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Background: Diagnostic needle arthroscopy offers an alternative imaging modality to magnetic resonance imaging (MRI) for the
diagnosis of intra-articular pathology.

Purpose: To compare the accuracy of a needle arthroscopy device (Mi-eye2) versus MRI in identifying intra-articular anatomic
abnormalities in the glenohumeral joint, with formal arthroscopy as the gold standard.

Study Design: Cohort study; Level of evidence, 2.

Methods: A total of 22 patients underwent diagnostic needle arthroscopy of the shoulder, of whom 20 had preoperative MRI
scans. A standardized 12-point noninstrumented diagnostic arthroscopy was performed on each patient using the 0� needle
arthroscope, followed by a 30�, 4 mm–diameter conventional arthroscope. Intraoperative images were randomized and reviewed
by 2 independent blinded fellowship-trained shoulder surgeons for identification of key pathology and anatomic structures. The
MRI scans were reviewed by a single musculoskeletal radiologist to identify pathology in the same key areas.

Results: For the identification of rotator cuff pathology, needle arthroscopy (sensitivity, 0.75; specificity, 1.00) was superior to MRI
(sensitivity, 0.75; specificity, 0.75) with an interobserver reliability (k) of 0.703. For long head of the biceps pathology, needle
arthroscopy (sensitivity, 0.67; specificity, 0.95) was superior to MRI (sensitivity, 0.00; specificity, 0.83). It was less accurate for
labral (sensitivity, 0.33; specificity, 0.50; k ¼ 0.522) and articular cartilage pathology (sensitivity, 0.00; specificity, 0.94; k ¼ 0.353).
The number of anatomic structures that could be clearly identified was 8.35 of 12 (69.58%) for needle arthroscopy versus 10.35 of
12 (86.25%) for standard arthroscopy.

Conclusion: Diagnostic needle arthroscopy was found to be more accurate than MRI for the diagnosis of rotator cuff and long
head of the biceps pathology but was less accurate for diagnosing labral and cartilage pathology. Although the field of view of a
0� needle arthroscope is not equivalent to a 30� conventional arthroscope, it presents an alternative with potential for use in an
outpatient setting.
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The development of in-office diagnostic needle arthroscopy
has the potential to revolutionize the surgeon-patient inter-
action, permitting a point-of-contact comparison of clinical
findings with joint visualization. Diagnostic arthroscopy is
the gold standard for intra-articular assessment, allowing
direct and dynamic visualization of anatomic structures.
However, it is invasive, requires the use of general and/or
regional anesthesia, and is time- and resource-consuming.9

Thus, it is most frequently performed after advanced
imaging, with a therapeutic aim.

Magnetic resonance imaging (MRI) is a noninvasive
advanced imaging modality that is of increasing use for
conditions of the shoulder. Its accuracy is well established
for a number of intra-articular pathologies, including full-
thickness rotator cuff tears and labral lesions.5,6 However,
it is contraindicated in some patients (eg, claustrophobia,
implanted medical devices). Computed tomography arthro-
graphy offers an alternative but exposes patients to risks of
ionizing radiation and contrast media. Furthermore, these
are both static imaging modalities and are often associated
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with an increased waiting time (dependent on local health
care provision).

Needle arthroscopy has been developed as a minimally
invasive dynamic investigation that can be performed
alongside initial clinical assessment. A number of studies
have demonstrated the accuracy of such devices in the
knee.2,12 There is only 1 previous report assessing the accu-
racy of this technology in the glenohumeral joint, revealing
high specificities, although moderate sensitivities, for cer-
tain intra-articular pathologies, including full-thickness
cuff tears and labral tears.11

The aim of this study was to assess the accuracy
(including sensitivity, specificity, positive predictive
value [PPV], and negative predictive value [NPV]) of
needle arthroscopy in the glenohumeral joint, with the
use of formal arthroscopy as the comparative gold stan-
dard. We hypothesized that needle arthroscopy would
allow equivalent identification of intra-articular gleno-
humeral pathology (ie, anatomic abnormalities) when
compared with MRI.

METHODS

Patients

Ethics approval for the study protocol was waived by the
local research governance department. Twenty-two
patients (7 female, 15 male; age range, 16-84 years) were
prospectively recruited over a 2-year period. All patients
were scheduled to undergo therapeutic arthroscopy for a
range of indications.

All 22 patients underwent needle arthroscopy, fol-
lowed by formal arthroscopy with subsequent therapeu-
tic intervention (eg, rotator cuff repair). Twenty of the
patients had undergone 1.5-T MRI scanning before
arthroscopy.

