Original Article

In-Ofﬁce Needle Arthroscopy Can Evaluate Meniscus
Tear Repair Healing as an Alternative to Magnetic
Resonance Imaging
Alex C. DiBartola, M.D., M.P.H., Alan Rogers, M.D., Peter Kurzweil, M.D.,
Michael V. Knopp, M.D., Ph.D., and David C. Flanigan, M.D.

Purpose: To assess the healing of horizontal cleavage tears of the meniscus 1 year after surgical repair and to determine
what modality is best to determine healing. Methods: Patients were prospectively followed for 12 months after surgical
meniscus repair using a circumferential compression stitch. Inclusion criteria were preoperative magnetic resonance
imaging (MRI) evidence of horizontal cleavage tear, age between 18 and 50 years, and no concomitant anterior cruciate
ligament reconstruction. Patients were excluded if they were >50 years old, had a meniscus tear pattern other than
horizontal cleavage tear, and underwent concomitant ligament reconstruction. MRIs were performed 1-year postoperatively for evaluation of repair healing. Preoperative and postoperative MRIs of tears were evaluated blindly by a
musculoskeletal radiologist. In-ofﬁce needle arthroscopy was performed at 6 months post-operatively. Results: Eight
patients were included and had surgery between March 2016 and November 2017. There were 4 medial and 4 lateral
meniscus tears. No patients had recurrence of preoperative symptoms or evidence of retear. Six repairs evaluated by inofﬁce needle (at 5.9 months postsurgery) arthroscopy demonstrated complete healing. Seven of the 8 patients had grade
III changes on preoperative MRI, and 1 patient had grade IIc changes. On postoperative MRI, 5 of 7 patients had grade III
changes, 1 patient had IIc changes, and 1 had IIb changes. There was no signiﬁcant difference in the proportion of patients
with grade III changes preoperatively compared with postoperatively (P ¼ .57). One of 8 patients with preoperative MRIs
demonstrated extrusion where no patients demonstrate postoperative MRI evidence of extrusion (P ¼ .47).
Conclusions: Horizontal cleavage meniscal tears repaired with a circumferential compression stitch demonstrate healing
on in-ofﬁce needle arthroscopy 6 months after surgery. No evidence of incomplete or failed healing was found. MRI at 1
year after surgery demonstrated residual tear evidence for all patients. Level of Evidence: IV, therapeutic case series.
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eniscus tears are among the most commonly
encountered and treated orthopaedic injuries.
They occur in 2 per 1,000 patients per year, and partial
meniscectomy is the single most common orthopaedic
procedure performed in the United States alone.1,2
While numerous tear patterns exist, horizontal cleavage tears (HCTs) may account for up to 32% of all
meniscus tears, and due to their complexity and poor
healing potential, they have often been treated with
partial or subtotal meniscectomy.3,4 However, modern
all-inside repair devices using circumferential compression sutures have demonstrated superior load to failure
compared with other techniques, while limiting the
morbidity of additional surgical exposure required for
inside-out repair techniques.5,6
Meniscus healing after repair, regardless of the tear
pattern or repair technique, remains difﬁcult to assess,
and there are a wide variety of methods used.7-9
Clinical evaluation, patient symptomology, return to
function and/or sport, and patient future surgeries for
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meniscus-related pathology have been used to assess
meniscus repair success.8,10 Magnetic resonance
imaging (MRI) and second-look arthroscopy remain
the primary options to assess repair healing,11,12
although second-look arthroscopy remains the gold
standard.13-15 MRI does allow for an easier, quicker,
and noninvasive assessment compared with secondlook arthroscopy, which necessitates another procedure and is often not feasible or indicated in the
asymptomatic patient for the evaluation of repair
status. In addition, in-ofﬁce needle arthroscopy
(IONA) has become increasingly popular for the
evaluation of cartilage injuries, ligamentous status,
and meniscus pathology.16-20 The IONA procedure
allows for the direct visualization and evaluation of
intra-articular knee structures, including the status of
the surgically repaired meniscus.
HCTs have historically been thought to have poor
healing potential due to tear characteristics lack of
adequate repair techniques. However, newer treatment
strategies and devices are being employed. Nevertheless,
there remains a paucity of data regarding the arthroscopic
evaluation of healing after HCT repair. Furthermore, to
our knowledge, there are no previous publications evaluating HCT repairs with IONA and comparing these results to an assessment of healing using MRI.
The primary purposes of this study were to assess the
healing of HCTs of the meniscus 1 year after surgical
repair and to determine what modality is best to
determine healing. It was hypothesized that patients
undergoing repair of HCTs using all-inside circumferential compression sutures would demonstrate healing
on IONA 6 months after repair, and that these results
with be similar to the assessment of healing at 12
months with MRI.

