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Computational Metrics Can Provide Quantitative ®
Values to Characterize Arthroscopic Field of View

updates.

Ryan H. Barnes, M.D., M. Leslie Golden, M.D., David Borland, Ph.D., Reed Heckert, M.D.,
Meghan Richardson, M.D., R. Alexander Creighton, M.D., Jeffrey T. Spang, M.D., and
Ganesh V. Kamath, M.D.

Purpose: The purpose of this study was to determine the inter-rater reliability of arthroscopic video quality, determine
correlation between surgeon rating and computational image metrics, and facilitate a quantitative methodology for
assessing video quality. Methods: Five orthopaedic surgeons reviewed 60 clips from deidentified arthroscopic shoulder
videos and rated each on a four-point Likert scale from poor to excellent view. The videos were randomized, and the
process was completed a total of three times. Each user rating was averaged to provide a user rating per clip. Each video
frame was processed to calculate brightness, local contrast, redness (used to represent bleeding), and image entropy. Each
metric was then averaged over each frame per video clip, providing four image quality metrics per clip. Results: Inter-
rater reliability for grading video quality had an intraclass correlation of .974. Improved image quality rating was positively
correlated with increased entropy (.8142; P < .001), contrast (.8013; P < .001), and brightness (.6120; P < .001), and
negatively correlated with redness (—.8626; P < .001). A multiple linear regression model was calculated with the image
metrics used as predictors for the image quality ranking, with an R-squared value of .775 and root mean square error of
.42. Conclusions: Our study demonstrates strong inter-rater reliability between surgeons when describing image quality
and strong correlations between image quality and the computed image metrics. A model based on these metrics enables
automatic quantification of image quality. Clinical Relevance: Video quality during arthroscopic cases can impact the
ease and duration of the case which could contribute to swelling and complication risk. This pilot study provides a
quantitative method to assess video quality. Future works can objectively determine factors that affect visualization during
arthroscopy and identify options for improvement.

Introduction
Arthroscopic surgery is growing in frequency and
comprises some of the most commonly performed
orthopaedic surgeries." Arthroscopy enables minimally
invasive techniques with improved intra-articular
visualization and potentially a quicker recovery
when compared to open surgery.” Technology and
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instrumentation associated with arthroscopic ortho-
paedic surgery have drastically changed and progressed
over the last few decades, with improvements in video
and monitor quality to 4K resolution, decreased scope
size and smaller instruments, closed loop pumps, and
improvements in image enhancement, lens, and fiber-
optics. The basic setup typically involves an arthroscopic
tower, which houses various power boxes for
motorized instruments and irrigation pumps, viewing
monitors, a light source with a light cable, and an
arthroscope and camera (Fig 1).” Arthroscopes are
telescopic cameras that contain magnifying lens systems
within a tube. Video resolution depends on multiple
factors, including the light source and transmission,
lens, and monitor quality.

Separate from arthroscopy system characteristics,
such as image resolution, the quality of the surgical
visualization can change drastically on the basis of
bleeding within the operative field. Bleeding can be
controlled via pump pressure and through other
external factors such as hypotensive anesthesia and
the use of diluted epinephrine within arthroscopy
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fluid.*>%”® Better arthroscopic field of view can enable
improved differentiation between structures within the
field of view, thus improving efficiency and the ease
associated with the procedure. On the other hand,
reduced image quality can impede the procedure, in-
crease operative time, and possibly result in complica-
tions associated with the surgery, such as increased
blood loss and postoperative swelling.

Typically, the quality of arthroscopic video has been
qualitatively described by the surgeon. In this work, we
investigate the use of general image quality metrics
(brightness, local contrast, and image entropy), along
with a metric (redness) to identify a specific factor
(bleeding), impacting arthroscopic video quality. There
is limited literature available regarding computer
quantitative descriptions of arthroscopic videos. The
purpose of this study was to determine the inter-rater
reliability of arthroscopic video quality, determine cor-
relations between surgeon rating and computational
image metrics, and facilitate a quantitative methodol-
ogy for assessing video quality. Our hypotheses were
that there would be a strong inter-rater reliability
among surgeons, the three general image quality met-
rics (brightness, local contrast, and image entropy)
would positively correlate with user ratings of video
quality, and the redness metric would negatively
correlate with user ratings of video quality.