Needle Arthroscopy Device

The Mi-eye2 system (Trice Medical) consists of a disposable
handpiece with a light source and 0� camera, connected to a
computer tablet device. The handpiece contains a sharp
arthroscopy needle, with a 14-gauge outer sheath that is
retractable upon joint entry, allowing for the deployment
of the camera and light source. The attached Luer lock port
can be connected to a syringe for injection of saline into the
joint via the needle. Static images and video are recorded on
the tablet and can be exported to a universal serial bus
storage device.

Diagnostic Procedure

Diagnostic needle arthroscopy was performed in the oper-
ating theater, before formal arthroscopy, by the senior
author (H.C.). All patients were under general anesthesia
and interscalene regional nerve block in a beach-chair posi-
tion with in-line variable traction.

The sterile camera from the Mi-eye2 system was con-
nected to the nonsterile tablet, placed outside the surgical
field on a Mayo table in view of the operating surgeon. The
needle arthroscope was introduced into the glenohumeral
joint via a standard posterior viewing portal, after which
the sharp entry sheath was retracted and sterile saline
(30-60 mL) injected to improve safety and visualization.

Standardized 12-point diagnostic arthroscopy was per-
formed on each patient, with static images recorded in
each position (Figure 1). The positions were as follows:
(1) biceps anchor, (2) long head of the biceps tendon, (3) long
head of the biceps in the sheath/groove, (4) long head of
the biceps pulley and subscapularis, (5) supraspinatus,
(6) infraspinatus/bare area, (7) inferior recess, (8) posterior
labrum, (9) glenoid, (10) humeral head, (11) anteroinferior
labrum, and (12) rotator interval (including middle gleno-
humeral ligament).

The primary surgeon then proceeded to formal arthros-
copy using a standard 30�, 4 mm–diameter conventional
arthroscope. The same 12-point diagnostic routine was
performed, with static images recorded of each anatomic
landmark.

Image Assessment

The image sets from both the Mi-eye2 device and formal
arthroscopy were anonymized and randomized. They were
then reviewed by 2 independent blinded fellowship-trained
shoulder surgeons (I.M., A.N.). They were asked to input
binary data (yes/no responses) for adequate visualization
(identification of anatomy) of the 12 anatomic positions and
for identification of pathology in 5 key areas (rotator cuff,
labrum, long head of the biceps, articular cartilage, and
rotator interval). The MRI scans were reviewed by a single
musculoskeletal radiologist to identify pathology in the
same key areas.

Pathology of the labrum was defined as a visible tear,
displacement, or significant fraying. Pathology of the carti-
lage was defined as an Outerbridge grade >0. Pathology of
the rotator cuff was defined as a full- or partial-thickness
tear. Pathology of the long head of the biceps tendon was
defined as a tear, fraying, or subluxation. Pathology of the
rotator interval was defined as synovitis or thickening.
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Pathology of the middle glenohumeral ligament was
defined as thickening and/or synovitis. The reviewers were
also asked to suggest a diagnosis for each image set.

Statistical Analysis

Statistical analysis was performed by an independent
observer. Sensitivity, specificity, PPV, and NPV were cal-
culated for the blinded reviewers’ Mi-eye2 image assess-
ment, their formal arthroscopy image assessment, and
the radiologist’s MRI assessment, using the intraoperative
arthroscopic findings of the primary surgeon as the gold
standard. The Cohen kappa coefficient (k) was used to cal-
culate intraobserver agreement between procedures (Mi-
eye2 vs arthroscopy) and interobserver agreement with the
Mi-eye2 (reviewer 1 vs 2), with the following levels of agree-
ment: �0, none; 0.01 to 0.20, none to slight; 0.21 to 0.40,
fair; 0.41 to 0.60, moderate; 0.61 to 0.80, substantial; and
0.81 to 1.00, almost perfect agreement.

RESULTS

Among the 22 study patients, there was 1 incidence of
humeral head partial-thickness cartilage injury during
needle arthroscope insertion, which did not require further
intervention. There were no other complications after the
diagnostic procedures.

