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Abstract

Objective: To evaluate the diagnostic value of still images of needle arthros-

copy (SNAR), still images of traditional arthroscopy (STAR), and computed

tomography (CT) to diagnose medial coronoid process (MCP) pathology.

Study design: Prospective clinical trial.

Animals: Dogs (n = 17) presented for evaluation of elbow dysplasia.

Methods: For each case, two SNAR and STAR images of the MCP were

reviewed independently and in random order by three board-certified sur-

geons. Computed tomographic images were reviewed by one board-certified

radiologist. Reviewers were blinded to surgical and clinical findings. Surgical

findings from real-time TAR with palpation were used as the gold standard.

Receiver operating characteristic (ROC) curves and concordance statistics tests

for the diagnostic accuracy of MCP fissure, MCP fragment, medial compart-

ment condition, and cartilage score were calculated.

Results: Images of 27 elbows joints were reviewed. For MCP fissure detection,

areas under the ROC curves for CT (0.84), STAR (0.73), and SNAR (0.57) did

not differ. For the detection of MCP fragment, STAR had a larger area under

the ROC curve (0.93) compared with SNAR (0.74, P = .015) and CT (0.54,

P < .001). Still images of TAR and SNAR had comparable concordance for car-

tilage score (0.80 and 0.77, respectively) and medial compartment pathology

(0.80 and 0.73, respectively).

Conclusion: Still images of NAR, STAR, and CT had similar diagnostic value

to identify MCP fissures. Still images of TAR was superior to SNAR and CT to

identify MCP fragments.

Clinical significance: The diagnostic accuracy of SNAR varied on the basis

of the coronoid lesion being evaluated.
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1 | INTRODUCTION

Elbow dysplasia is a collective term describing several
inheritable diseases of which medial coronoid disease
(MCD) is the most prevalent form.1 Medial coronoid dis-
ease is characterized by lesions of the medial coronoid
process (MCP), including chondromalacia, fragmenta-
tion, fissures, or abnormal shape.2,3 While different
lesions may lead to different surgical or nonsurgical
management and prognosis, orthopedic examination and
radiographs alone cannot discern the type of pathologic
lesion present.2

Cross-sectional imaging modalities such as computed
tomography (CT) and MRI have improved the identifica-
tion of lesions of MCD.4-6 Cross-sectional imaging has
limitations, including high cost, limited availability, and
limited value to characterize cartilage integrity.4 Surgical
evaluation with traditional arthroscopy (TAR) has been
considered to be the gold standard for identifying the
magnitude and severity of MCD.3 Because of the cost of
the procedure and the requirement for general anesthe-
sia, the arthroscopic diagnosis and treatment commonly
take place during a single anesthetic episode.

Needle arthroscopy (NAR) is used in human
medicine as a diagnostic tool that has been described as
an alternative to MRI for the characterization of disease
severity.7 It has been used as an outpatient procedure
with patients under local anesthesia to investigate
joint problems in man and horses.7-12 The use of NAR
in dogs presented with MCD has not been previously
investigated.

The objective of this study was to evaluate the diag-
nostic value of still images of NAR (SNAR), and compare
it to still images of TAR (STAR) and CT. We hypothe-
sized that SNAR, STAR, and CT would have equivalent
accuracy for the diagnosis of MCP pathology.

2 | MATERIALS AND METHODS

2.1 | Case selection

Client-owned dogs weighing more than 20 kg referred
to our institution with a presumptive diagnosis of MCD
between May 2017 and November 2018 were candidates
for inclusion. Dogs were excluded when local skin
lesions were present over the medial aspect of the
elbow, an ununited anconeal process was present,
or > 2 mm of radioulnar incongruity was detected by
CT.13 The study protocol was approved by the Univer-
sity of California Davis IACUC (protocol No. 19791).
Signed informed consent was obtained from owners
before enrollment.

2.2 | Sedation

Dogs were sedated for CT and NAR. The sedation proto-
col included 5 to 7.5 μg/kg of dexmedetomidine (Zoetis,
Parsippany, New Jersey) given IV in combination with
0.05 to 0.1 mg/kg of hydromorphone (Baxter Healthcare
Corporation, Deerfield, Illinois) or in combination 0.1 to
0.2 mg/kg of butorphanol (Zoetis).