Methods

Institutional Review Board approval (IRB; no. 20-2913)
was obtained for this study. A total of 60 deidentified
arthroscopic video clips were selected. These videos
ranged in duration from 7 seconds to 16 seconds (average
length of 11.28 seconds) and were taken from a total of
four shoulder procedures. All videos were obtained from
shoulder arthroscopy cases. Knee arthroscopy cases were
not included in our study, as a tourniquet is commonly
used to decrease bleeding. The specific videos were
selected, as we felt that they best represented different
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Fig 1. Standard arthroscopic setup at
our institution.

levels of bleeding despite using a similar equipment setup.
All cases were performed in the beach chair position and
used the same arthroscopic equipment, which captured
and recorded videos with no difference in setup video
quality: using a Stryker (Kalamazoo, MI) 1588 High
Definition 4 mm x 30-degree arthroscope with a Stryker
“T” trocar handpiece with one-way inflow and one-way
outflow design and Arthrex (Naples, FL) dual-flow
pump. The surgeries were performed by a single,
fellowship-trained sports medicine orthopaedic surgeon
(G.V.K.). Pump pressure was controlled for all surgeries,
with the pump pressure set at 50 mmHg, with lavages as
needed during the case, which increases the pressure up
to 50% for 120 seconds. Epinephrine was used in the first
two fluid bags. Blood pressure management was deferred
to anesthesia with a preference for hypotensive anes-
thesia when able to be tolerated. The videos covered a
range of visualization quality due to extrinsic factors, such
as bleeding. Five orthopaedic surgeons (three attending
sports medicine orthopaedic surgeons and two sports
medicine orthopaedic surgery fellows) reviewed each of
the 60 deidentified arthroscopic video clips. Each clip was
rated on a four-point scale from poor view to excellent
view. For the purposes of data analysis, a previously used
grading scale was used with a poor view given a value of 1,
and an excellent view given a value of 4 (Fig 2).” The
videos were randomized, and the process of viewing and
grading was completed a total of three times per reviewer
with at least 2 months between each assessment. For each
video, the 15 ratings (5 raters, 3 ratings each) were aver-
aged to calculate a single rating.

Brightness was selected to capture the general illumi-
nation level during the procedure, which could be
affected by factors, such as bleeding. Local contrast was
selected to capture the amount of fine detail in the
scene. The human visual system is most sensitive to
changes in intensity when processing small-scale details.
Redness was selected to capture a specific factor thought
to impact arthroscopic visual quality and bleeding.
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Fig 2. Representative screenshots from videos that received unanimous grading for visualization quality by all 5 participants. (A)
Unanimous score of 4: excellent view—no limitation of view, procedure unimpeded. This screen shot is taken from the beach
chair position using the posterolateral viewing portal, looking at the rotator cutf during a rotator cuff repair. (B) Unanimous score
of 3: good view—slightly limited, procedure unimpeded. This screen shot is taken from the beach chair position using
posterolateral viewing portal, looking at acromion during acromioplasty. (C) Unanimous score of 2: fair view—limited, pro-
cedure impeded slightly. This screen shot is taken from the beach chair position using the posterolateral viewing portal. (D)
Unanimous score of 1: poor view—Ilimited, procedure impeded markedly. This screen shot is taken from the beach chair position
using the posterolateral viewing portal, looking at the subacromial space during a rotator cuff repair.

Statistical Analysis

Statistical analysis was performed with intraclass
correlation (ICC) to calculate the inter-rater reliability
(IRR), as well as ¢-test with an o of .05, power of .8, and
a moderate effect size of

.3."Y Power analysis was performed to determine the
number of clips to provide appropriate power. Video
processing and analysis were conducted using the
MatLab computing platform. Each video was initially
processed using a Hough transform to compute a mask
of the circular view area, indicating valid pixels for
further processing (Fig 3)."' The four image quality
metrics were then computed for each frame, as follows:
brightness: mean pixel grayscale intensity; local
contrast: computed per pixel as the standard deviation
of the grayscale pixel intensities in the 3 x 3 neigh-
borhood centered on the pixel, and then averaged per
frame; image entropy: computed on the grayscale pixel
intensities as —sum/[p.*log2(p)]; and redness: the redness
per pixel is computed from the (r, g, b) components as
max[0, r - (9 + b) / 2], and then averaged per frame.
Image entropy is a statistical measure of randomness
that is often interpreted as the degree of information
content in an image.'”'’ Figure 4 demonstrates the
difference between the same images, but with differing
entropy. Each metric was then averaged across each
frame from a video clip to calculate the quality metrics
for that video. Correlations (Pearson’s r) were

calculated for each rating/image metric pair. Subse-
quently, a multiple linear regression model was
computed using the four image quality metrics to pre-
dict the user rating.

Results

Scatterplots of the videos were created for each user
rating/image metric pair, and the corresponding
correlations calculated. Improved image quality rat-
ing was positively correlated with increased bright-
ness, contrast, and entropy, and negatively correlated
with redness (Fig 5, Table 1, and Table 2). All cor-
relations represented statistically significant values.
The inter-rater reliability (IRR) was calculated using
intraclass correlation (ICC), with a value of .974
(95% confidence interval: .963 < ICC < .982). The
model achieved an R-squared value of .83, with a
root mean squared error (RMSE) of .368. K-fold cross
validation was also performed, achieving an RMSE of
14066 (Fig 6).

