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Purpose: This review explores the current literature regarding both the clinical indications and utility of minimally
invasive in-ofﬁce needle arthroscopy (IONA) relative to conventional imaging modalities. Methods: In compliance with
R-AMSTAR (Revised Assessment of Multiple Systematic Reviews) and PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-analyses) guidelines, 3 databases (MEDLINE, Embase, and PubMed) were searched in July 2018, in
addition to the conference abstract databases of 5 prominent meetings between 2013 and 2018, for studies using IONA for
diagnostic purposes. Study quality was assessed with the Methodological Index for Non-Randomized Studies (MINORS)
criteria. Results: Among 932 conference abstracts and 369 studies identiﬁed, 11 publications involving 404 patients (395
knees and 9 shoulders) were included, with 9 clinical studies and 2 cost analyses. The median Methodological Index for
Non-Randomized Studies (MINORS) score was 9 for noncomparative and 23 for comparative studies. Among the 9 clinical
studies, IONA had a superior sensitivity, speciﬁcity, positive predictive value, and negative predictive value to magnetic
resonance imaging (MRI) in the evaluation of knee osteoarthritis, anterior cruciate ligament insufﬁciency, and meniscal
tears. IONA was comparable or inferior to MRI in the same parameters for the diagnosis of osteochondral defects and
rotator cuff tears. In the 2 cost analyses, IONA had lower costs when used in place of MRI for treatment algorithms
involving medial meniscal tears and rotator cuff tears but not lateral meniscal tears. Conclusions: IONA holds potential
for cost savings and improved diagnostic accuracy relative to MRI, primarily for intra-articular meniscal, ligamentous, and
chondral defects of the knee. However, its current indications for use in other joints are limited to rotator cuff tears in the
shoulder, making its diagnostic value in other joints much more limited. The current quality and breadth of evidence are
signiﬁcantly lacking, with numerous practical shortcomings. To improve acceptance of IONA, priority should be placed on
establishing deﬁned protocols, indications, contraindications, and patient perspectives for the procedure. Level of Evidence: Level IV, systematic review of Level II, III, and IV studies.
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I

n addition to a history and physical examination, the
conﬁrmation of intra-articular pathology relies on a
combination of modalities, including plain radiographs,
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magnetic resonance imaging (MRI), and standard
arthroscopy, to name a few.1-3 In particular, MRI remains the gold standard for preoperative diagnosis and
characterization of soft-tissue derangements, providing
vital information regarding the necessity of operative
intervention and preoperative planning.4 Despite its
widespread use in this context, MRI does possess
several well-documented contraindications and limitations. Moreover, this modality often requires that
accurate identiﬁcation of intra-articular abnormalities
be facilitated by a trained musculoskeletal radiologist.4-6
As a result, multiple ofﬁce visits are often necessary for
each patient when considering his or her initial
consultation, completion of MRI, review of the results
with the surgeon, and eventual deﬁnitive management.
These logistic shortcomings, in the face of increasing
wait times and limited availability of MRI worldwide,
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further strain available resources and delay intervention. For example, in Ontario, Canada, the average time
between initial referral to an orthopaedic surgeon and
the date of operation ranges from 155 to 216 days for
knee arthroscopy and from 187 to 248 days for shoulder surgery (including arthroscopy)dinﬂuenced in
large part by the 35- to 96-day delay between consultation and performance of MRI.7,8 This duration is
naturally coupled with a presumed decreased level of
productivity and quality of life, in addition to potential
progression of the causative pathology itself.
In-ofﬁce needle arthroscopy (IONA) represents an
emerging diagnostic modality with promise to help address
these delays in patient care. In brief, the procedure involves
the insertion of a 14-gauge, high-deﬁnition arthroscope
into a joint to directly visualize the intra-articular space.9-11
Originally pioneered in the 1990s with similar equipment
and anesthetic requirements to arthroscopy, advances in
technology have made IONA a viable procedure in the
ofﬁce setting with the patient under local anesthetic
alone.11 Although the surgical instrumentation and anesthetic conditions afforded by the operating theater facilitate
a more thorough evaluation of articular structures, IONA
can provide the consultant with an on-demand view, in
the ofﬁce setting, highly akin to intraoperative views.3,12
Thus, IONA can be used alone to diagnose intra-articular
pathology and/or in conjunction with MRI to consolidate
equivocal ﬁndings. Beyond the diagnostic value of the
procedure, IONA may be advantageous to both the patient
and surgeon relative to imaging techniques. The similarity
of views between IONA and arthroscopy allows for
enhanced preoperative planning, potentially shortening
procedure times.12,13 Several cost analyses have projected
savings of up to U.S. $400 per person relative to MRI with
use of IONA in this context.3,13 However, despite these
apparent beneﬁts, IONA is not currently widely used
because of the limited comparisons to existing diagnostic
modalities in the literature, the lack of availability of the
technology, the learning curve of the procedure, a lack of
guidelines for use, and inconsistency with insurance
reimbursement.3,9-11,13
The purpose of this systematic review was to evaluate
the current literature regarding clinical indications for
using IONA, with a speciﬁc focus on elucidating its accuracy and costs relative to other diagnostic modalities.
We hypothesized that IONAdby nature of being able to
directly visualize intra-articular structuresdwould
outperform, from a diagnostic and cost-effective
standpoint, current MRI modalities.