2.3 | Computed tomography

Computed tomography of both elbows extending from
the mid-humerus to the distal antebrachium was
performed with a 16-slice CT scanner (GE LightSpeed;
GE, Boston, Massachusetts). Dogs were positioned in dor-
sal recumbency with elbow joints flexed at 90�. Images
were acquired with field of view ranging in size from 9.6
to 22 cm, slice thickness of 1.2 mm, peak kilovoltage of
120 kVp, and intensity of 180 mA, and were
reconstructed into 0.6-mm-thick sections by using a bone
algorithm.

2.4 | Preparation for NAR and TAR

One board-certified surgeon (P.Y.C.) performed all NAR
and TAR procedures. The medial elbow regions were
clipped, scrubbed, and prepared for an aseptic procedure.
Needle arthroscopy was performed prior to general anes-
thesia. Anesthesia was induced, and TAR was performed.
Standardized video recording and still images were
acquired within each elbow joint for both techniques.

2.5 | Needle arthroscopy

For NAR, dogs were positioned in dorsal recumbency
with the affected limb held in abduction, exposing the
medial aspect of the elbow. The distal humerus was
placed on a sandbag to serve as a fulcrum, and pressure
was applied to the antebrachium to distract the medial
elbow joint space. A fenestrated adhesive transparent
drape (Steri-Drape; 3 M Health Care, St Paul, Minnesota)
was placed over the elbow joint.

The NAR portal was established by inserting an
18-gauge (1 mm) hypodermic needle into the elbow joint,
approximately 1 cm distal and 5 mm caudal to the medial
epicondyle. Five to 10 mL of sterile lactated Ringer's solu-
tion (Baxter Healthcare Corporation) was injected to dis-
tend the joint space. A No. 11 scalpel blade was used to
make a 2-mm skin incision around the needle. The NAR
unit, a 0�, 14-gauge (1.6 mm) system featuring an outer

2 HERSH-BOYLE ET AL.



needle sheath and an inner scope/camera design (mi-eye
2; Trice Medical, Malvern, Pennsylvania), was inserted
into the joint after removal of the needle. The outer
sheath of the NAR unit was retracted to allow visualiza-
tion. An egress portal was established by inserting an
18-gauge needle adjacent to the anconeal process. Lac-
tated Ringer's solution with an IV administration set
(10 drops/mL) in a pressure infusion bag (Infusable; Vital
Signs, Totowa, New Jersey) was used for joint distention
and irrigation through the ingress portal of the NAR unit.
The pressure infusion bag was pressurized to allow for
adequate visualization. Still images of the anconeal pro-
cess, the trochlear notch, the MCP, the radial head, and
the medial aspect of the humeral condyle were acquired
with the NAR unit. The NAR unit and the egress needle
were removed, and the skin incision was sealed with cya-
noacrylate glue (Surgical Adhesive; VetOne, Boise,
Idaho).

2.6 | Traditional arthroscopy

For TAR, dogs were positioned in dorsal recumbency
with the affected limb held in abduction, exposing the
medial aspect of the elbow. The distal humerus was
placed on a sandbag to serve as a fulcrum, with the limb
placed into a custom-made elbow distractor to maintain
positioning. A standard four-corner drape (Utility Drapes;
Haylard Health, Alpharetta, Georgia) and a fenestrated
adhesive transparent drape (3 M Health Care) were
placed over the elbow joint. The TAR portals and egress
were established by using a previously reported tech-
nique.14 Lactated Ringer's solution was delivered through
the arthroscopic cannula with a peristaltic pump
(DualWave arthroscopy pump; Arthrex Vet Systems,
Naples, Florida) at a delivery pressure of 45 mm Hg. Still
images were acquired for TAR evaluation with a 1.9-mm
30� arthroscope (Synergy HD arthroscopic system; Art-
hrex Vet Systems). Anatomic locations evaluated
included the anconeus process, trochlear notch, MCP,
radial head, and medial aspect of the humeral condyle.

2.7 | Surgical findings

After image acquisition, an intraoperative arthroscopic
assessment was performed with the 1.9-mm 30� arthro-
scope inserted by using a blunt trocar. The MCP was pal-
pated for the presence of step or mobile fragment to
reach the diagnosis of a medial coronoid fragment or fis-
sure, with the aid of a 1.5-mm arthroscopic probe
(Arthrex Vet Systems). Surgical findings were docu-
mented and used as gold standard for the analyses. The

ulnar articular surface along the scope portal was evalu-
ated for iatrogenic cartilage damage. Iatrogenic cartilage
damage was classified as NAR related, TAR related, or
undetermined according to its shape, location, and direc-
tion. When elbow joint pathology was present, it was
treated. The arthroscope was removed, and the skin inci-
sions were closed with simple interrupted skin sutures.

