intra-articular
contrast seeps into a tear and enhances it on post-contrast T1
W images. This aids in differentiating a tear from a grade 3
signal suggestive of merely scar tissue.
2) Indirect MR arthrography
The healing status of the meniscus can be non-invasively
assessed by indirect MRA. [7, 20]. After conventional MRI
sequences are obtained, gadolinium contrast (0.1
mmoles/kg) is injected intravenously and the joint is
mobilised for 15-20 minutes. On intravenous administration
of contrast, there is enhancement of granulation tissue, which
reduces in intensity and extent over 12 to 18 months.
The advantages of indirect MR arthrography are that it is a
non-invasive technique and can be performed by a trained
technician or nurse. Plus, patient compliance is better for
indirect arthrography than for direct arthrography [11].
According to some studies there is no significant difference in
diagnostic accuracy between direct and indirect MR
arthrography. Indirect MR arthrography is a less-invasive
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procedure. The presence of a physician and fluoroscopic
guidance is not required, making it probably a better imaging
approach than direct MR arthrogram [4, 11]. Hantes et al
observed that the signal to noise ratio [SNR] of the repaired
tear reduces significantly and approximately 50% from 3 to 6
months, and from 6 to 12 months postoperatively, as
demonstrated with indirect MR arthrography [7]. However,
in comparison to normal meniscus, the SNR of a tear remains
5.5 times higher 12 months postoperatively. In contrast, the
reduction of SNR of the repaired tear at conventional MRI
was not significant even from 3 to 12 months [7].
Second look arthroscopy
Akira Tsujii et al [44] (2017) devised a study to evaluate
arthroscopic findings after arthroscopic repair of meniscal
tears in the red/red or red/white zone. 18 consecutive patients
with meniscal tears underwent arthroscopic inside-out repair
with the tie-grip suture technique. All patients were evaluated
by second-look arthroscopy at six months postoperatively. To
analyze factors associated with healing rates, age, time from
injury to initial surgery, and tear zone were compared.
Significant differences were observed for tear zone (p <
0.0001), but not for age and timing of repair. There are many
reports on meniscal healing as assessed by MRI; however,
MRI assessment remains difficult as signal changes at the
repair site could not be distinguished between scar tissue and
the remaining tear [20]. In contrast, arthroscopic assessment
enables evaluation of synovial coverage on the repair site and
stability using probes. Thus, second-look arthroscopy has
been considered the gold standard for evaluating the healing
status of repaired menisci [35]. The disadvantage of this is
that it is an invasive procedure and hence patient compliance
is less. [23, 32-34].
Conclusion
Meniscal repair has replaced meniscectomy as the treatment
of choice, especially in young patients, to avoid early onset of
osteoarthrosis. Imaging modalities like conventional MRI,
MR arthrography and CT arthrography are being used as
surrogates to clinical assessment and second look
arthroscopy for the post-operative evaluation of meniscal
repair healing. Conventional MRI has a major disadvantage
of grade 3 signals persisting for years post surgery, making it
difficult to differentiate between healed menisci and re-tears.
The use of intra-articular contrast (MR arthrograms, direct
and indirect) have increased the sensitivity, specificity and
accuracy of diagnosis of unhealed menisci and re-tears.
Second look arthroscopy does however remain the gold
standard for the diagnosis of re-tears, as of date.
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