arthroscopy was performed for all patients to evaluate
for concomitant cartilage damage and other intraarticular injuries. An electric shaver and meniscus
punch were used to trim areas of each patients’ tear
before repair. HCTs were repaired using a circumferential compression stitch (Ceterix NOVOSTITCH; Smith
& Nephew, Andover, MA) (Fig 1). No augmentation
procedures to stimulate healing were performed.
All patients followed a standard and institutionspeciﬁc online published postoperative protocol for
therapy after meniscus repair that began with a period
of noneweight-bearing (4 weeks) followed by a period
of partial weight-bearing (2 weeks) and a progressive
return to full activity by 4 to 6 months. Clinical repair
failure was deﬁned as recurrence of symptoms necessitating revision surgery.

Patients who underwent surgery for HCTs between
March 2016 and November 2017 by a single surgeon
(D.C.F.) were identiﬁed. This study was approved by our
institutional review board and included patients enrolled
at a single institution. The inclusion criteria were having
a preoperative MRI evidence of HCTs, aged between 18
and 50 years old, and had no concomitant anterior
cruciate ligament reconstruction performed at time of
surgery. Patients were excluded if they were >50 years
in age, had a meniscus tear pattern other than horizontal
cleavage tearing, and underwent concomitant ligament
reconstruction at time of surgery. All patients were followed for a minimum of 12 months.

Data
Demographic data were recorded for the entire patient cohort. Patients with HCTs were enrolled and
prospectively followed after surgical repair using a
circumferential compression stitch (Ceterix NOVOSTITCH; Smith & Nephew). There were no concomitant
procedures performed at the time of arthroscopic repair
other than chondroplasty in 1 patient. All patients had a
preoperative MRI demonstrating an HCT. MRIs were
performed at 12 months postoperatively for evaluation
of repair failure or the extent of repair healing.
All preoperative and postoperative MRI studies were
evaluated by a fellowship-trained musculoskeletal
radiologist using a previously published MRI grading
system (grades I-III, Table 1) as reported by Lotysch
et al.21 MRIs were evaluated for abnormal signal intensity within the menisci indicative of meniscal tearing
or healing. The radiologist was blinded as to the patient’s demographic information and preoperative
versus postoperative status. Patients underwent IONA
(mi-eye; Trice Medical, Malvern, PA) to assess repair
healing as a planned component of their 6-month
postoperative visit. Healing on IONA was assessed
independently and in a blinded fashion by 2 reviewers
(one sports medicine fellowshipetrained orthopaedic
surgeon and 1 senior orthopaedic surgery resident)
using criteria (completely healed, incompletely healed,
failed healing) set forth by Morgan et al.22 and Kanto
et al.23 Speciﬁcally, healed repairs demonstrated no
defects or hypermobility, incompletely healed repairs
had partial defects and were stable, and failed repairs
were mobile secondary to either failed repair site or
secondary tears.22

Surgical Technique
All patients were evaluated clinically and with
MRI before surgery. A single sports medicine
fellowshipetrained orthopaedic surgeon (D.C.F.)
performed all procedures. A standard diagnostic

Statistical Analysis
Descriptive statistics were generated for the entire
sample and all statistical analysis and tests were performed using STATA, 14.0 (StataCorp, College Station,
TX). A power analysis was not performed due to the
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Fig 1. Posterior (A) and midsubstance (B) views, respectively,
of a repaired meniscus horizontal
cleavage tear, taken intraoperatively
after repair.

unique and explorative nature of the study. Comparison of categorical variables preoperatively and postoperatively were performed via Fisher exact tests due to
the low number of patients.

Results
Eight patients met inclusion criteria and were enrolled
in the study. The mean age at the time of HCT repair was
32 years (standard deviation [SD] 9.2) (Table 2), with a
mean follow-up of 27.7 months (SD 14.4). All but 1
patient presented with preoperative mechanical symptoms described as presence of locking, catching, and/or
clicking. Mean body mass index was 25.4 (SD 3.0).
Injury mechanism included wrestling (n ¼ 1), weightlifting (n ¼ 1), jumping exercise (n ¼ 1), soccer (n ¼ 1),
and unknown (n ¼ 4). One patient underwent a
concomitant chondroplasty at the time of HCT repair
surgery. Two patients had previous knee surgery on
their operative knee (n ¼ 1 unknown, n ¼ 1 ACL
reconstruction). There were 4 medial HCT repairs and 4
lateral HCT repairs. One patient developed a superﬁcial
wound infection that resolved after 10 days of oral antibiotics, Grade 1 (temporary disadvantage, no reoperation) according to Gosling and Gouma’s24 classiﬁcation
system. No other complications were observed.
Table 1. MRI Evaluation of Meniscus Healing
Grade
1
2
2a
2b
2c
3

Small focal area of hyperintensity, no extension to the
articular surface
Linear areas of hyperintensity, no extension to the
articular surface
Linear abnormal hyperintensity with no extension to the
articular surface
Abnormal hyperintensity reaches the articular surface on
a single image
Globular wedge-shaped abnormal hyperintensity with no
extension to the articular surface
Abnormal hyperintensity extends to at least one articular
surface (superior or inferior) and is referred as a
deﬁnite meniscal tear.