2.8 | Evaluation of diagnostic modalities

Four matched MCP images (two from NAR and two from
TAR) from each elbow were selected for evaluation by
three board-certified veterinary surgeons (A.S.K., B.F.,
D.J.M.) with practice limited to small animal orthopedics.
Still images of NAR and STAR images were reviewed in
random order (www.randomizer.org). The images were
anonymized, and the reviewers were blinded to the dogs'
signalment, CT findings, surgical findings, arthroscopic
treatment, and the findings of other reviewers. The
reviewers graded four aspects of the medial coronoid:
the presence of a fissure, the presence of a fragment, the
health of the cartilage of the MCP, and the general condi-
tion of the medial compartment. A fissure of the MCP
was defined as an abnormality of the MCP without clear
separation or displacement of the MCP.15 An MCP frag-
ment was defined as a free fragment that was detached
and potentially displaced. Fissures and fragments were
each graded as definitely absent, possibly present, proba-
bly present, likely present, or definitely present
(Figure 1). The general condition of the medial compart-
ment was graded as normal, possibly abnormal, probably
abnormal, likely abnormal, or abnormal (Figure 2).
Cartilage damage was graded according to the modified
Outerbridge scoring system (MOS), ranging from normal
to grade V lesions.15 Two reviewers (A.S.K., B.F.)
repeated the evaluation of the SNAR and STAR images at
least 4 weeks after the initial evaluation.

2.9 | Computed tomographic evaluation

A board-certified specialist of the American College of
Veterinary Radiology (M.S.) reviewed the CT images of
each elbow. The reviewer was blinded to SNAR and
STAR image findings, surgical findings, and the arthro-
scopic treatments performed. The reviewer graded the CT
evaluation of the MCP in two categories, presence of an
MCP fissure and presence of an MCP fragment. A fissure
was defined as a radiolucent line within the MCP without
clear separation or displacement of the MCP. A fragment
was defined as a free fragment that was detached and dis-
placed. Fissures and fragments of the MCP were graded
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as definitely absent, possibly present, probably present,
likely present, or definitely present.3

2.10 | Statistical analysis

A power analysis was performed to detect a difference
in the mean severity score of joint disease in the elbow
of 1 out of 5 at a power of 0.8 and an α of .05. The
power analysis yielded a sample size of 31 elbow joints.
Statistical analysis was performed in SAS v 9.4 (SAS
Institute, Cary, North Carolina). Grades between the
first and second evaluations of two reviewers were com-
pared to determine intraobserver reliability. Grades
from the three reviewers were compared to determine
interobserver agreement, calculated by using intraclass
correlation coefficients (ICC). An ICC value <0.5

indicated poor agreement, a value ≥0.5 and < 0.75 indi-
cated moderate agreement, a value ≥0.75 and < 0.9
indicated good agreement, and a value ≥0.9 indicated
excellent agreement.16 The median value of the allo-
cated grades by using CT, SNAR, and STAR image find-
ings were compared to intraoperative arthroscopic
findings by using of receiver operating characteristic
(ROC) curve analysis. The sensitivity of STAR, SNAR
and CT to detect an MCP fissure and MCP fragment at
specificities of 80%, 90%, and 95% were calculated in R
(R Foundation for Statistical Computing, Vienna, Aus-
tria. http://www.R-project.org/).17-19 Concordance statis-
tics (c-statistic; area under the ROC curves) were
compared statistically. C-statistic values ranged from 0.5
to 1. Values of 0.5 indicated random predictions, and
values of 1 indicated perfect predictions.20 Significance
was set at P < .05.