Methods
Search Strategy
Three online databases (Embase, MEDLINE, and
PubMed) were searched from database inception to July
15, 2018, using an a priori search strategy. The following

Medical Subject Headings (MeSH) terms were used in the
search: “‘Arthrosc*’ AND ‘Diagnostic’ AND (‘In-ofﬁce’ OR
‘Needle’).” In addition, the conference abstracts between
2013 and 2018 from the American Academy of Orthopaedic Surgeons (AAOS); American Orthopaedic Society
for Sports Medicine (AOSSM); European Society of Sports
Traumatology, Knee Surgery & Arthroscopy (ESSKA);
and International Society of Arthroscopy, Knee Surgery &
Orthopaedic Sports Medicine (ISAKOS) were individually
searched for potential additional studies. The PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-analyses) and R-AMSTAR (Revised Assessment of
Multiple Systematic Reviews) guidelines were adhered to
in the development of this study, and Figure 1 illustrates
the search strategy used.14,15 The speciﬁc inclusion criteria
were (1) all levels of evidence, (2) human studies, (3)
studies written in English, (4) studies using IONA for
diagnostic purposes, and (5) studies reporting diagnostic
outcomes and/or costs of treatment. The speciﬁc exclusion
criteria were (1) cadaveric studies, (2) review articles or
book chapters, (3) studies using IONA for therapeutic
purposes, and (4) rheumatologic studies.
Study Screening
Two reviewers (K.Z., R.C.) independently screened titles, abstracts, and full texts of retrieved studies. Discrepancies at the title and abstract screening stages were
included through subsequent stages to ensure a thorough
review, with discrepancies at the full-text stage resolved
by consensus between reviewers. If consensus could not
be reached, a senior reviewer (D.dS.) was consulted for
resolution. The reference sections of included studies
were additionally screened to identify any studies that
were not identiﬁed in the initial search. Inter-reviewer
agreement for each stage of study screening was calculated with the k statistic, with values categorized a priori
as follows: k of 0.81 to 0.99 was considered almost perfect
agreement; k of 0.61 to 0.80, substantial agreement; k of
0.41 to 0.60, moderate agreement; k of 0.21 to 0.40, fair
agreement; and k of 0.20 or less, slight agreement.
Quality Assessment
Quality assessment of included nonrandomized
studies was completed using the Methodological Index
for Non-Randomized Studies (MINORS) criteria, with
maximum scores of 16 for noncomparative and 24 for
comparative studies.16 The levels of evidence of
included studies were assessed with the American
Academy of Orthopaedic Surgeons (AAOS) classiﬁcation system for the orthopaedic literature.17 The
average MINORS score across studies was calculated
and reported separately for noncomparative and
comparative studies. We considered a score of less than
10 to indicate poor quality for noncomparative studies;
10 to 13, moderate quality; and greater than 13, good
quality. For comparative studies, a score of less than 15
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Fig 1. PRISMA. (Preferred Reporting Items for Systematic Reviews and Meta-analyses) ﬂowchart showing screening of initial
title search and exclusions. The search was conducted on July 15, 2018. Screening was completed in duplicate by 2 independent
reviewers, with disagreements at the title and abstract screening stages advanced to the subsequent stage. Disagreements at the
full-text screening stage were brought to the senior author and resolved based on the senior author’s judgment. AAOS, American
Academy of Orthopaedic Surgeons; AOSSM, American Orthopaedic Society for Sports Medicine; ESSKA, European Society of
Sports Traumatology, Knee Surgery & Arthroscopy; ISAKOS, International Society of Arthroscopy, Knee Surgery & Orthopaedic
Sports Medicine.

was considered poor quality; 15 to 19, moderate quality; and greater than 19, good quality.
Data Abstraction
Relevant data from included articles were abstracted
into a Microsoft Excel (Microsoft, Redmond, WA)
spreadsheet. The standardized form included (1) study
design and characteristics (year, level of evidence,
country), (2) demographic data (joints involved, age,
sex, diagnostic modalities used, pathologies investigated), (3) diagnostic accuracy of included modalities,
(4) relative costs of diagnostic modalities, and (5) postprocedure complications with associated costs. All ﬁgures included were reported in U.S. dollars.
Statistical Analysis
Descriptive statistics, including frequencies, standard
deviations, and ranges, were calculated and presented
as appropriate for recorded data. Weighted means were
calculated across studies and stratiﬁed by treatment
approach. All statistics were calculated and ﬁgures were
created with use of GraphPad software (version 6;
GraphPad Software, La Jolla, CA). Because of heterogeneous and limited reporting, data could not be
combined in a meta-analysis, and all data were summarized descriptively according to the recommendations of Dhawan et al.18

Results
Demographic Characteristics
Among 932 conference abstracts and 369 studies identiﬁed in the initial search, a total of 11 articles involving
404 patients, with 395 knees and 9 shoulders, were
eligible for this study. Of these, 9 were clinical studies and
2 were cost analyses. Ten studies included knees alone,
whereas 1 study included both knees and shoulders. The k
value was nearly perfect at all stages of study screening
and is detailed in Figure 1. Across clinical studies, 5 used
the VisionScope Imaging System (VisionScope Technologies, Littleton, CO), 3 used the mi-eye 2 system (Trice
Medical, Malvern, PA), and 3 used an unspeciﬁed model
of needle arthroscope. The level of evidence across
included studies ranged from Level II to IV, with 6 Level
IV, 2 Level III, and 3 Level II studies. The median MINORS
score was 9 for noncomparative and 23 for comparative
studies, with 4 moderate-quality and 7 poor-quality
studies per our aforementioned deﬁnitions. In both
noncomparative and comparative studies, deﬁcits in MINORS scoring were primarily a lack of unbiased endpoint
evaluation, lack of prospective calculation of the sample
size, and lack of prospective data collection. Of note, no
speciﬁcation was made for morphology or type of
either rotator cuff tear or meniscal tear across included
studies (Table 1).
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Table 1. Study Demographic Characteristics, Needle Arthroscope Model, and Pathologies Investigated
Authors
Gill and Carroll19 (2013)
Xerogeanes et al.20 (2014)