MRI, magnetic resonance imaging.

IONA (6 patients; 4 medial repairs, 2 lateral repairs)
was completed (visualization only) at a mean of 5.9
months (SD 0.39 months) after the index surgery as
planned per the study protocol. Tears were not probed.
All 6 HCT repairs (100%) evaluated by IONA demonstrated complete healing, which was signiﬁcantly
greater than tears that demonstrated no or partial
healing (0%), based on criteria published by Morgan
et al.22 and Kanto et al.23 (Fig 2) (Fisher exact test; P ¼
.002). No repairs failed or demonstrated partially
healing. At ﬁnal follow-up, no patients had recurrence
of these symptoms or clinical evidence of retear.
Postoperative MRIs in 7 patients were completed at a
mean of 12.4 months (SD 0.88 months) per study
protocol to evaluate for HCT repair healing using
criteria set forth by Lotysch et al.21 On preoperative
MRI, 7 of 8 patients demonstrated grade III meniscal
signal changes and 1 patient demonstrated grade IIc
signal changes (Table 3). Grade IIc abnormalities
demonstrated on MRI as signal hyperintensity on
water-weighted sequences without extension to the
articular surface. These changes were accompanied by
meniscal extrusion (as deﬁned by greater than 3 mm of
peripheral margin meniscal tissue extension beyond the
external aspect of the tibia) this patient (Fig 3). On
postoperative MRI evaluation, 5 of 7 patients demonstrated grade III signal changes, 1 patient demonstrated
grade IIc changes, and 1 grade IIb changes. There was
Table 2. Demographical Data
No. Subjects
Sex
Male
Female
Mean age at surgery, y (SD)
Mean BMI (SD)
Percent medial HCT repair
Percent lateral HCT repair
Percent smoker
Mean follow-up, mo (SD)

8
5
3
32.1 (9.2)
25.4 (3)
50% (n ¼ 4)
50% (n ¼ 4)
12.5% (n ¼ 1)
27.8 (14.4)

BMI, body mass index; HCT, horizontal cleavage tear; SD, standard
deviation.
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Fig 2. Full-perspective (A) and
zoomed (B) views, respectively, of a
healed right knee lateral meniscus
horizontal cleavage tear repair in a
25-year-old male patient using inofﬁce needle arthroscopy 5.6
months after tear repair. Red arrows indicate areas of healing about
previous tear.

no signiﬁcant difference in the proportion of patients
with grade III changes preoperatively (7 of 8 patients)
compared with postoperatively (5 of 7 patients) (Fisher
exact test; P ¼ .57). One of 8 preoperative MRI studies
demonstrated evidence of meniscal extrusion whereas
none of the postoperative MRI studies demonstrated
meniscal extrusion (Fisher exact test; P ¼ .47).

Discussion
This study suggests that HCTs treated with circumferential compression sutures heal with a low failure
rate (0 failures at mean follow-up of 2.2 years) as
evaluated by IONA at 6 months. In addition, IONA
demonstrated valuable information in the evaluation of
postrepair healing status.
Previous studies have evaluated different modalities to
assess meniscus healing after surgical repair.7-9 These
include second-look arthroscopy, IONA, MRI, MR
arthrography (arthro-MRI), and CT arthrography
(arthro-CT).7-9,25,26 However, these studies have
demonstrated inconsistency in their ability to accurately
and reliably assess the healing process. For instance,
Almeida et al.27 evaluated meniscus repair healing after
outside-in repair on 8 patients using arthro-MRI, arthroCT, and MRI alone. They found that standard noncontrast
MRI demonstrated healing in 50% of their patients as
compared with a 75% rate of healing when using arthroCT or arthro-MRI. Other studies have also corroborated
the notion that MRI is suboptimal for the evaluation of
meniscus healing, demonstrating similar healing rates
when using routine noncontrast MRI.10,28,29 Second-look
arthroscopy remains the gold standard.
Interestingly, the repair of HCT has demonstrated good
outcomes despite the inconsistent ability to demonstrate
a healing response on MRI.28,30 It may be speculated
that ﬁbrous tissue associated with the healing process
may still appear as increased signal intensity on MRI,
although the present study is not designed to assess this.