FIGURE 1 A,B, Images of the medial coronoid process (MCP) of a 5-year-old Labrador retriever acquired during needle arthroscopy

(NAR; A) and traditional arthroscopy (TAR; B) of the elbow joint. A surgical diagnosis of fissure of the MCP was reached. The NAR and the

TAR images were read as probable presence of fissure by three examiners. C,D, Images of the MCP of a 1-year-old golden retriever acquired

during NAR (C) and TAR (D) of the elbow joint. A surgical diagnosis of fragment of the MCP was reached. The NAR and the TAR images

were read as definitely present of fragment by three examiners. The NAR images were acquired as squares with resolution of 250 × 250

pixels, for a total of 62 500 pixels per image. Traditional arthroscopy images were circles with a resolution of approximately 1000 pixels along

the diameter of the picture, for a total of approximately 800 000 pixels per image
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3 | RESULTS

Thirty-one elbow joints from 17 dogs met the inclusion
criteria, and 27 joints were included in the final statistical
analyses. Four joints were excluded, three because suc-
cessful introduction of the needle arthroscope could not
be achieved despite multiple attempts (up to three
attempts), and one because appropriate STAR images
were not available. Median age of dogs was 1.8 years
(range, 0.6-9), and median body weight was 29.9 kg
(range, 20-42 kg). Partial-thickness cartilage damage was
identified in six elbow joints. In four joints, the damage
was NAR related, and, in two joints, the damage was cau-
sed by the needle used for joint distention for NAR or

TAR. The surgical diagnoses included MCP fragments in
16 elbow joints, MCP fissures in five elbow joints, and no
MCP fragment or fissure in six elbow joints. The opera-
tive MOS of the MCP was 0 in two dogs, 1 in five dogs,
2 in nine dogs, 3 in four dogs, 4 in five dogs, and 5 in two
dogs, with a median MOS of 2 (range, 0-5). Medial com-
partment evaluation was graded as abnormal in all elbow
joints.

3.1 | Fissure identification

The area under the ROC curve for fissure detection was
0.84 for CT (95% CI, 0.74-0.94), 0.73 for STAR (95% CI,

FIGURE 2 A,B, Images of the medial compartment of the elbow joint of a 7-month-old Labrador retriever acquired during needle

arthroscopy (NAR; A) and traditional arthroscopy (TAR; B). The surgical diagnosis was humeral osteochondrosis dissecans with mild medial

coronoid process chondromalacia and medial compartment disease. The NAR and the TAR images were interpreted as probably abnormal and

likely abnormal, respectively by three examiners. C,D, Images of the articular surface of the medial coronoid process of a 5.7-year-old German

shepherd acquired during NAR (C) and TAR (D) of the elbow joint. The surgical diagnosis was a grade V modified Outerbridge score lesion. The

interpretation of the NAR and traditional images by three examiners was a grade III-IV modified Outerbridge score lesionThe NAR images were

acquired as squares with resolution of 250 × 250 pixels, for a total of 62 500 pixels per image. Traditional arthroscopy images were circles with a

resolution of approximately 1000 pixels along the diameter of the picture, for a total of approximately 800 000 pixels per image
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0.44-1), and 0.57 for SNAR (95% CI, 0.28-0.85; Figure 3,
Table 1). These areas under the ROC curve did not differ.
For the detection of an MCP fissure, the sensitivity of STAR
was 55.6% at a specificity of 80%, 42.4% at a specificity of
90%, and 32.1% at a specificity of 95%. The sensitivity of

SNAR was 26.4% at a specificity of 80%, 13.2% at a specific-
ity of 90%, and 6.4% at a specificity of 95%. The sensitivity
of CT was 59.0% at a specificity of 80%, 30.7% at a specificity
of 90%, and 15.5% at a specificity of 95%. Intraobserver
agreement for detection of a fissure was excellent for STAR

FIGURE 3 Receiver operating characteristic (ROC) curves for detection of fissure of the medial coronoid process by use of still images

of traditional arthroscopy (STAR; open squares), still images of needle arthroscopy (SNAR; open triangles), and computed tomography (CT;

solid circle) in 27 elbow joints of 17 clinically affected dogs. The y axis represents the sensitivity, and the x axis represents one minus the

specificity of each test. The oblique gray line illustrates a random test with an area under the curve of 0.5. The curves were drawn on the

basis of the median values of three independent readers of SNAR and STAR and the value of one CT reader, using surgical findings as a gold

standard. The areas under the ROC curves were 0.84 for CT, 0.73 for STAR, and 0.57 for SNAR

TABLE 1 Areas under the receiver operating characteristic curve for the identification of a fissure and fragment of the medial coronoid

process and c-statistic analysis for cartilage and medial compartment condition, using surgical findings as gold standard

Modality Fissure Fragment Cartilage evaluation Medial compartment

STAR 0.73 0.93a 0.80 0.80

SNAR 0.57 0.74b 0.77 0.73

CT 0.84 0.55b N/A N/A

Abbreviations: c-statistic, concordance statistic; CT, computed tomography; N/A, not applicable; SNAR, still images of needle arthroscopy; STAR, still images
of traditional arthroscopy.
aThe area under curve was significantly larger then that of SNAR (P = 0.015) and CT (P < 0.001).
bNo significant differences between SNAR and CT.