Gill et al.21 (2018)

Ike and O’Rourke22 (1995)

Ike and O’Rourke23 (1993)

Voigt et al.12 (2014)*

West and Amin25 (2017)
Deirmengian et al.9 (2018)

Chapman and Amin10 (2018)

The beneﬁts of an in-ofﬁce arthroscopy in the
diagnosis of unresolved knee pain

Level of
Evidence
IV

MINORS
Score
NA (abstract)

No. of
Shoulders
9

No. of
Knees
36

Needle Arthroscope
Model
VisionScope
Imaging System
VisionScope
Imaging System

II

NA (abstract)

0

110

II

23

0

110

IV

9

0

20

NR

Osteoarthritis

IV

10

0

10

NR

IV
III (cost
analysis)

6
9

0
0

1
1,397,304

NR
VisionScope
Imaging System

Meniscal tear,
osteoarthritis,
synovial
abnormalities
Osteoarthritis
Meniscal tear

III (cost
analysis)

9

429,502

972,326

VisionScope
Imaging System

IV

10

0

1

mi-eye 2

II

20

0

106

mi-eye 2

IV

10

0

1

mi-eye 2

VisionScope
Imaging System

Pathologies
Investigated
NR
Meniscal tear

Meniscal tear,
osteoarthritis

Rotator cuff tear,
medial meniscal
tear
Meniscal tear,
osteoarthritis
Meniscal tear,
osteoarthritis,
intra-articular
loose body,
osteochondritis
dissecans, ACL
tear
Meniscal tear, ACL
tear,
osteochondral
defect

NOTE. All studies investigated either shoulder pathology or knee pathology or investigated a combination thereof. The pathologies investigated were limited to meniscal tears (medial and
lateral), osteoarthritis, synovitis, and rotator cuff tears in the included studies. Of the studies, 5 used the VisionScope Imaging System and 3 used the mi-eye 2 system as the choice of needle
arthroscope, with the remaining 3 not specifying the make and model of scope.
ACL, anterior cruciate ligament; MINORS, Methodological Index for Non-randomized Studies; NA, not applicable; NR, not reported.
*Data used from calendar years 2010 and 2013.
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O’Rourke and Ike24 (1994)
Voigt et al.13 (2014)*

