Provided for non-commercial research and education use.
Not for reproduction, distribution or commercial use.

Vol 25, No 5 May 2009

ARIEIROSEO)2Y
THEJOURNAL OF ARTHROSEOPIE
AR REEANFED) S REGERY

This article appeared in a journal published by Elsevier. The attached

copy is furnished to the author for internal non-commercial research

and education use, including for instruction at the authors institution
and sharing with colleagues.

Other uses, including reproduction and distribution, or selling or
licensing copies, or posting to personal, institutional or third party
websites are prohibited.

In most cases authors are permitted to post their version of the
article (e.g. in Word or Tex form) to their personal website or
institutional repository. Authors requiring further information

regarding Elsevier’s archiving and manuscript policies are
encouraged to visit:

http://www.elsevier.com/copyright


http://www.elsevier.com/copyright

Current Concepts

Magnetic Resonance Imaging of the Postoperative Meniscus

Kennan Vance, D.O., Richard Meredick, M.D., Mark E. Schweitzer, M.D.,
and James H. Lubowitz, M.D.

Abstract: Imaging of the postoperative meniscus is a challenge. Nevertheless, magnetic resonance
imaging (MRI) of the symptomatic knee after meniscal surgery is a valuable diagnostic study of both the
menisci and the entire joint. At present, symptomatic patients who have had partial meniscectomy of less
than 25% may be evaluated by MRI. For those with partial meniscectomy of greater than 25% or after
meniscal repair, direct or indirect magnetic resonance arthrography (MRA) should be considered.
Currently, the decision of whether to perform direct (intra-articular) versus indirect (intravenous) MRA
must be reviewed on a case-by-case basis considering both the patient’s ability to tolerate intra-articular
injection and whether a significant effusion already exists, which will imbue the tear with synovial fluid
(making intra-articular injection of less importance). In such cases of significant effusion, indirect MRA
would be preferred. If MRI or MRA is contraindicated, computed tomography arthrography seems a
promising alternative. For a patient who has undergone meniscal allograft transplantation, MRI seems
adequate for detecting meniscocapsular healing, allograft extrusion, and allograft tear. Future improve-
ments in MRI sequencing may obviate the need for invasive modalities. Key Words: Magnetic resonance
imaging—Magnetic resonance arthrography—Meniscectomy.

nee arthroscopic meniscal surgery is a most com-
monly performed procedure. Because tissue loss at
meniscectomy correlates with clinical symptoms and
diminished function and activity,! meniscal repair or
meniscal allotransplantation is ideally preferred. Yet,
whereas the outcomes of meniscal repair?-® or transplan-
tation!® are good, many such patients have persistent
symptoms.!! Identifying the source of these residual
symptoms is a challenge.
Magnetic resonance imaging (MRI) is a most accurate
test for evaluation of primary meniscal pathology,!? but
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prior meniscal surgery confounds MRI interpretation.
The specific challenge is to distinguish between normal
postoperative findings and new meniscal tears (or failure
to heal).

The purpose of this article is to review the literature
regarding MRI of the postoperative meniscus with a
goal of aiding clinicians who treat patients with clin-
ical symptoms after prior meniscal surgery.

MENISCECTOMY AND DIRECT
(INTRA-ARTICULAR) OR INDIRECT
(INTRAVENOUS) ARTHROGRAPHY

After partial meniscectomy, criteria for diagnosis of
a recurrent meniscal tear include (1) linear signal
abnormality extending to an articular surface (grade 3
signal) on intermediate-weighted images, with fluid
extending into a linear abnormality on T2-weighted
images, or (2) morphologic appearances not typical
for postoperative menisci such as meniscal fragmen-
tation and displaced meniscal tissue.® Yet these crite-
ria must be clarified by caveats.
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FiGure 1. (A) The sagittal T1-weighted MRI scan shows a complex tear (arrow) of the posterior horn of the meniscus. (B) After a
circumferential resection, there is a persistent “grade 3” signal abnormality (arrow) abutting the inferior articular surface on the T2 sagittal
sequence, representing an “intrameniscal signal conversion” that can often be confused with a recurrent tear. (C) The sagittal T2-weighted
image shows synovial fluid (arrow) abutting the inferior surface of the posterior horn but not entering the “grade 3” signal abnormality, suggesting
that this is not a recurrent or residual tear. (Reprinted with permission.!?)