TABLE 2 Intraobserver and interobserver reliability of TAR and NAR for the evaluation of 27 canine elbow joints with elbow dysplasia

Intraobserver agreement Interobserver agreement

Modality
MCP
fissure

MCP
fragment

MOS
cartilage

Medial
compartment

MCP
fissure

MCP
fragment

MOS
cartilage

Medial
compartment

STAR 0.916 0.916 0.857 0.857 0.687 0.837 0.763 0.658

SNAR 0.677 0.877 0.892 0.646 0.628 0.788 0.856 0.720

Abbreviations: MCP, medial coronoid process; MOS, modified Outerbridge score; SNAR, still images of needle arthroscopy; STAR, still images of traditional
arthroscopy.
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FIGURE 4 Receiver operating characteristic (ROC) curves for detection of fragment of the medial coronoid process by use of still

images of traditional arthroscopy (STAR; open squares), still images of needle arthroscopy (SNAR; open triangles), and computed

tomography (CT; solid circle) in 27 elbow joints of 17 clinically affected dogs. The y axis represents the sensitivity, and the x axis represents

one minus the specificity of each test. The oblique gray line illustrates a random test with an area under the curve of 0.5. The curves were

drawn on the basis of the median values of three independent readers of SNAR and STAR and the value of one CT reader, using surgical

findings as a gold standard. The areas under the ROC curves were 0.93 for still images of traditional arthroscopy, 0.74 for still images of

needle arthroscopy, and 0.55 for computed tomography

FIGURE 5 Box-and-whisker plots of modified Outerbridge score (MOS) assessed with still images of needle arthroscopy (SNAR) and

still images of traditional arthroscopy (STAR) among the three evaluators. The x axis represents the operative arthroscopy MOS grading, and

the y axis represents the MOS grading by the evaluators. For each box, the thick line illustrates the median value, and the upper and lower

boundaries illustrate the second and third quartiles, respectively. Whiskers illustrate the minimal and maximal values

HERSH-BOYLE ET AL. 7



and moderate for SNAR. Interobserver agreement was
moderate for STAR and for SNAR (Table 2).

3.2 | Fragment identification

The area under the ROC curve for fragment detection
was 0.93 for STAR (95% CI, 0.81-1), 0.74 for SNAR
(95% CI, 0.44-0.93), and 0.55 for CT (95% CI, 0.33-0.76;
Figure 4, Table 1). The area under the ROC curve for
STAR was larger than that for SNAR (P = .015) and
CT (P < .001). Still images of NAR and CT did not dif-
fer. For the detection of an MCP fragment, the sensitiv-
ity of STAR was 96.6% at a specificity of 80%, 75.6% at
a specificity of 90%, and 40.4% at a specificity of 95%.
The sensitivity of SNAR was 57.8% at a specificity of
80%, 44.6% at a specificity of 90%, and 34.0% at a speci-
ficity of 95%. The sensitivity of CT was 21.6% at a speci-
ficity of 80%, 9.8% at a specificity of 90%, and 4.3% at a
specificity of 95%. Intraobserver agreement for the
detection of a fragment was excellent for STAR and
good for SNAR. Interobserver agreement for the detec-
tion of a fragment was good for STAR and for SNAR
(Table 2).

3.3 | Cartilage evaluation

Still images of TAR and SNAR had moderate agreement
with the surgical evaluation of cartilage pathology
(Figure 5). Intraobserver agreement for cartilage pathol-
ogy was good for STAR and excellent for SNAR. Inter-
observer agreement for cartilage pathology was good for
STAR and for SNAR.

3.4 | Evaluation of the medial
compartment of the elbow

Still images of TAR and SNAR had moderate agreement
with the surgical evaluation of medial compartment
pathology. Intraobserver agreement for medial compart-
ment evaluation was good for STAR and moderate for
SNAR. Interobserver agreement for medial compartment
evaluation was moderate for STAR and for SNAR.