Title
Cost-effective in-ofﬁce diagnostic imaging:
Visionscope versus MRI
A prospective multi-center clinical trial to
compare efﬁciency, accuracy and safety of the
Visionscope imaging system compared to MRI
and diagnostic arthroscopy
A prospective, blinded, multicenter clinical trial
to compare the efﬁcacy, accuracy, and safety
of in-ofﬁce diagnostic arthroscopy with
magnetic resonance imaging and surgical
diagnostic arthroscopy
Compartment-directed physical examination of
the knee can predict articular cartilage
abnormalities disclosed by needle arthroscopy
Detection of intraarticular abnormalities in
osteoarthritis of the knee. A pilot study
comparing needle arthroscopy with standard
arthroscopy
Diagnostic arthroscopy in the arthritis patient
Diagnostic needle arthroscopy and the
economics of improved diagnostic accuracy:
A cost analysis
In-ofﬁce diagnostic arthroscopy for knee and
shoulder intra-articular injuries its potential
impact on cost savings in the United States
In-ofﬁce arthroscopy for the evaluation of
chronic knee pain: A case report
Use of a small-bore needle arthroscope to
diagnose intra-articular knee pathology:
comparison with magnetic resonance
imaging
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Comparisons and Interpretation
Comparisons of percentage agreement, as reported
using the k statistic, between individual diagnostic
modalities were conducted in 5 studies. Comparison of
IONA to arthroscopy was performed in 5 studies; MRI
to arthroscopy, in 4; and IONA to MRI, in
2.9,12,13,20,21,23 Across 6 studies (248 patients), IONA
and arthroscopy results were interpreted by the same
orthopaedic surgeon. In 3 studies specifying the interpreting physician for MRI scans, the ﬁndings were
interpreted by musculoskeletal radiologists in 2 studies
(216 patients) and by the treating orthopaedic surgeon
in 1 study (1 patient). The magnet strength for the MRI
system was speciﬁed in 1 study (110 patients), at 1.5 T,
and no magnetic resonance arthrograms were used
across included studies.
Pathologies Investigated
Diagnostic accuracy was stratiﬁed by pathology in 8
clinical studies and abstracts, with 5 studies (338 patients) including knee meniscal tears; 6 (248 patients),
knee osteoarthritis; 2 (107 patients), anterior cruciate
ligament (ACL) tears; 2 (107 patients), osteochondral
defects; and 1 (10 patients), knee synovitis.9,10,19-21,23-25 Speciﬁc pathologies were also
described in the 2 cost analyses, with both including
knee meniscal tears and 1 including rotator cuff
tears12,13 (Table 1).
Percentage agreement for the diagnosis of meniscal
tears relative to arthroscopy was evaluated in 6 studies
(336 patients), ranging from 76.6% to 100% for IONA
and from 13.0% to 86.3% for MRI.9,12,13,20,21,23 Of the
2 studies comparing agreement between MRI and
IONA, 1 described agreement ranging from 11.2% to
54.6% across all meniscal tears.20 The other study reported separate degrees of agreement for lateral
(47.9%) and medial (42.9%) meniscal tears.21 Diagnostic accuracy relative to arthroscopy for meniscal
tears was evaluated in 5 studies (226 patients).9,12,13,21,23 The sensitivity of IONA ranged from
90.5% to 100%, and that of MRI ranged from 59.5% to
91.4%. The speciﬁcity of IONA ranged from 93.1% to
100%, and that of MRI ranged from 82.9% to 100%.
The positive predictive value (PPV) and negative predictive value (NPV) were reported in 4 studies, ranging
from 90.5% to 100% and from 88.2% to 93.2%,
respectively, for IONA and from 75.9% to 98.6% and
from 76.3% to 93.1%, respectively, for MRI9,12,13,21
(Table 2).
Percentage agreement for grading of osteoarthritis
relative to arthroscopy was evaluated in 3 studies (248
patients), ranging from 71% to 90.2% for IONA and
from 30.3% to 85.9% for MRI.9,21,23 One study evaluating agreement between IONA and MRI for patellofemoral arthritis reported 52.8% agreement.21
Diagnostic accuracy relative to arthroscopy for grading
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of osteoarthritis was evaluated in 3 studies (226 patients).9,21,23 The sensitivity of IONA ranged from
78.8% to 96.1%, and that of MRI ranged from 38.8%
to 78.8%. The speciﬁcity of IONA ranged from 94.1%
to 100%, and that of MRI ranged from 89.0% to 100%.
The PPV and NPV were reported in 2 studies (216 patients), ranging from 81.8% to 100% and from 84.9%
to 97.8%, respectively, for IONA, and from 76.5% to
96.3% and from 84.9% to 96.0%, respectively, for
MRI9,21 (Table 2).
Percentage agreement for the diagnosis of ACL
insufﬁciency relative to arthroscopy was reported in 1
study (106 patients) as 100% for IONA and 91.6% for
MRI.9 Diagnostic accuracy relative to arthroscopy for
ACL tears was reported in 1 study (106 patients).9 The
sensitivity of IONA was 100%, and that of MRI was
87.5%.9 The speciﬁcity of IONA was 100%, and that of
MRI was 96.7%. The PPV and NPV were reported in 1
study (106 patients) as 100% and 100%, respectively,
for IONA and 82.4% and 97.8%, respectively, for MRI
(Table 2).
Percentage agreement for the diagnosis of osteochondral defects relative to arthroscopy was reported in
1 study (106 patients) as 98.1% for IONA and 91.6%
for MRI.9 Diagnostic accuracy relative to arthroscopy
for osteochondral defects was reported in 1 study (106
patients).9 The sensitivity of IONA was 80%, and that of
MRI was 50%. The speciﬁcity of IONA was 100%, and
that of MRI was 95.9%. The PPV and NPV were reported in 1 study (106 patients) as 100% and 98.0%,
respectively, for IONA and 55.6% and 94.9%, respectively, for MRI9 (Table 2).
Percentage agreement for the diagnosis of intraarticular loose bodies relative to arthroscopy was reported in 1 study (106 patients) as 98.0% for IONA and
88.2% for MRI.9 Diagnostic accuracy relative to
arthroscopy for intra-articular loose bodies was reported in 1 study (106 patients).9 The sensitivity of
IONA was 86.5%, and that of MRI was 20%. The
speciﬁcity of IONA was 100%, and that of MRI was
100%. The PPV and NPV were reported in 1 study (106
patients) as 100% and 97.8%, respectively, for IONA
and 100% and 87.9%, respectively, for MRI9 (Table 2).
Percentage agreement for the diagnosis of rotator cuff
tears relative to arthroscopy was reported in 1 cost
analysis as 88.5% for MRI.12 Diagnostic accuracy relative to arthroscopy for rotator cuff tears was reported in
1 cost analysis for MRI, with sensitivity reported as
85.5% and speciﬁcity, 90.4% (Table 2).12 Diagnostic
accuracy of IONA relative to arthroscopy for knee synovitis was reported in 1 study (10 patients), with
sensitivity of 71.0% and speciﬁcity of 100% (Table 2).23
Relative Costs
The cost savings of IONA relative to MRI as a diagnostic modality were evaluated in 3 studies comprising

Authors
Xerogeanes
et al.20
(2015)

Ike and
O’Rourke23
(1993)

Voigt et al.13
(2014)

Gill et al.21
(2018)

Deirmengian
et al.9
(2018)

Diagnostic needle arthroscopy
and the economics of improved
diagnostic accuracy: A cost
analysis*
In-ofﬁce diagnostic arthroscopy
for knee and shoulder intraarticular injuries its potential
impact on cost savings in the
United Statesy
A prospective, blinded,
multicenter clinical trial to
compare the efﬁcacy, accuracy,
and safety of in-ofﬁce
diagnostic arthroscopy with
magnetic resonance imaging
and surgical diagnostic
arthroscopy

Use of a small-bore needle
arthroscope to diagnose intraarticular knee pathology:

Meniscal tear: 90% sensitivity, 100% speciﬁcity, 100%
agreement
Osteoarthritis: 89% sensitivity, 100% speciﬁcity, 71%
agreement
Synovitis: 71% sensitivity, 100% speciﬁcity, 36%
agreement
Medial meniscus: 98.6% PPV, 88.2% NPV, 94.4%
sensitivity, 96.7% speciﬁcity, 93.2% agreement
Lateral meniscus: 90.5% PPV, 93.1% NPV, 90.5%
sensitivity, 93.1% speciﬁcity, 92.0% agreement
NR

Diagnostic Accuracy of MRI vs Standard Arthroscopy
13.0%-53.5% agreement

NR

Medial meniscus: 78.8% PPV, 64.7% NPV, 81.3%
sensitivity, 61.1% speciﬁcity, 74% agreement
Lateral meniscus: 69.0% PPV, 85.5% NPV, 66.7%
sensitivity, 86.4% speciﬁcity, 80.3% agreement
Medial meniscus: 83.2% PPV, 90.1% NPV, 91.4%
sensitivity, 81.1% speciﬁcity, 86.3% agreement
Rotator cuff tear: 84.7% PPV, 91.0% NPV, 85.5%
sensitivity, 90.4% speciﬁcity, 88.5% agreement