With regard to fluid extending into a linear abnor-
mality, surgeons must be aware of “false-positive”
findings (interpretation of a tear when a tear does not
exist) as a result of “intrameniscal signal conver-
sion,”13-14 which is quite simply defined as well-per-
formed arthroscopic partial meniscectomy converting in-
trameniscal signal to grade 3 signal. Such a phenomenon
occurs when presurgical intrameniscal signal is found
adjacent to torn meniscal tissue. When the torn tissue is
treated with partial resection, the presurgical signal may
now communicate with the exposed, postmeniscectomy,
peri-articular tissue surface, thus creating the specious
appearance of a grade 3 signal (Fig 1).

With regard to morphologic appearances not typical
for postoperative menisci such as meniscal fragmen-
tation and displaced meniscal tissue, this presumes
familiarity with “typical” postmeniscectomy MRI,

which is not common, because postmeniscectomy
MRI is not clinically indicated in the asymptomatic
patient. Arthroscopic surgeons are thus advised to
focus on the amount and anatomic location of the prior
resection (as well as the morphology of the primary
tear when known). The specific foci should include
the overall size of the residual meniscus relative to
specific areas of meniscal truncation, general appear-
ance of the anterior and posterior meniscal horns, and
blunting of the meniscal apical margin (Fig 2).15 A
general clinical pearl is to first assess overall residual
meniscal size by use of a midcoronal image; if the
previous meniscal resection was less than 25% of the
total meniscus, the MRI diagnostic criteria are reliably
similar to those of a virgin meniscus.!316 Logically,
primary MRI criteria are also applicable in areas re-
mote from a previous surgical site.

FIiGUure 2. True-negative meniscal morphologic changes due to prior meniscectomy with no recurrent tear on conventional MRI. (A) The
sagittal intermediate-weighted image shows a linear focus of increased intrameniscal signal intensity extending to the inferior articular surface
(arrow) of the anterior horn of the lateral meniscus. (B) The corresponding T2-weighted image shows morphologic changes (blunting and
truncation) of the apex of the meniscus (arrow) without an associated increase in surfacing intrameniscal signal intensity. Second-look
arthroscopy showed no evidence of a recurrent meniscal tear. (Reprinted with permission.2?)
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FIGure 3. Repeat tear of medial meniscus with an intrameniscal linear area of abnormal signal intensity extending to articular surface and
fluid within that line. (A) The sagittal proton density—weighted fat-suppressed image shows an oblique linear area of abnormal signal intensity
(arrow) extending to the undersurface of the meniscus. (B) The sagittal T2-weighted fat-suppressed image shows fluid within the line (straight
arrow) and moderate joint effusion (curved arrow). (Reprinted with permission.'?)

With regard to MRI sequencing, the proton density—
weighted and T1-weighted sequences in both coronal
and sagittal planes are routinely used for primary
meniscal evaluation, with the former being most spe-
cific. However, these sequences are less valuable for
determining the presence of a recurrent or residual
meniscal tear in the postmeniscectomy knee. For this
reason, T2-weighted, fat-saturated sequences are often
included in an effort to detect synovial fluid signal
within the substance of the remaining meniscal tissue
(indicating that the articular surface has been
breached). In addition, proton density—weighted im-
ages are still of value.!”

Bearing in mind the caveat regarding intrameniscal
signal conversion (as described previously), the best con-
ventional magnetic resonance sign of recurrent tearing of
the postoperative meniscus is grade 3 signal abnormality
(Fig 3).!® Yet, without a significant joint effusion, accu-
racy may be decreased because joint fluid may not imbue
the tear. In such cases direct magnetic resonance arthrog-
raphy (MRA) is indicated and has an overall accuracy of
82% in detecting repeat meniscal tears.!® Similarly,
whereas conventional MRI has 89% accuracy in patients
having undergone resection of less than 25% of the
meniscus, the accuracy of noncontrast MRI is signifi-
cantly less for patients having resection of greater than
25%.1° In such patients (>25% resection), the accuracy

of conventional MRI was 65%, whereas the accuracy of
direct MRA was 87%.19

MRA results in articular distention and increased
intra-articular pressure such that contrast material will