4 | DISCUSSION

We rejected the hypothesis that still images of NAR and
TAR and CT images would provide evidence to diagnose
MCD with equivalent accuracy. The diagnostic accuracy of
SNAR varied according to the lesion being evaluated. Still

images of NAR was less accurate than STAR for the detec-
tion of a fragmented MCP. However, the diagnostic values
of SNAR and STAR for the detection of an MCP fissure
did not differ statistically. Also, SNAR and STAR had simi-
lar value when evaluating cartilage pathology and the gen-
eral condition of the medial compartment of the elbow.

Needle arthroscopy is performed as an outpatient pro-
cedure in human medicine without the requirement of
using general anesthesia.10 In the current study, SNAR
was intentionally performed under sedation to determine
the diagnostic value of the test when it was used as an
outpatient procedure. Only dogs weighing >20 kg were
included in the study because most dogs presented to our
institution with elbow dysplasia are medium or large
breed dogs. Subjectively, the learning curve involved in
the use of NAR initially resulted in prolonged time
required for system set up, animal transportation, and
positioning. This may have led to suboptimal sedation in
the dogs treated early in the study. Dogs that were less
sedated may have had more muscle tone, negatively
impacting animal positioning and full joint distention.
These were likely factors leading to difficulties in
accessing the joints in three cases early in the study. With
additional experience, setup and positioning times were
reduced, and, subjectively, the ease of joint access was
increased.

The MOS grading scheme was adapted from a previ-
ous study in dogs and allowed grading of cartilage health
without arthroscopic palpation.15 Because of the study
design, palpation was not performed during NAR proce-
dures because probing was not deemed possible with
dogs under sedation, and manipulation of lesions may
have altered the final operative diagnostic result. Palpa-
tion would likely have improved the diagnostic value in
the fragment identification and differentiation between
MOS 0 and MOS1 lesions during SNAR evaluation.

Cartilage damage occurred in six of 27 elbow joints.
Four lesions were caused by NAR insertion. Needle
arthroscopy evaluated in this study uses a retractable nee-
dle design, which included a 14-gauge (1.6 mm) outer
sheath and a camera within the sheath. By comparison,
the insertion for the TAR uses a blunt trocar, which may
lead to a safer insertion. In addition, sedation in the NAR
group may also have led to increased muscle tone and,
thus, likely resulted in decreased joint space opening and
increased risk of cartilage damage during sheath insertion.

The images exported from the NAR and the TAR sys-
tems used in the present study had a notable difference
in resolution and a visible notch that is characteristic of
the angled arthroscope; therefore, it was not possible for
the reviewers to be truly blinded to the modalities used
for image acquisition. Still images of NAR and STAR
were evaluated together in random order, and all
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identifying animal information was removed. Being able
to differentiate between the two modalities may have had
a more significant impact on the result if the experiment
were designed by using a binomial result (sensitivity and
specificity), which would have failed to account for the
diagnostic value of each diagnostic modality. In the pre-
sent study, a graded system was used and evaluated by
using ROC analysis and c-statistic to fully characterize
the diagnostic value of each diagnostic modality. Receiver
operating curve analysis determines the diagnostic value
of a test across the range of sensitivity and specificity
regardless of tester personality. When a tester performs a
test with an aggressive approach, sensitivity increases but
specificity decreases. Conversely, when a tester tenta-
tively performs a test, sensitivity decreases but specificity
increases. The area under an ROC curve (c-statistic) is
not influenced by tester personality during the evaluation
of a test.20,21

The identification of a fissure, as defined in this study,
required the identification of a narrow, nondisplaced, dis-
continuity of the MCP. Computed tomography had the
greatest numerical diagnostic value to detect fissures,
although that value did not differ statistically from TAR
and NAR. Computed tomography is likely to be the best
modality for fissure detection because it evaluates sub-
chondral bone integrity and may allow for the identifica-
tion of MCP fissures even with normal overlying
cartilage. Diagnosis of MCP fissures with normal overly-
ing cartilage during surgical evaluation would require
palpation with an arthroscopy probe, which was not
achievable during the evaluation of STAR and SNAR in
the present study. These findings are in agreement with
another study in 141 joints with elbow dysplasia in which
MCD was identified by CT in all joints, including fissures
without visible cartilage pathology during arthroscopy.22

Alternatively, the presence of a cartilage fissure with
intact subchondral bone could also lead to a discrepancy
between CT and arthroscopic assessment of the MCP.23