Discussion
Our study demonstrates strong inter-rater reliability
between surgeons when describing image quality, as
well as strong correlations between image quality and
image metrics, confirming our hypothesis. A more
quantitative, objective assessment of arthroscopic video
quality may be practically impactful as a way to confirm
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Processed Pixels

the effectiveness of commonly used interventions that
are believed to improve arthroscopic field of view. This
study builds upon computational literature but applies
it to assess a new field in orthopaedic arthroscopic video
quality. This computational method to assess video
quality provides a new way to describe image metrics to
arthroscopic visualization in what has only been
described qualitatively. The results indicate that our
model is able to explain 83% of the variance in the

Fig 4. Two images to demonstrate
image entropy. The first image has
entropy of 5.5128. The second is a
posterized version of the first, with a
reduced the number of grayscale
values in the image, which has en-
tropy of 1.5023.
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Computed Mask

Fig 3. Hlustration of masking process
used to identify valid pixels for pro-
cessing in each video frame.

data, with an error less than half of a point on the rating
scale. K-fold cross validation was also performed,
achieving an RMSE of .4066, indicating that the model
should generalize to new data.

Optimizing visualization of the surgical field is para-
mount to successful arthroscopy and depends on many
factors, including pathology addressed during the case,
surgeon experience or technique, and extrinsic factors.
Multiple techniques have been used in an attempt to
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improve visualization, including tourniquet use, ther-
mal electrocautery, digital pressure over portals, pump
pressure settings, and arthroscopic fluid adjuncts.'*"'>'°
Despite the benefit these various techniques provide
with improvement in arthroscopic visualization, they
are not without their potential side effects or compli-
cations and are well documented, including increased
swelling and chondrolysis.'” Other attempts to improve
visualization have been other extrinsic factors,
including hypotensive anesthesia and epinephrine in
fluid bags, which also have their share of potential
complications.'®'” Previous studies from Avery et al.,
Jensen et al., van Moortfoot et al., and Kuo et al. have
demonstrated that external options, such as hypoten-
sive anesthesia and epinephrine in fluid bags to control
bleeding and, in turn, visualization can be benefi-
cial.”>*” However, these studies are based on qualita-
tive descriptions of visual quality based on either visual
analog scales or numeric rating scales. Our study can be

Table 1. Correlation Value (Pearson’s r) and P Value for Each
Image Metric Pair

Image Metrics Correlations Correlation Value (r) P Value
Redness versus brightness —.6027 <.001
Redness versus contrast —.6518 <.001
Redness versus entropy —.7380 <.001
Brightness versus contrast 7049 <.001
Brightness versus entropy 7469 <.001
Contrast versus entropy 7522 <.001

applied to these studies to provide quantitative support
of their qualitative findings through our model. This
study may impact future studies by providing a foun-
dational framework to quantitatively describe and
confirm the effect of interventions commonly used to
improve arthroscopic field of view.

Limitations

There are several limitations to this study. First, there
were only a total of 5 participants. More participants
could change the inter-rater ratings. Second, although
the results of the K-fold cross-validation indicated that
the multiple linear regression model should generalize
to new data, it is unclear whether this extends to
different arthroscopic imaging systems, which may
have different image resolution and optics. The image
entropy metric in particular may be sensitive to such
intrinsic factors, so future work should include exam-
ining the generalizability of these metrics across imag-
ing systems. Also, only a single video system was used

Table 2. Correlation Value (Pearson’s r) and P Value for
Average User Rating and Each Image Metric

Image Metrics Correlations Correlation Value () P Value
Redness versus rating —.8626 <.001
Brightness versus rating .6120 <.001
Contrast versus rating .8013 <.001
Entropy versus rating .8142 <.001
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during all surgeries, and it is challenging to control for
other variables consistently between cases, such as
blood pressure and pump pressure. Another limitation
is that redness could be impacted by factors other than
bleeding, including pathology being addressed and
location of the scope (subacromial space vs visualizing
the central portions of the glenohumeral joint), which
could negatively impact subjective assessment of image
quality. Finally, although we have established quanti-
tative measurements for these variables, we have not
defined benchmarks to apply to show how these mea-
surements and variables are clinically relevant, such as
how a particular amount of entropy adds to the dura-
tion of time for an arthroscopic procedure, or makes it
more challenging.

Conclusions

Our study demonstrates strong inter-rater reliability
between surgeons when describing image quality and
strong correlations between image quality and the
computed image metrics. A model based on these
metrics enables automatic quantification of image
quality. We believe that our results are generalizable to
all joints. With the use of these metrics, future studies
can move to objective values for video quality. This
pilot study represents a usable, quantitative tool for
assessing the effect of extrinsic factors on arthroscopic
visualization (i.e., pump pressure, hypotensive anes-
thesia, and epinephrine in fluid bags) in further works,
which can further expand and confirm conclusions

from previous visualization studies that relied solely on
visual analog scales or numeric rating scales.
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