FiGURE 4. True-positive recurrent meniscal tear and fragmenta-
tion on direct MRA. The sagittal T1-weighted fat-suppressed im-
age from direct MRA shows extensive morphologic changes and
fragmentation of the superior articular surface (arrow) of the pos-
terior horn of the medial meniscus. The intra-articular distention
from the arthrogram enables contrast to separate articular surface
from meniscus and allows contrast to imbue the tear. These find-
ings correspond to an arthroscopically confirmed recurrent menis-
cal tear. (Reprinted with permission.?°)
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FIGURE 5. True-positive recurrent meniscal tear on direct MRA.
Sagittal T1-weighted fat-suppressed direct MRA image shows a
linear focus of increased surfacing intrameniscal signal intensity
(arrows) within the posterior horn of the medial meniscus. A
corresponding recurrent meniscal tear was confirmed at second-
look arthroscopy. (Reprinted with permission.2°)

imbue a tear cleft as the periarticular surfaces of the
menisci separate from the articular cartilage, permitting
passage of contrast material into a tear!>-1° (Figs 4 and 5).
The specific use of gadolinium as a contrast material
allows excellent MRA resolution as compared with sy-
novial fluid within a meniscal tear. Whereas direct
MRA has the disadvantages of intra-articular injection
and utilization of the resources of a physician or
physician extender, MRA is generally reported to be a
safe procedure with a low risk of complications.2°
Indirect MRA has an accuracy similar to direct
arthrography while offering several advantages. Intra-
venous injection may be more comfortable to patients
with a painful, pre-existing effusion. In addition, in-
travenous access can be performed by technologists,

Ficure 7. Indirect MRA image of postoperative knee showing
inadequate delay with only rim enhancement of prepatellar bursitis.
One advantage of indirect arthrography is verification of extra-
articular pathology such as prepatellar bursitis or other conditions
that enhance and otherwise might be overlooked in a direct MRA
study.

so a physician’s presence is not needed, decreasing
costs and scheduling difficulties. Perhaps the greatest
advantage of indirect MRI is that the pathologic con-
dition is image enhanced as a result of increased blood
flow caused by inflammation?! (Fig 6). Similarly, im-
age enhancement of areas of inflammation above may
show nonmeniscal sources of pain that may be con-
tributing to the patient’s complaints (Fig 7).

A prospective randomized trial evaluating 41 patients
for detection of recurrent meniscal tears comparing MRI
versus both direct and indirect gadolinium-enhanced
MRA showed a sensitivity of 57.9%, specificity of 80%,

FIGURE 6. True-positive recurrent meniscal tear on indirect MRA. Sagittal T2-weighted (A) and T1-weighted (B) fat-suppressed images
obtained as part of indirect MRA show a focus of oblique increased intrameniscal signal intensity extending to the inferior surface (arrow)
of the posterior horn of the medial meniscus. A corresponding recurrent meniscal tear was shown at arthroscopy. (Reprinted with

permission.2°)
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FiGure 8. (A) Coronal proton density T2-weighted image showing meniscocapsular increased signal (arrow) in and around posterior horn
of lateral meniscus after repair of a peripheral vertical tear. (B) Fat-saturated T1-weighted coronal MRA shows persistent high signal (arrow)
within the posterior horn of the meniscus, which cannot be traced to an articular surface. (C) Coronal reformatted CT angiogram shows an

intact repair site (arrow). (Reprinted with permission.!?)

and overall accuracy of 62.5% using MRIL.?! Indirect
MRA improved sensitivity to 90.9%, specificity to
100%, and overall accuracy to 93.8%. Direct MRA had
a sensitivity of 91.7%, specificity of 100%, and an ac-
curacy of 92.9%. Statistical power analysis revealed that
to show a true statistical difference between MRI and
direct MRA with 90% power, at least 45 patients would
have been needed in each group.?!

In summary, whereas the published literature lacks
sufficient statistical power to show evidence-based
superiority of MRA, the trend toward improved accu-
racy of MRA as compared with MRI for patients with
prior partial meniscectomy of greater than 25% is
compelling.16-19-22

Meniscal Repair

Whereas evaluating patients with pain after partial
meniscectomy is a challenging problem, the evalua-
tion of patients with residual symptoms after meniscal
repair may be even more challenging because increased
MRI signal intensity including grade 3 signal may be
expected after successful meniscal repair.!42324 Such
signal may reflect either immature fibrovascular granu-
lation tissue or mature fibrocartilaginous scar tissue at
the repair site, and this finding persists in 50% of
menisci, after repair, at a mean follow-up of 12.9
years?* (Fig 8).