Visualization of Anatomic Positions

The blinded reviewers were able to satisfactorily identify
8.3 (69.2%) and 8.4 (70.0%) of the 12 standardized anatomic
positions from the Mi-eye2 images. From the formal
arthroscopy images, they were able to identify 10.2 (85%)
and 10.5 (87.5%) of the positions. There were 3 positions
(long head of the biceps anchor, long head of the biceps, and
humeral head) that were adequately identified from the Mi-
eye2 images in >80% of patients by each reviewer. There
were also 3 positions (inferior recess, posterior labrum, and
long head of the biceps in the sheath/groove) that were
adequately visualized in <60% of patients by each reviewer
(Table 1).

Diagnostic Performance and Observer Agreement

The results of the image assessments are summarized
according to anatomic area in Table 2, and the kappa sta-
tistics for interobserver and intraobserver agreement are
shown in Table 3.

Rotator Cuff. Twelve of the patients had a rotator cuff
tear diagnosed by formal arthroscopy. Of these, 5 were
partial-thickness articular-sided tears. In the identification
of cuff pathology, needle arthroscopy had a sensitivity of
0.75, specificity of 1.00, PPV of 1.00, and NPV of 0.77 for
reviewer 1 and a sensitivity of 0.50, specificity of 1.00, PPV
of 1.00, and NPV of 0.63 for reviewer 2. MRI exhibited a
sensitivity of 0.75, specificity of 0.75, PPV of 0.82, and NPV

Figure 1. Glenohumeral joint images taken with the Mi-eye2 device: (A) long head of the biceps, (B) inferior recess, (C) posterior
labrum, and (D) rotator interval (right shoulder, beach-chair position, posterior viewing portal).
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of 0.67 (Table 2). Substantial interobserver agreement was
found regarding the Mi-eye2 images (k ¼ 0.703). The
intraobserver agreement between the Mi-eye2 and arthros-
copy images was substantial for reviewer 1 and moderate
for reviewer 2 (k ¼ 0.624 and 0.455, respectively) (Table 3).

Long Head of the Biceps. Regarding the identification of
long head of the biceps pathology, needle arthroscopy had
a sensitivity of 0.67, specificity of 0.95, PPV of 0.67, and
NPV of 0.95 for reviewer 1; a sensitivity of 0.33, specificity
of 0.90, PPV of 0.33, and NPV of 0.90 for reviewer 2; and a
sensitivity of 0.00, specificity of 0.83, PPV of 0.00, and NPV
of 0.83 for MRI (Table 2). The interobserver agreement on
the Mi-eye2 images was fair (k ¼ 0.228), and the intraobser-
ver agreement between the Mi-eye2 and arthroscopy images
was fair for both reviewers (k ¼ 0.371 for reviewer 1 and
0.327 for reviewer 2) (Table 3).

Labrum. Twelve of the included patients had labral
pathology, identified by the primary surgeon on formal
arthroscopy. Eight involved the anteroinferior labrum and
4 involved the posterior labrum. In the identification of
labral pathology, needle arthroscopy had a sensitivity of
0.33, specificity of 0.50, PPV of 0.45, and NPV of 0.39 for
reviewer 1; a sensitivity of 0.42, specificity of 0.70, PPV of
0.63, and NPV of 0.50 for reviewer 2; and a sensitivity of
0.54, specificity of 0.75, PPV of 0.78, and NPV of 0.88 for
MRI (Table 2). Moderate interobserver agreement was found
regarding the Mi-eye2 images (k¼ 0.522). The intraobserver
agreement between the Mi-eye2 and arthroscopy images
was none to slight for reviewer 1 and reviewer 2 (k ¼ 0.091
and –0.024, respectively) (Table 3).

Cartilage. In the identification of cartilage pathology (of
either the humeral head or glenoid), needle arthroscopy
had a sensitivity of 0.50, specificity of 0.83, PPV of 0.40,
and NPV of 0.88 for reviewer 1; a sensitivity of 0.25, spec-
ificity of 0.72, PPV of 0.17, NPV of 0.81 for reviewer 2; and a
sensitivity of 0.50, specificity of 0.94, PPV of 0.67, and NPV