The identification of an MCP fragment relies on the
ability to detect a detached or displaced portion of the
MCP. Traditional arthroscopy identified MCP fragments
better than NAR and CT. Traditional arthroscopy
images were obtained with dogs positioned under gen-
eral anesthesia, which may have allowed better posi-
tioning of the joint (ie, pronation) and may have
influenced fragment displacement. Differences in image
quality may also have contributed to these findings.
The NAR unit collected images at a resolution of
250 × 250 pixels when an integrated camera/arthro-
scope design was used, whereas the TAR unit collected
images with a resolution of 1280 × 720 pixels when a
rod-lens optical design was used, an approximately
10-fold increase in resolution.10 In addition, the needle

arthroscope is a 0� scope with a 120� field of view and
5 to 35 mm of focal depth. Hoshino et al24 showed in a
two-dimensional human knee model that a 0� arthro-
scope had greater image distortion compared to a 30�

arthroscope at a shallow distance and straight viewing
angle. To minimize distortion when a 0� arthroscope is
used, the arthroscope should be perpendicular to the
object being viewed.25 When the MCP is evaluated from
a portal distal to the medial humeral condyle with
NAR, the needle scope cannot be perpendicular to the
area of the elbow evaluated and may lead to distortion.
Image distortion of the integrated camera/arthroscope
design used in the present study has not been evaluated
and should be a future area of study. In the present
study, use of a cranial scope portal may have allowed
for direct viewing of the MCP with a better visualiza-
tion of lesions with less distortion. Evaluation of a dif-
ferent portal position was not performed because it
would require a different study design that was beyond
the objectives of the current study. The needle arthro-
scope is designed with an integrated ingress attached to
a syringe or a fluid line. In the current study, NAR was
performed with a gravity pump, and TAR was per-
formed with an automated pump. Needle arthroscopy
has a smaller ingress sheath diameter and may have
led to the requirement for higher pressure to maintain
adequate fluid flow required for visualization. Auto-
mated pumps have been shown to enhance image qual-
ity during human arthroscopic procedures by reducing
the amount of turbidity by 50% compared to gravity
pumps.26 Researchers in a cadaveric study performed in
canine stifle joints also concluded that arthroscopic
peristaltic pumps allowed improved viewing of
intra-articular structures with less extra-articular fluid
accumulation than when fluid was delivered by a
pressure bag.27

Computed tomography had the lowest diagnostic
accuracy for MCP fragments in this study, whereas it
had the highest accuracy for fissure detection. This dis-
crepancy seems counterintuitive, but a likely explana-
tion is that CT relies purely on osseous changes,
whereas STAR and SNAR assess primarily the cartilagi-
nous surface. In the present study, the evaluator was
asked to determine whether a displaced fragment was
present, and multiple factors may have contributed to
the lack of confidence in the diagnosis of definite frag-
mentation. Most likely, CT may not have been able to
accurately differentiate minimally displaced MCP frag-
ments from MCP fissures, leading to a higher accuracy
for the detection of fissures and a lower accuracy for the
detection of fragments. In a previous study, CT had 93%
sensitivity and 100% specificity to diagnose MCP pathol-
ogy, but half of the minimally displaced MCP fragments
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were misidentified as fissures.22 Also, some MCP frag-
ments may have been cartilaginous.23 Without the
involvement of subchondral bone, these fragments
would not have been detectable by CT. The CT resolu-
tion possibly did not allow accurate detection of small
MCP fragments, despite the use of thin slices. With
severe sclerosis and local remodeling, visualization of
displaced fragments may be more challenging. Finally,
fragments potentially were more readily differentiated
during arthroscopic evaluation because of the magnify-
ing effect of the arthroscopy. In another study, CT failed
to identify lesions in 29% of elbow joints with MCP frag-
ments (displaced and nondisplaced).4

Clinically, the management of a displaced fragment
could differ from the management of a minor fissure.28 For
example, the biceps ulnar release procedure has been rec-
ommended when only mild radial incisure fissure is pre-
sent and the dog has only mild clinical signs.28

Identification of a displaced fragment has been reported to
be associated with cartilage erosion of the MCP and medial
humeral condyle4 and may alter the surgeon's decision to
perform a proximal ulnar osteotomy.28 Currently, the evi-
dence is not clear whether the absence or presence of
medial coronoid fragment or medial coronoid fissure affect
the prognosis for patients presented with different degrees
of cartilage disease. Computed tomography and SNAR had
similar diagnostic values in identifying a displaced frag-
ment in our study. The use NAR under sedation may allow
for better surgical planning and client communication.