Bearing in mind the challenge noted in the previous
paragraph, 3 criteria may be used to determine the pres-
ence of a new tear in a previously repaired meniscus:
grade 3 signal intensity with increased intensity on T2-
weighted images, a tear at a location other than the prior
repair, or a displaced meniscal fragment.?3

The literature regarding MRI versus MRA after
meniscal repair is controversial. An early report sug-
gests that MRI is not a useful diagnostic tool for

evaluating recurrent meniscal tears after repair be-
cause it is too difficult to distinguish between post-
repair scar tissue versus a tear.2> Yet a later report
evaluating a small cohort of patients using the gold
standard of second-look arthroscopy found that MRI
was 100% accurate in diagnosing recurrent tears after
meniscal repair.? In contrast, other investigators re-
port that all patients with symptoms after meniscal
repair require MRA to diagnose residual or recurrent
meniscal tears (Fig 9).1¢ Direct MRA may show con-

FiGure 9. Direct MRA image showing a recurrent tear of a
previously repaired posterior horn (right) of medial meniscus plus
anterior effusion (left) and popliteal cyst (far right). (Reprinted
with permission.?!)
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trast material extending either completely across or
partially across a repair site, indicating either recurrent
tear or failure to heal.!® Indirect MRA may enhance
the reparative tissue at the site of prior meniscal re-
pair.2¢ This again, however, may be confounding be-
cause it is not easy to differentiate normal, postsurgi-
cal change from pathology. A study comparing serial
MRI versus indirect MRA showed abnormal signal in
90% of patients in the indirect MRA group versus
only 25% of patients in whom MRI was used, as well
as significant reduction in signal-to-noise ratio over
time with indirect MRA.?7

In summary, MRI evaluation of successful meniscal
repair is difficult to distinguish from recurrent tear. In
our opinion future development of improved MRI
sequencing is required, and additional research is re-
quired to distinguish the advantages of various MRA
techniques.

Meniscal Transplantation

Few articles review MRI of the post-transplantation
meniscus. In general, the MRI criterion for a success-
ful transplantation is complete meniscocapsular heal-
ing. Unsuccessful results are defined as a totally or
partially detached allograft, grade 3 signal, extrusion
of allograft over the peripheral border of the tibial
plateau, or progressive loss of the adjacent articular
cartilage (which may be independent of allograft heal-
ing).?8 It appears that most meniscal allografts show
signal intensity alterations during remodeling as part
of healing, and low signal intensity is common in the
body of a meniscal allograft until remodeling is com-
plete.?®

MRI of the postoperative meniscal allograft must be
correlated with clinical findings.?%-32 Some authors
suggest that MRI of a transplanted meniscus does not
predict clinical outcome.3? Others report good correla-
tion between MRI and second-look arthroscopy plus
increased signal intensity in the posterior horn of menis-
cal allografts associated with moderate or severe chon-
dral degeneration.?® Still others report that MRI corre-
lates with second-look arthroscopy but not with clinical
outcome3! or, in contrast, that clinical results correlate
with arthroscopy but not MRI. In sum, the literature is
not conclusive.

No studies have been published evaluating MRI
versus MRA for assessment of the meniscal allograft.
Conventional MRI may (Fig 10) or may not be ade-
quate. In the future weight-bearing MRI may be of
value. In our opinion current weight-bearing scanners
are of less-than-optimal field and gradient strength. In

FiGure 10. Coronal T2-weighted image of 1-year follow-up after
right knee medial meniscal allograft transplantation (right). Note
meniscocapsular healing and no significant extrusion of the graft
over the tibia. In this situation indirect MRA is less than ideal.
(Courtesy of Kevin Stone, M.D.)

addition, it is difficult for symptomatic patients to
maintain a weight-bearing position without move-
ment, which denigrates scan quality.