TABLE 2
Diagnostic Performance Statistics by Anatomic Positiona

Procedure Sensitivity Specificity PPV NPV

Rotator Cuff

Mi-eye2
Reviewer 1 0.75 1.00 1.00 0.77
Reviewer 2 0.50 1.00 1.00 0.63

Arthroscopy
Reviewer 1 0.67 0.90 0.89 0.69
Reviewer 2 0.42 0.80 0.71 0.53

MRI 0.75 0.75 0.82 0.67

Long Head of the Biceps

Mi-eye2
Reviewer 1 0.67 0.95 0.67 0.95
Reviewer 2 0.33 0.90 0.33 0.90

Arthroscopy
Reviewer 1 1.00 0.68 0.33 1.00
Reviewer 2 0.00 0.90 0.00 0.85

MRI 0.00 0.83 0.00 0.83

Labrum

Mi-eye2
Reviewer 1 0.33 0.50 0.45 0.39
Reviewer 2 0.42 0.70 0.63 0.50

Arthroscopy
Reviewer 1 0.50 0.00 0.55 0.46
Reviewer 2 0.50 0.70 0.67 0.54

MRI 0.54 0.75 0.78 0.88

Cartilage

Mi-eye2
Reviewer 1 0.00 0.94 0.00 0.81
Reviewer 2 0.50 0.89 0.50 0.89

Arthroscopy
Reviewer 1 0.50 0.83 0.40 0.88
Reviewer 2 0.25 0.72 0.17 0.81

MRI 0.50 0.94 0.67 0.88

Rotator Interval

Mi-eye2
Reviewer 1 0.73 0.64 0.67 0.70
Reviewer 2 0.09 1.00 1.00 0.52

Arthroscopyb

Reviewer 1 0.82 0.64 0.69 0.78
MRI 0.10 0.90 0.50 0.50

aMRI, magnetic resonance imaging; NPV, negative predictive
value; PPV, positive predictive value.

bThe arthroscopic image data were not able to be analyzed for
reviewer 2.

TABLE 1
Adequate Visualization by the Reviewers of Each Anatomic

Position (Images From 22 Patients)a

Formal Arthroscopy
Images Mi-eye2 Images

Anatomic Position
Reviewer

1
Reviewer

2
Reviewer

1
Reviewer

2

1: LHB anchor 17 (77.3) 18 (81.8) 18 (81.8) 19 (86.4)
2: LHB 18 (81.8) 17 (77.3) 19 (86.4) 18 (81.8)
3: LHB in sheath/

groove
19 (86.4) 17 (77.3) 13 (59.1) 13 (59.1)

4: LHB and pulley and
SSc

21 (95.5) 18 (81.8) 14 (63.6) 13 (59.1)

5: SSp 20 (90.9) 19 (86.4) 17 (77.3) 17 (77.3)
6: ISp 19 (86.4) 21 (95.5) 13 (59.1) 14 (63.6)
7: Inferior recess 17 (77.3) 18 (81.8) 12 (54.5) 13 (59.1)
8: Posterior labrum 17 (77.3) 14 (63.6) 4 (18.2) 5 (22.7)
9: Glenoid 19 (86.4) 20 (90.9) 17 (77.3) 17 (77.3)
10: Humeral head 18 (81.8) 19 (86.4) 21 (95.5) 21 (95.5)
11: Anteroinferior

labrum
19 (86.4) 16 (72.7) 18 (81.8) 17 (77.3)

12: Rotator interval 18 (81.8) 16 (72.7) 17 (77.3) 15 (68.2)

aData are reported as No. of patients (%). ISp, infraspinatus;
LHB, long head of the biceps; SSc, subscapularis; SSp, supraspi-
natus.
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of 0.88 for MRI (Table 2). The interobserver agreement for
the Mi-eye2 images was fair (k ¼ 0.353), and the intraob-
server agreement between the Mi-eye2 and formal arthros-
copy images was none to slight for both reviewers (k ¼ –
0.082 for reviewer 1 and –0.023 for reviewer 2) (Table 3).

Rotator Interval. Eleven of the patients had rotator
interval pathology. Needle arthroscopy for identifying rota-
tor interval pathology had a sensitivity of 0.73, specificity of
0.64, PPV of 0.67, and NPV of 0.70 for reviewer 1; a sensi-
tivity of 0.09, specificity of 1.00, PPV of 1.00, and NPV of
0.52 for reviewer 2; and a sensitivity of 0.10, specificity of
0.90, PPV of 0.50, and NPV of 0.50 for MRI (Table 2). None/
to slight interobserver agreement was found for the Mi-
eye2 (k ¼ 0.076). The intraobserver agreement between the
Mi-eye2 and formal arthroscopy images was moderate for
reviewer 1 (k ¼ 0.538) (Table 3). The formal arthroscopic
image data were unable to be analyzed for reviewer 2; thus,
it was not possible to calculate an intraobserver statistic for
this reviewer.