Medial femoral cartilage: 94.2% PPV, 96.0% NPV,
96.1% sensitivity, 94.1% speciﬁcity, 90.2%
agreement
Medial tibial cartilage: 87.5% PPV, 95.7% NPV, 87.5%
sensitivity, 95.7% speciﬁcity, 83.2% agreement
Medial meniscus: 98.6% PPV, 88.2% NPV, 94.4%
sensitivity, 96.7% speciﬁcity, 88.8% agreement
Lateral femoral cartilage: 81.8% PPV, 94.8% NPV,
81.8% sensitivity, 94.8% speciﬁcity, 76.6%
agreement
Lateral tibial cartilage: 95.0% PPV, 84.9% NPV, 82.6%
sensitivity, 95.7% speciﬁcity, 78.5% agreement
Lateral meniscus: 90.5% PPV, 93.1% NPV, 90.5%
sensitivity, 93.1% speciﬁcity, 83.6% agreement
Patellofemoral cartilage: 96.3% PPV, 87.9% NPV,
78.8% sensitivity, 98.1% speciﬁcity, 79.5%
agreement

Medial femoral cartilage: 85.5% PPV, 65.9% NPV,
75.8% sensitivity, 78.4% speciﬁcity, 52.2%
agreement
Medial tibial cartilage: 80.0% PPV, 59.7% NPV,
40.8% sensitivity, 89.6% speciﬁcity, 30.3%
agreement
Medial meniscus: 78.8% PPV, 64.7% NPV, 81.3%
sensitivity, 61.1% speciﬁcity, 42.9% agreement
Lateral femoral cartilage: 74.2% PPV, 73.4% NPV,
57.5% sensitivity, 85.5% speciﬁcity, 44.3%
agreement
Lateral tibial cartilage: 76% PPV, 55.9% NPV, 38.8%
sensitivity, 86.4% speciﬁcity, 24.5% agreement
Lateral meniscus: 69.0% PPV, 85.1% NPV, 66.7%
sensitivity, 86.4% speciﬁcity, 53.5% agreement
Patellofemoral cartilage: 88.6% PPV, 61.4% NPV,
69.6% sensitivity, 84.4% speciﬁcity, 50.0%
agreement

Medial meniscal tear: 100% PPV, 92.1% NPV, 95.8%
sensitivity, 100% speciﬁcity, 97.2% agreement
Lateral meniscal tear: 100% PPV, 93.2% NPV, 86.5%
sensitivity, 100% speciﬁcity, 95.3% agreement

Medial meniscal tear: 91.2% PPV, 76.3% NPV,
87.3% sensitivity, 82.9% speciﬁcity, 85.9%
agreement
Lateral meniscal tear: 75.9% PPV, 80.5% NPV,

Diagnostic Accuracy
of Needle
Arthroscopy vs MRI
11.2%-54.6%
agreement

NR

NR

NR

Medial femoral
cartilage: 54.6%
agreement
Medial tibial
cartilage: 33.0%
agreement
Medial meniscus:
42.9% agreement
Lateral femoral
cartilage: 11.2%
agreement
Lateral tibial
cartilage: 24.5%
agreement
Lateral meniscus:
47.9% agreement
Patellofemoral
cartilage: 52.8%
agreement

(continued)
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Voigt et al.12
(2014)

Title
A prospective multi-center clinical
trial to compare efﬁciency,
accuracy and safety of the
Visionscope imaging system
compared to MRI and
diagnostic arthroscopy
Detection of intraarticular
abnormalities in osteoarthritis
of the knee. A pilot study
comparing needle arthroscopy
with standard arthroscopy

Diagnostic Accuracy of Needle Arthroscopy vs
Standard Arthroscopy
76.6%-90.2% agreement
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Table 2. Diagnostic Accuracy of Individual Diagnostic Modalities Used

NOTE. Agreement was deﬁned as concordance between diagnostic modalities for identiﬁcation and, if applicable, grading of pathology speciﬁed. PPV, NPV, sensitivity, and speciﬁcity for both
MRI and needle arthroscopy were obtained from literature values in appropriate studies.
ACL, anterior cruciate ligament; MRI, magnetic resonance imaging; NPV, negative predictive value; NR, not reported; PPV, positive predictive value.
*Data used from calendar years 2010 and 2013.
y
Data used from calendar year 2012.

Title
Comparison with magnetic
resonance imaging
Authors

Table 2. Continued

Diagnostic Accuracy of Needle Arthroscopy vs
Standard Arthroscopy
Intra-articular loose body: 100% PPV, 97.8% NPV, 86.7%
sensitivity, 100% speciﬁcity, 98.0% agreement
Osteoarthritis: 100% PPV, 97.3% NPV, 93.9% sensitivity,
100% speciﬁcity, 98.1% agreement
Osteochondritis dissecans: 100% PPV, 98.0% NPV, 80%
sensitivity, 100% speciﬁcity, 98.1% agreement
ACL tear: 100% PPV, 100% NPV, 100% sensitivity, 100%
speciﬁcity, 100% agreement

Diagnostic Accuracy of MRI vs Standard Arthroscopy
59.5% sensitivity, 89.9% speciﬁcity, 79.3%
agreement
Intra-articular loose body: 100% PPV, 87.9% NPV,
20% sensitivity, 100% speciﬁcity, 88.2%
agreement
Osteoarthritis: 76.5% PPV, 90.3% NPV, 78.8%
sensitivity, 89.0% speciﬁcity, 85.9% agreement
Osteochondritis dissecans: 55.6% PPV, 94.9% NPV,
50% sensitivity, 95.9% speciﬁcity, 91.6%
agreement
ACL tear: 82.4% PPV, 97.8% NPV, 87.5% sensitivity,
96.7% speciﬁcity, 95.3% agreement