Other Imaging Modalities

For the patient who is unable to undergo MRI, there
are other viable options for evaluation of the postop-
erative meniscus. Conventional arthrography of the
postoperative meniscus has not been extensively stud-
ied. One study reports only 58% accuracy for conven-
tional arthrography of the postoperative meniscus,??
whereas another concludes that conventional arthrog-
raphy is better than MRI.?23> However, a significant
limitation of the second study is that second-look
arthroscopy was not used as the gold standard.

Computed tomography (CT) arthrography, much
like direct MRA, uses an intra-articular injection of
contrast material followed by tomographic imaging.
Evaluation of spiral CT arthrography in 20 postmenis-
cectomy patients (with second-look arthroscopy used as
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the gold standard) showed (initial) interpretation of
100% sensitivity and 78% specificity for detecting resid-
ual or recurrent tearing after meniscectomy by use of
conventional criteria for a meniscal tear.33> When the
same images were reanalyzed by use of more stringent
criteria, the sensitivity fell to 93% but specificity in-
creased to 89% (Figs 11 and 12). The CT arthrography
technique appears to show great promise.

Ficure 12. CT arthrogram per-
formed for persisting pain after a
repair of a full-thickness peripheral
vertical tear of medial meniscus.
Contrast medium (arrow) is shown
within a persistent cleft that runs the
full thickness of the body (A, coro-
nal reformation) and posterior horn
(B, sagital reformation), suggesting
a failure of this repair. (Reprinted
with permission.!?)

Ficure 11. Spiral CT arthrography images of full-thickness me-
niscal tear in left knee of a 47-year-old man who underwent partial
medial meniscectomy 6 months previously. (A) Sagittal oblique
reformation shows that the posterior horn of the meniscus is small,
with irregular contour. A full-thickness tear (black arrow) is visible.
Damage of the hyaline cartilage (white arrow) can also be detected.
(B) Medial sagittal oblique reformation shows the extent of the
vertical tear in the body of the meniscus (arrow). (C) Coronal
reformation shows the full-thickness tear involving the posterior
horn of the medial meniscus (arrows). At second-look arthroscopy,
the medial meniscus was confirmed to be torn and was resected.
(Reprinted with permission.33)

NONMENISCAL FINDINGS

In evaluation of the symptomatic patient after knee
arthroscopy, it is important to evaluate not only the
meniscus but the entire knee. There may be concom-
itant disorders, not always related, and history, phys-
ical examination, and MRI must be correlated to iden-
tify the symptom generator. Of the concomitant
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disorders, perhaps the most important with regard to
long-term prognosis is degeneration of articular carti-
lage. For surface defects, proton density—weighted and
T2-weighted images are best. However, for earlier
detection of articular cartilage pathology, indirect
MRA has the potential to be used to assess proteogly-
can content.3*

CONCLUSIONS

Imaging of the postoperative meniscus is a chal-
lenge. The character of a patient’s symptoms and
signs, timing of previous surgical intervention, and
details of surgery are all important pieces of informa-
tion that can aid in the diagnosis of a recurrent or
residual meniscal tear. MRI of the symptomatic knee,
after meniscal surgery, is a valuable diagnostic ad-
junct of not only the previously treated meniscus but

Algorithm.

Symptomatic patient
post-meniscal surgery

the entire joint. Future research is required to define
criteria for imaging options and interpretation.

At present, symptomatic patients who have had
partial meniscectomy of less than 25% may be eval-
uated by use of MRI. For those with partial meniscec-
tomy of greater than 25% or after meniscal repair,
direct or indirect MRA could be considered. Cur-
rently, the decision of whether to perform direct ver-
sus indirect MRA could be reviewed on a case-by-
case basis considering both the patient’s ability to
tolerate intra-articular injection and whether a signif-
icant effusion already exists, which will imbue the tear
with synovial fluid and make knee injection of less
value (such that less invasive, indirect MRA may be
preferred). If MRI or MRA is contraindicated, CT
arthrography seems a promising alternative. For a
patient who has undergone meniscal allograft trans-
plantation, MRI seems adequate for detecting menis-

Post-meniscectomy

Post-meniscal repair

Post-meniscal

Previous partial Previous partial Large pre-existing
meniscectomy of less meniscectomy of effusion
than 25% greater than 25%

allograft
Minimal effusion 1 ( MRI* D
S J

MRI* 1 Large pre-existing 1 Indirect MRA* 1 Direct MRA* 1
effusion ‘

FiGure 13.  Algorithm for evalua-
tion of postoperative meniscus. (Di-
rect, intra-articular injection; Indi-

Indirect MRA*

Minimal effusion

* MRI contraindicated: consider CT Arthrography.

rect, intravenous injection.)
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cocapsular healing, allograft extrusion, and allograft
tear.