DISCUSSION

Our study was performed to assess the diagnostic accuracy
of a needle arthroscopy device in the glenohumeral joint.
The device performed favorably when compared to MRI in
the diagnosis of rotator cuff and long head of the biceps
pathology, with comparable results for the rotator interval.
However, it did not perform as well in the diagnosis of lab-
ral and cartilaginous pathology.

In the assessment of a patient with shoulder pain, com-
monly used diagnostic modalities include MRI and ultra-
sonography. Ultrasonography is cheap, noninvasive, and
readily available, with a high diagnostic accuracy for full-
thickness rotator cuff tears.7 However, it is operator

dependent, less accurate for partial-thickness cuff tears,
and relatively unproven in labral assessment.7,10 MRI is
of high accuracy for numerous intra-articular patholo-
gies, although it is often of limited access and contraindi-
cated in some patients.6 Thus, needle arthroscopy
represents an alternative modality, for use at the initial
point of contact.

For the rotator cuff, this study has found greater accu-
racy of the needle arthroscope to “rule in” tears than MRI,
as reflected by high specificities and PPVs. This is in con-
cordance with a recent study of the modality.11 However, in
contrast to that paper, this study found similar sensitivities
and NPVs, indicating that needle arthroscopy is compara-
ble to MRI at “ruling out” cuff tears. This likely reflects the
limitations of MRI in the detection of partial-thickness cuff
tears, with reported sensitivities in the literature ranging
from 0.52 to 0.91.1,8

Our study also found needle arthroscopy to have greater
accuracy than MRI in both “ruling in” (higher specificities
and PPVs) and “ruling out” (higher sensitivities and NPVs)
long head of the biceps pathology. MRI has previously been
demonstrated to be of high accuracy for full-thickness
biceps tendon tears, with a diminished accuracy for
partial-thickness lesions, inflammation, and fraying.3,4 The
direct tendon visualization of needle arthroscopy thus pro-
vides a greater accuracy for these lesions.

The needle arthroscopy device performed less accurately
than MRI in all measures for labral pathology and in sen-
sitivities and PPVs for cartilaginous pathology. This is
likely because of the visualization limitations of the device,
observed here with low overall adequate visualization per-
centages of the posterior labrum (18.2% and 22.7%) and
glenoid (77.3%) by the blinded reviewers. Indeed, this
device consists of a 0� arthroscope, offering a reduced total
field compared with a conventional 30� arthroscope. Fur-
thermore, as a single-portal diagnostic device, it does not
provide capability to probe structures (eg, to assess carti-
laginous consistency). Assessment of the rotator interval
was inconsistent between the reviewers, as reflected by a
poor interobserver kappa score. However, here the Mi-eye2
was overall more accurate than MRI.

Limitations

This study is subject to a number of limitations. Twenty-
two patients is a relatively small sample number,
confounded by the varying prevalence of different pathol-
ogies (although the majority had rotator cuff or labral
pathology). Assessment of static photographic images,
as performed by our reviewers, is inferior to real-time
dynamic assessment. This study did not include assess-
ment of the subacromial bursa. It should be noted that
this study did not assess the safety and feasibility in the
outpatient setting, as procedures were performed under
anesthesia in a sterile surgical field, before formal
arthroscopy. Further work should assess patient satis-
faction, pain scores, and complications (including sys-
temic complications, such as syncope) for procedures
performed under local anesthesia.

TABLE 3
Kappa Statistics for Intraobserver and Interobserver

Agreement

Location and Reader

Intraobserver k
(Mi-eye2 vs

Arthroscopy)

Interobserver k
(Mi-eye2,

Reviewer 1 vs 2)

Rotator cuff 0.703
Reviewer 1 0.624
Reviewer 2 0.455

Long head of the biceps 0.228
Reviewer 1 0.371
Reviewer 2 0.327

Labrum 0.522
Reviewer 1 0.091
Reviewer 2 –0.024

Cartilage 0.353
Reviewer 1 –0.082
Reviewer 2 –0.023

Rotator intervala 0.076
Reviewer 1 0.538

aThe arthroscopic image data were not able to be analyzed for
reviewer 2.
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CONCLUSION

In this study, we found needle arthroscopy to be more
accurate than MRI in the assessment of rotator cuff and
long head of the biceps pathology, although less accurate
for the articular cartilage and labrum. It may offer a suit-
able alternative to advanced imaging for these conditions in
the outpatient setting or where MRI is inconclusive. Fur-
ther work is required to assess real-world applicability in
the clinic. The development of a needle arthroscope with an
angled lens may further advance the potential diagnostic
and therapeutic applications.
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