Numerous studies evaluating second-look arthroscopy
have demonstrated that this modality yields important
and accurate information regarding meniscus healing
status.8,23,31 Tachibana et al.32 evaluated 62 longitudinal
or double longitudinal meniscus tears for healing using
second-look arthroscopy and documented a 74% complete healing rate and a 15% partial healing rate. Ahn
et al.33 evaluated healing of 11 patients’ (original cohort
n ¼ 34) HCT repairs (using vertical sutures with FASTFIX anchors (Smith & Nephew Endoscopy, Andover,
MA) with second-look arthroscopy at a mean of 45.6
months after repair and found complete healing in 73%
of patients, partial healing in 18% of patients, and
healing failure in 9% of patients. However, second-look
arthroscopy is not without drawbacks, including
increased costs from surgery and the usual risks associated with anesthesia and arthroscopic procedures. Data
exit in the literature to support the use IONA for diagnostic purposes in knees and procedures such as partial
meniscectomies.16,17,19,34 However, there is a lack of
information regarding the evaluation of healing after
HCT repair. The present study demonstrated a 100%
healing rate after repair using a circumferential
compression suture all-inside device.
At 6 months postoperatively, the IONA documented
excellent healing in all 6 patients with HCTs who
Table 3. Preoperative and Postoperative MRI Grade
Mean Outcome
Scores
Patient 1
Patient 2
Patient 3
Patient 4
Patient 5
Patient 6
Patient 7

Preoperative
Grade
3
3
3
3
2c
3
3

Postoperative
Grade
3
2b
3
3
3
2c
3

Pre-/Postextrusion
N/N
N/N
N/N
N/N
Y/N
N/N
N/N

N, no; MRI, magnetic resonance imaging; Y, yes.
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Fig
3. Sagittal
intermediateweighted fat-saturated (A) and
coronal intermediate-weighted fatsaturated (B) magnetic resonance
images of a 33-year-old female patient with a lateral meniscus horizontal cleavage tear before repair.
This abnormality is consistent with
grade 2c changes, globular wedgeshaped abnormal hyperintensity
with no extension to the articular
surface, with extrusion. Red arrows
indicate tear region.

underwent the procedure. Ogawa et al.30 demonstrated
poor healing as seen on MRI after HCT repair, which is
in line with the present study’s MRI data demonstrating
a poor healing response on MRI at 12 months postoperatively. However, Ogawa et al. also demonstrated
excellent clinical outcomes using Lysholm and Knee
Injury and Osteoarthritis Outcome Scores at a mean
follow-up of 35 months,30,35 and while the evaluation
of speciﬁc clinical outcomes scores was beyond the
scope of this study, our patients were noted to be
symptom-free at a mean follow-up of 27.8 months
postoperatively with no clinical failures. Thus, the
clinical success of this study is in-line with previous
published data and supports the repair of HCTs,
regardless of postoperative MRI ﬁndings. It should also
be noted that 1 patient in the current study did
demonstrate meniscal extrusion preoperatively; nevertheless, no extrusion was demonstrated on postrepair
MRI scans. There are data to suggest that unrepaired
meniscus HCTs may develop increased extrusion with
time, highlighting the importance of early repair of
these types of tears. When meniscus HCTs repaired
with all-inside circumferential compression sutures
reach a healed state between surgery and 6 months
postoperatively and what happens to the repairs at
long-term follow-up remains an interesting question
and an important area of future research.
Limitations
This study is not without limitations. First, the study is
underpowered to detect a clinically meaningful and signiﬁcant difference given its limited sample size and is
subject to type II error. An observed power of 10% was
calculated using methods described by Hoenig and Heisey.36 Only 8 patients were included in this study and
meaningful clinical conclusions and practice changing
recommendations likely require a larger sample size.
Furthermore, given only one surgeon performed all
meniscus repairs, the generalizability of results to a broader
community of orthopaedic surgeons remains limited.

Although the clinical follow-up data available are
relatively short term compared with other published
data, this was not the primary end point of this study;
rather, MRI and second-look arthroscopic evaluation of
healing were the primary endpoints. MRI assessment at
12 months and second-look arthroscopy at 6 months
postoperatively are in line with previously published
time-points for their evolution respectively. However, it
is possible that the promising results seen on IONA (6
months) are due to lower-level activity after repair and
the less reassuring results after MRI (12 months) may
be due to increased activity. In addition, second-look
arthroscopy was evaluated at a single time point.

Conclusions
Horizontal cleavage meniscal tears repaired with a
circumferential compression stitch demonstrate healing
on IONA 6 months after surgery. No evidence of incomplete or failed healing was found. MRI at 1 year after surgery demonstrated residual tear evidence for all patients.
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