To implement an appropriate algorithm for the im-

aging of a postoperative meniscus (Fig 13), a thorough
understanding of the strengths and limitations of each
modality is required. Selecting the appropriate tech-
nique and correlating the findings with the patient’s
clinical picture are crucial to reaching the correct
diagnosis. As the quality of the various imaging mo-
dalities continues to improve, so must our ability to
apply them in the most appropriate fashion. Future
improvements in MRI sequencing may obviate the
need for invasive tests.

10.

11.

12.

13.

14.

REFERENCES

. Rodkey WG, Briggs K, Steadman JR. Tissue loss at menis-

cectomy correlates with clinical symptoms, function and ac-
tivity levels (SS-31). Arthroscopy 2007;23:e16 (abstr).

. Barber FA, Coons DA. Midterm results of meniscal repair

using the BioStinger meniscal repair device. Arthroscopy
2006;22:400-405.

. Barber FA, Coons DA, Ruiz-Suarez M. Meniscal repair with

the RapidLoc meniscal repair device. Arthroscopy 2006;22:
962-966.

. Billante MJ, Diduch DR, Lunardini DJ, Treme GP, Miller MD,

Hart JM. Meniscal repair using an all-inside, rapidly absorb-
ing, tensionable device. Arthroscopy 2008;24:779-785.

. Buchalter DP, Karzel R, Friedman M, Getelman M. Evalua-

tion of all-inside arthroscopic meniscal repair using the FasT-
Fix system (SS-35). Arthroscopy 2006;22:e18-e19 (abstr).

. Kalliakmanis A, Zourntos S, Bousgas D, Nikolaou P. Com-

parison of arthroscopic meniscal repair results using 3 differ-
ent meniscal repair devices in anterior cruciate ligament re-
construction patients. Arthroscopy 2008;24:810-816.

. Kotsovolos ES, Hantes ME, Mastrokalos DS, Lorbach O,

Paessler HH. Results of all-inside meniscal repair with the
FasT-Fix meniscal repair system. Arthroscopy 2006;22:3-9.

. Siebold R, Dehler C, Boes L, Ellermann A. Arthroscopic

all-inside repair using the meniscus arrow: Long-term clinical
follow-up of 113 patients. Arthroscopy 2007;23:394-399.

. Yoo JC, Ahn JH, Lee SH, Lee SH, Kim JH. Suturing complete

radial tears of the lateral meniscus. Arthroscopy 2007;23:1249.e1-
1249.¢7. Available online at www.arthroscopyjournal.org.

Lee D-H, Kim T-H, Lee S-H, Kim C-W, Kim J-M, Bin S-1.
Evaluation of meniscus allograft transplantation with serial
magnetic resonance imaging during the first postoperative
year: Focus on graft extrusion. Arthroscopy in press, available
online 13 March, 2008. doi:10.1016/j.arthro.2008.01.016.
Lubowitz JH, Poehling GG. Summertime blues: ACL rupture,
rotator cuff tear, and meniscus tear seem epidemic. Arthros-
copy 2008;24:741-742.

Fischer SP, Fox JM, Del Pizzo W, Friedman MJ, Snyder SJ,
Ferkel RD. Accuracy of diagnosis from magnetic resonance
imaging of the knee: A multi-center analysis of one thousand
and fourteen patients. J Bone Joint Surg Am 1991;73:2-10.
Deutsch AL, Mink JH. The post-operative knee. In: Mink JH,
Reicher M, Crues JV, Deutsch AL, eds. MRI of the knee. Ed 2.
New York: Raven, 1993;237-290.

Deutsch AL, Mink JH, Fox JM, et al. Peripheral meniscal
tears: MR findings after conservative treatment or arthroscopic
repair. Radiology 1990;176:485-488.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

K. VANCE ET AL

White LM, Kramer J, Recht MP. MR imaging evaluation of
the postoperative knee: Ligaments, menisci, and articular car-
tilage. Skeletal Radiol 2005;34:431-452.