Diagnostic Accuracy
of Needle
Arthroscopy vs MRI
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1 abstract and 2 cost analyses.12,13,24 The included
abstract reported savings of $1,028 per patient for use
of IONA over MRI in the diagnosis of shoulder and
knee pathology, although speciﬁc conditions and cost
breakdowns were not speciﬁed in this study19
(Table 3).
Two studies were cost analyses that used cost data
for a given calendar year based on a predetermined
diagnostic and treatment algorithm for MRI and then
extrapolated these data to project IONA costs in place
of MRI based on literature values of diagnostic accuracy.12,13 Total costs calculated in these studies
comprised the sum of costs for orthopaedic consultation, appropriate diagnostic evaluation (plain radiographs in addition to either MRI or IONA), and
treatment based on ﬁndings (operative or conservative
management). Both studies investigated medial
meniscal tear diagnosis and treatment, with total costs
per patient ranging from $2,541 to $2,871 for IONA
and from $3,026 to $3,575 for MRI. This translated
into overall cost savings ranging from $171 to $184
per patient for IONA relative to MRI. Treatment in
both studies assumed a combination of arthroscopic
meniscectomy and orthopaedic follow-up for positive
ﬁndings and a combination of 2 weekly physiotherapy
sessions over a 6-week period and orthopaedic followup for negative ﬁndings (Table 3).
Relative costs for the diagnosis and subsequent
treatment of lateral meniscal tears using MRI or IONA
were reported in 1 cost analysis.13 Overall costs per
patient were reported as $2,198 and $2,132 for IONA
and MRI, respectively. This translated into a relative
cost increase of $66 per patient for use of IONA
compared with MRI (Table 3).
Relative costs for the diagnosis and subsequent
treatment of rotator cuff tears between MRI and IONA
were reported in the remaining cost analysis.12 Overall
costs per patient were reported as $3,290 and $3,118
for MRI and IONA, respectively. This translated into
cost savings of $172 per patient for use of IONA
compared with MRI (Table 3).
Complications
Projected complications of IONA along with associated costs were reported in the 2 cost analyses.12,13
The complication rate of IONA was assumed to be
approximately half that of knee arthroscopy in 1 study
because only 1 portal site was used,13 and it was
assumed to be similar to that of shoulder or knee
arthrocentesis in another study because a similar
caliber of needle was used in both interventions.12
Estimates for the former study were as follows:
0.15% rate of reoperation for any cause, 0.095% rate
of venous thromboembolism, 0.06% rate of deep vein
thrombosis, and 0.005% rate of infection.13 The costs
of these complications per patient were estimated at
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Table 3. Cost Comparisons Between Use of Needle Arthroscopy or MRI for Diagnosis of Various Conditions in Shoulder or Knee
Cost Parameter, $

Authors
Voigt et al.13 (2014)

Gill and Carroll19 (2013)

In-ofﬁce diagnostic
arthroscopy for knee and
shoulder intra-articular
injuries its potential
impact on cost savings in
the United Statesy

Cost-effective in-ofﬁce
diagnostic imaging:
Visionscope versus MRI

Cost per Patient
MMT with MRI: 3,575
(community) and 3,529
(academic)

Cost per Complication
MMT with MRI: 72
(community) and 72
(academic)

Total Cost
MMT with MRI:
2,718 million
(community) and
2,682 million
(academic)
MMT with VSI:
2,541
(community) and
2,559 (academic)

MMT with VSI: 3,342
(community) and 3,365
(academic)

MMT with VSI: 45
(community) and 43
(academic)

LMT with MRI: 2,087
(community) and 2,132
(academic)

LMT with MRI: 72
(community) and 72
(academic)

LMT with VSI: 2,110
(community) and 2,285
(academic)

LMT with VSI: 40
(community) and 39
(academic)

MMT with SOC: 3,026

MMT with SOC: 72

MMT with SOC:
2,943 million

MMT with VSI: 2,871

MMT with VSI: 43

RCT with SOC: 3,290

RCT with SOC: 146

RCT with VSI: 3,118

RCT with VSI: 92

MMT with VSI: 151
million
RCT with SOC:
1,438
RCT with VSI: 1,379

LMT with MRI:
1,329
(community) and
1,358 (academic)
LMT with VSI:
1,343
(community) and
1,455 (academic)

Cost Difference

MMT (MRI vs VSI):
e177 million
(community) and
e115 million
(academic)

LMT (MRI vs
VSI): þ14 million
(community)
and þ95 million
(academic)

K. ZHANG ET AL.

Voigt et al.12 (2014)

Title
Diagnostic needle
arthroscopy and the
economics of improved
diagnostic accuracy: A
cost analysis*

Savings of Using
VSI Over MRI
per Patient

MMT (SOC vs VSI):
151 million

RCT (SOC vs
VSI): 59
1,028

NOTE. Overall costs were calculated using cost data from the calendar year from which the volume of conducted procedures was extracted, in conjunction with literature values of diagnostic
accuracy for MRI and/or needle arthroscopy relative to standard diagnostic arthroscopy. On the basis of whether a diagnostic procedure was projected to produce a positive or negative result
for a given pathology, a standardized treatment algorithm was followed involving combinations of further diagnostic procedures, operative intervention, and conservative management to
calculate costs per patient.
LMT, lateral meniscal tear; MMT, medial meniscal tear; MRI, magnetic resonance imaging; RCT, rotator cuff tear; SOC, standard of care; VSI, VisionScope Imaging System.
*Data used from calendar years 2010 and 2013.
y
Data used from calendar year 2012.
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$44 for the diagnosis of medial meniscal tears and
$39.50 for the diagnosis of lateral meniscal tears. In the
latter study, projected complications included reoperation for any cause at a rate of 0.01%. The costs of said
complications per patient were projected at $43 for use
in the diagnosis of medial meniscal tears and $92 for
use in the diagnosis of rotator cuff tears.12 Across the
remaining studies, there were no reports of complications or adverse events associated with IONA use
(Table 4).
Patient-Reported Outcomes
All clinical studies reported good patient tolerance of
IONA. However, across included studies, no data on
subjective patient experience or perceptions regarding
IONA were reported.