The moderate agreement of STAR and SNAR with sur-
gical findings when cartilage lesions and overall condi-
tions of the medial compartment of the elbow were
characterized may have resulted from the use of still
images to evaluate TAR and NAR relative to the use of
video for the surgical assessment. Still images were chosen
to minimize the variability between TAR and NAR and
allow for anonymization and randomization. Still images
do not provide the same detail that real-time video assess-
ment provides29 because the three-dimensional evaluation
of the MCP is eliminated; this could account for a loss of
agreement between SNAR, STAR, and surgical findings.

The ability to characterize the degree of cartilage dam-
age prior to definite operative arthroscopy treatment may
help in treatment planning and provide a basis for progno-
sis and follow-up recommendations in dogs with elbow dys-
plasia.28 In two studies,30,31 arthroscopic surgical treatment
and nonsurgical treatment resulted in similar long-term
treatment outcomes, evaluated prospectively by gait analy-
sis30 and retrospectively by responses to an owner
quesitonaire.31 Both studies were limited by the use of
International Elbow Working Group score for the charac-
terization of the elbow pathology, which had been reported
to be a sensitive but less specific indicator of cartilage

pathology.15 To better categorize elbow joint pathology and
correlate with treatment outcomes, a precise presurgical
diagnostic tool would be ideal. Computed tomography had
only moderate correlation between osteophytosis and the
location and degree of arthroscopic pathology, and absence
of CT-confirmed pathology does not preclude cartilage dis-
ease.4,32 Magnetic resonance imaging may be a great tool
and is commonly used in human medicine to identify carti-
lage lesion; however, the reported correlation between MRI
and arthroscopic Outerbridge score is only moderate, with
a ρ score of 0.404.32 Needle arthroscopy with video assess-
ment may have the highest diagnostic value in identifying
cartilage lesions among the presently available preoperative
diagnostic tools that can be performed under sedation and
can potentially help further investigation of elbow dysplasia
treatments as well as guide clinical decision making for the
treatment of elbow dysplasia.

The lower intraobserver reliability for SNAR compared
to STAR for the identification of a fissure and for the eval-
uation of the general condition of the medial compartment
of the elbow is likely related to the decreased image qual-
ity of SNAR relative to STAR. Both of these categories rely
on a detailed evaluation of the joint cartilage to make an
accurate assessment. As previously discussed, the image
quality of SNAR was lower that of STAR because of the
use of a gravity pump, lower resolution, and the 0� angle
of the NAR. The moderate interobserver reliability of
STAR and SNAR may have resulted from the use a five-
point grading system rather than a continuous scale (eg,
visual analog scale) to detect subtle changes. In a study in
which arthroscopy of the human knee was evaluated, a
continuous scale had higher interobserver reliability com-
pared with a five-point scale.33 Clinical experience and
demeanor of the readers also influence interobserver reli-
ability. Cartilage evaluation had high interobserver and
intraobserver reliability for STAR and for SNAR. That reli-
ability may have been increased by the absence of normal
elbow joints in the study.

This study had limitations. The nature of a clinical
trial precluded the inclusion of normal joints. Normal
elbows or dogs with no forelimb lameness have no indi-
cation for diagnostic tests of this nature. Therefore, all
elbows included in this study had elbow pathology. Inclu-
sion of normal elbows in the study may have yielded a
different result. The images for STAR evaluation were
obtained immediately before surgical evaluation with
dogs under the same joint position, which could have led
to an analytical advantage for STAR compared with
SNAR. A single radiologist evaluated CT. Having a single
rater could have increased the skewness of the CT ROC
curve.21 Finally, the relatively small sample and the eval-
uation of still images may have led to large confidence
intervals, relatively low power, and possible type II error
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during statistical analyses. A larger sample would have
enhanced the ability to detect small diagnostic differences
between methods.

In conclusion, the results of this study provide evidence
that NAR can identify and characterize elbow medial com-
partment pathology as well as the severity of cartilage
lesions before surgical or nonsurgical treatment of elbow
dysplasia. Computed tomography maybe a preferred diag-
nostic modality for the identification of additional fissures
but may not be the optimal modality for differentiating
nondisplaced and displaced fragments. Needle arthroscopy
and CT can be used as outpatient diagnostic tools that can
successfully be performed under sedation.
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