Magee T, Shapiro M, Rodriguez J, Williams D. MR arthrog-
raphy of postoperative knee: For which patient is it useful?
Radiology 2003;229:159-163.

Toms AP, White LM, Marshall TJ, Donell ST. Imaging the
postoperative meniscus. Eur J Radiol 2005;54:189-198.

Lim PS, Schweitzer ME, Bhatia M, et al. Repeat tear of
postoperative meniscus: Potential MR imaging signs. Radiol-
ogy 1999;210:183-188.

Applegate GR, Flannigan BD, Tolin BS, Fox JM, Del Pizzo
W. MR diagnosis of recurrent tears in the knee: Value of
intraarticular contrast material. AJR Am J Roentgenol 1993;
161:821-825.

White LM, Schweitzer ME, Weishaupt D, et al. Diagnosis of
recurrent meniscal tears: Prospective evaluation of conven-
tional MR imaging, indirect MR arthrography, and direct MR
arthrography. Radiology 2002;222:421-429.

Vives MJ, Homesley D, Ciccotti MG, Schweitzer ME. Evalua-
tion of recurring meniscal tears with gadolinium-enhanced mag-
netic resonance imaging. Am J Sports Med 2003;31:868-873.
Scuilli RL, Boutin RD, Brown RR, et al. Evaluation of the
postoperative meniscus of the knee: A study comparing con-
ventional arthrography, conventional MR imaging, MR ar-
thrography with iodinated contrast material, and MR arthrog-
raphy with gadolinium-based contrast material. Skeletal Radiol
1999;28:508-514.

Farley TE, Howell SM, Love KF, Wolfe RD, Neumann CH.
Meniscal tears: MR and arthrographic findings after arthro-
scopic repair. Radiology 1991;180:517-522.

Muellner T, Egkher A, Nikilic A, Furnovics M, Metz V. Open
meniscal repair: Clinical and magnetic resonance imaging
findings after twelve years. Am J Sports Med 1999;27:16-20.
Bronstein R, Kirk P, Hurley J. The usefulness of MRI in evalu-
ating menisci after meniscus repair. Orthopedics 1992;15:149-
152.

Tanaka H, Nakanishi K, Nakata K, Natsuume T, Hamada M,
Nakamura H. Usefulness of Gd-DTPA enhanced T1-weighted
images for evaluating the healing process of repaired menis-
cus. Radiology 1999;213:114 (abstr).

Hantes ME, Zachos VC, Zibis AH, et al. Evaluation of me-
niscal repair with serial magnetic resonance imaging: A com-
parative study between conventional MRI and indirect MR
arthrography. Eur J Radiol 2004;50:231-237.

van Arkel ERA, Goei R, de Ploeg I, de Boer HH. Meniscal
allografts: Evaluation with magnetic resonance imaging and
correlation with arthroscopy. Arthroscopy 2000;16:517-521.
Noyes FR, Barber-Westin SD, Rankin M. Meniscal transplan-
tation in symptomatic patients less than fifty years old. J Bone
Joint Surg Am 2004;86:1392-1404.

Potter HG, Rodeo SA, Wickiewicz TL, Warren RF. MR im-
aging of meniscal allografts: Correlation with clinical and
arthroscopic outcomes. Radiology 1996;198:509-514.
Verdonk R, Versrtaete K, Lootens T, Versraete P, De Rooy J,
Kunnen M. Spectrum of MR imaging findings in viable me-
niscal allografts. Correlation with clinical and arthroscopic
findings. Proceedings of the 8th Annual Meeting of the Euro-
pean Orthopaedic Research Society, Amsterdam, 1998.
Verstraete KL, Verdonk R, Verstraete P, De Rooy J, Kunnen
M. Current status and imaging of allograft meniscal transplan-
tation. Eur J Radiol 1997;26:16-22.

Mutschler C, Vande Berg BC, Lecouvet FE, et al. Postopera-
tive meniscus: Assessment at dual-detector row spiral CT
arthrography of the knee. Radiology 2003;228:635-641.

Gray ML, Burstein D, Kim YJ, Maroudas A. Magnetic reso-
nance imaging of cartilage glycosaminoglycan: Basic princi-
ples, imaging technique, and clinical applications. J Orthop
Res 2008;26:281-291.