Discussion
The key ﬁndings of this systematic review are that, in
terms of percentage agreement with and diagnostic
accuracy compared with arthroscopy, IONA is comparable or potentially superior to intermediate-ﬁeld MRI
for knee osteoarthritis across all compartments, medial
and lateral meniscal tears, ACL insufﬁciency, and intraarticular loose bodies. However, this modality is likely
inferior or lacks adequate evidence in comparison to
MRI for the diagnosis of osteochondral defects and rotator cuff tears. Preliminary cost analyses suggest that
IONA may provide cost savings compared with MRI for
the workup of medial meniscal tears and rotator cuff
tears but not lateral meniscal tears. Finally, no major or
minor complications or adverse events are reported
with the use of this minimally invasive technique. As
such, there is literature support, albeit limited, for the
use of IONA in the diagnosis and characterization of
certain knee pathologies.
Although this review did aim to identify current indications for IONA use, the scope of the current literature is quite narrow, with only 1 study commenting on
use in the shoulder and most studies focusing on
meniscal tears and osteoarthritis of the knee. This creates substantial difﬁculty in commenting on the utility
of IONA for other conditions within the knee and, even
more so, other joints. This narrow scope may be related
to the impracticality of IONA in deeper joints requiring
manipulation such as the shoulder and hip.26,27
The apparently promising results of existing cost analyses of IONA use should be considered quite preliminary, owing to limited published data on diagnostic
accuracy of IONA and thus uncertainty in the validity of
these apparently lower costs. Furthermore, although
there are absolute monetary cost savings described in
both cost analyses, it is difﬁcult to evaluate whether
these savings are substantial enough to justify replacing
MRI with IONA use in this context or other health care
systems. Despite IONA often being touted to provide
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time savings and reductions in patient stress, no formal
investigations have been performed to date regarding
patient experience and satisfaction with the use of
IONA or whether the technology expedites time to
surgery.10,25 These shortcomings are unavoidable until
other health technology analyses can be performed,
evaluating the relative impact of IONA on health
careeassociated costs, patient productivity, and qualityadjusted life-years.
Beyond the features highlighted in this review, IONA
has several practical aspects that may facilitate the
workup of joint-related pain. A shortcoming of the high
level of imaging detail provided by MRI is the degree of
false-positive results in musculoskeletal pathology.28-33
These confounding ﬁndings may result in overtreatment decisions.10,31 The similarity between views
obtained in IONA and arthroscopy allows for the development of an operative plan with greater certainty, with
potential cost savings derived from decreased complication rates and operative times.12,13 In conjunction with
diagnostic intra-articular injections of local anesthetic,
IONA allows for direct visualization of injectate, minimizing the possibility of false-positive results due to
periarticular injection.34-37 Previous studies have supported the utility of second-look arthroscopy as a superior tool to postoperative MRI in the evaluation of
ligamentous, meniscal, or chondral healing after repair
and/or graft transplantation.38-41 Should the views
obtainable in IONA truly parallel those obtained in the
operating room, the procedure offers an alternative to
second-look arthroscopy in these scenarios while
avoiding the risks associated with a repeated operation.42
Finally, patients with contraindications to MRI,
including the presence of aneurysm clips or implanted
pacemakers and/or claustrophobia, are offered an
alternative modality boasting comparable diagnostic
value in the form of IONA.5
The established role of MRI in diagnostic algorithms for
joint pathology is a signiﬁcant barrier to routine use of
IONA.1,2,4,6 The indications, contraindications, and
complication proﬁles of the use of IONA in musculoskeletal pathology are either poorly established or absent
in the literature. Although our review does discuss the
comparable diagnostic value of IONA to arthroscopy,
neither holds the ability to evaluate extra-articular
structures that may also be contributing to disease. This
is of importance for patients with concomitant intraarticular and periarticular soft-tissue pathology, with
lack of recognition of the former leading to inappropriate
prioritization and overall management of the pathologies as a whole. The indispensability of MRI in such
scenarios further limits the number of situations in
which the use of IONA alone may be sufﬁcient to
establish an adequate management plan.
Although IONA has been touted to provide similar
diagnostic information to arthroscopy, the differences
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Table 4. Complications, Incidence, and Associated Costs of Management
Complications, Incidence, and Cost
Title
Diagnostic needle
arthroscopy and
the economics of
improved
diagnostic
accuracy: A cost
analysis*

Voigt et al.12
(2014)

In-ofﬁce diagnostic
arthroscopy for
knee and
shoulder intraarticular injuries
its potential
impact on cost
savings in the
United Statesy

Diagnostic Knee Arthroscopy
Reoperation: 0.30% (3/1,000)
Lavage and drainage: $521.91-$2,111.62
VTE: 0.19% (1.9/1,000)
12 mo txt: $14,865
DVT: 0.12% (1.2/1,000)
12 mo txt: $14,865
PE: 0.08% (0.8/1,000)
12 mo txt: $22,900
Reoperation: 0.30% (3/1,000)
Lavage and drainage: $521.91-$2,111.62
VTE: 0.19% (1.9/1,000)
12 mo txt: $14,865
DVT: 0.12% (1.2/1,000)
12 mo txt: $14,865
PE: 0.08% (0.8/1,000)
12 mo txt: $22,900

Diagnostic Shoulder Arthroscopy
NR

VTE: 0.038% (0.4/1,000)
12 mo txt: $14,865
DVT: 0.029% (0.3/1,000)
12 mo txt: $14,865
PE: 0.01% (0.2/1,000)
12 mo txt: $22,900
Arthroﬁbrosis: 1% (10/1,000)
Lysis of adhesions: $594.38-$3,880.22
Repeated surgical intervention: 0.6% (6/1,000)
Rotator cuff repair: $1,086.35-$3,880.22
Deep infection: 0.2% (2/1,000)
Postoperative infection txt: $5,665
Biceps tendon rupture: 0.2% (2/1,000)
Major shoulder or elbow procedure: $11,621

Needle Arthroscopy
Reoperation: 0.25% (2.5/1,000)
Lavage and drainage: $521.91-$2,111.62
VTE: 0.95% (0.95/1,000)
12 mo txt: $14,865
DVT: 0.06% (0.6/1,000)
12 mo txt: $14,865
PE: 0.04% (0.4/1,000)
12 mo txt: $22,900
Reoperation: 0.01% (1/10,000)
Lavage and drainage: $521.91-$2,111.62

NOTE. Literature values for complication rates are listed for each diagnostic modality used. Costs are based on the recommended treatment protocol for each complication for a given calendar
year.
DVT, deep vein thrombosis; NR, not reported; PE, pulmonary embolism; txt, treatment; VTE, venous thromboembolism.
*Data from calendar years 2010 and 2013 were used. The complication rate of needle arthroscopy was assumed to be approximately half that of diagnostic knee arthroscopy because of the
use of only 1 port compared with 2 ports.
y
Data from calendar year 2012 were used. The rates of complications seen in needle arthroscopy were assumed to be approximately half that of rates seen in arthrocentesis, with an identical
complication proﬁle. This assumption was made due to the two procedures utilizing similar technique and calibre of needle.

K. ZHANG ET AL.

Authors
Voigt et al.13
(2014)
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in tools and conditions between IONA and arthroscopy
make obtaining adequate visualization more challenging with the former. IONA lacks variability in scope
length and angle compared with arthroscopy, which
limits its ability to acquire an adequate view in patients
of varying body habitus and in joints difﬁcult to assess
with a 0 camera.43-46 Although IONA is capable of
navigating smaller joint spaces at baseline, navigation of
degenerative and deformed joints may prove more
challenging without the tools and assisted devices
available during arthroscopic surgery.11,42,47,48 The
ability to manipulate intra-articular elements during
arthroscopy is invaluable in characterizing dynamic lesions and navigating potential obstructions such as with
a bucket-handle meniscal tear.48-50 Finally, because
IONA is conducted with local anesthetic alone, options
to improve visualization during the procedure,
including altering intraoperative blood pressure, performing joint manipulation, and altering the degree of
joint distension, are not practical.43,51,52
Despite IONA’s theoretical similarities to arthroscopy,
its implementation as a technology does necessitate
substantial training and ﬁnancial investment. In
particular, the amount of training required, learning
curve of the technology, and sources of ﬁnancial
coverage for the patient require further exploration in
the context of IONA. Overall, a combination of
increased costs to the surgeon, logistic uncertainties,
lack of widespread availability, and previously
described technical limitations contribute to limited
acceptance of this modality in its current state.
Limitations
The ﬁndings of this review supporting the beneﬁts
and utility of IONA should be interpreted with caution
because of the limited scope, heterogeneous reporting
among studies, and overall low quality of evidence.
Furthermore, the limited population sizes of most
studies currently in the literature, coupled with a lack of
prospective and comparative studies, make for difﬁculty
in establishing substantial conclusions or recommendations. Although minimal complications were projected by the included cost analyses, the small sample
sizes of the clinical studies in this review necessitate
further exploration of complication rates with use of
IONA. One of the main concerns regarding the reported
diagnostic accuracy of IONA throughout this review is
the risk of conﬁrmation bias with a single reader for
both IONA and arthroscopy, which was the case in all
included clinical studies. This is compounded by the fact
that MRI scans in most included studies were read by a
separate physician, likely contributing to the relatively
lower reported diagnostic accuracy and low degree of
agreement. Objective evaluation of such results will be
crucial in future studies to fully elucidate the relative
utility of IONA as a diagnostic tool. Moreover,

variability in the quality of MRI studies exists based on
the presence of intra-articular contrast, as well as
magnet strength, whichdalthough not explored in this
reviewdare critical factors to consider in comparing the
diagnostic utility of IONA relative to MRI.53 Notably,
the current literature does not report on patient expectations and perspectives surrounding the use of
IONA. Given the invasiveness of this technology relative to imaging procedures, patient buy-in is certainly
an area requiring exploration in future studies. Ultimately, these methodologic oversights in the current
body of literature likely lend to an overstatement of the
potential diagnostic value of IONAdat least in these
early stages.

Conclusions
IONA holds potential for cost savings and improved
diagnostic accuracy relative to MRI, primarily for intraarticular meniscal, ligamentous, and chondral defects of
the knee. However, its current indications for use in
other joints are limited to rotator cuff tears in the
shoulder, making its diagnostic value in other joints
much more limited. The current quality and breadth of
evidence are signiﬁcantly lacking, with numerous
practical shortcomings. To improve acceptance of
IONA, priority should be placed on establishing deﬁned
protocols, indications, contraindications, and patient
perspectives for the procedure.
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