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This is cryoanalgesia, a new technology where we can effectively create an ice cube under
the skin, which shuts the nerve off. If we target some of the sensory nerves around the
knee and then the femoral cutaneous nerves and then the branches of the saphenous
nerve, then we can shut those nerves down and that pain goes away until those nerves

regrow.
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This paper is about the concept of cryoanalgesia. I'm go-
ing to focus on this technology and treatments around knee
pain, specifically around total knee replacement.

Unless you have been living in a bubble, then you have
probably realized we have an opioid issue (Figure 1). There
is a lot of time, energy, and effort going into determining
how to manage this and there’s a lot of data emerging.
There is some new research with patients who were opiate
naive going into a total knee replacement. If we look 15
months after surgery, 10% of those patients are still on opi-

ates. So, opiate naive going in, 15 months later, still on opi-
ates—10% of our total knee replacements.

You can make an argument that in a fair number of our
patients we’re causing harm. We’re doing a knee replace-
ment and they’re ending up in a worse position that has
nothing to do with infections, loosening, stiffness, and all
these other things. We’re creating a significant problem. So,
what can we do? What are the opportunities to innovate
and improve?
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There is paper after paper describing the issues with opi-
ate use in total joint replacement, in all the surgeries for
that matter, and the challenges that we face (Figure 3).

If we don’t take ownership of the problem, if we don’t
police it, then someone’s going to do it for us—and it’s go-
ing to be the government (Figure 4). In Louisiana, we’re
not allowed to prescribe opiates for more than seven days,
and if we do, we must write on the prescription that it’s
medically necessary, etc. But theoretically, I'm supposed to
bring the patient to my office one week after surgery if I
want to prescribe more opiates. bringing a patient back for
major surgery who lives hours away is difficult and imprac-
tical.

If we continue down this path, this is only going to get
worse, not better. We’re going to be told what we can pre-
scribe, how much we can prescribe, and that will get even
tighter. We’ve got to do a better job of managing the clini-
cal care of our patients.

We have nerve blocks, we do all this great stuff, but what
happens during that timeframe from 72 hours, three days,
four days, ten days, fourteen days after surgery? What are
the opportunities to intervene? This is where some of the
new innovations and new technologies are coming out.

This is cryoanalgesia, a new technology where we can ef-
fectively create an ice cube under the skin (Figure 5), which
shuts the nerve off. If we target some of the sensory nerves
around the knee and then the femoral cutaneous nerves
and then the branches of the saphenous nerve, then we can
shut those nerves down and that pain goes away until those
nerves regrow.

We know nerves regrow at about one millimeter per day.
So, depending on how far you freeze those nerves, theoret-
ically, that’s how long of pain relief you can get. So, these
nerves were targeting about seven centimeters proximal to
the superior pole of the patella and about five centimeters
medial to the patellar tendon. Let’s review the data around
this information and how this technology has really im-
pacted what we’ve been doing.

This is an example of me freezing the infrapatellar
saphenous nerve—a revision (Figure 6). As related to value-
based care and optimizing our patients, when you have pa-
tients like mine with BMIs of 40, 50, 60—and again, this
is New Orleans—you have some real challenges with diet
modification. You can talk about value-based care until the
cows come home, but a lot of patients are just not going to
lose weight any time soon.

But you can see I'm targeting the sensory nerves right
here about five centimeters medial to the tibial tubercle,
and I have the midline incision here (I froze those before
this revision). One day when had I started using this tech-
nology I was in the OR, made my incision and bluntly dis-
sected the soft tissues along the medial aspect of the knee
before I made my approach into the knee. And I found this
twangy thing here, and this twangy thing here and at first,
I didn’t know what I was looking at. It turns out that those
are the two branches of the infrapatellar saphenous nerve
innervating the capsule of the knee. It’s those two little
things that are creating all the headaches that we’re dealing
with. So, if I can shut those two things down, then all of a

sudden we would see tremendous changes in how patients
fare after surgery.

We are essentially shutting these two nerve branches
down just upstream, and you can see what it looks like here
(Figure 6). I started using this technology back in 2013/
2014, and I was bringing patients in and freezing these
nerves in the context of knee osteoarthritis (OA).

I had a number of patients who were bone-on-bone but
weren’t candidates for a knee replacement for whatever
reason. Backstory: in New Orleans there is something
called a second line parade that is held when someone
passes away. You celebrate that person’s life, dance with
umbrellas and everybody parties and has a good time. So, I
lined up three of my bone-on-bone patients (on whom we
had tried steroid injections, basically everything) to come
in and try this out. They said, “Dr. Dasa, I’ve got nothing to
lose, let’s try it.”

The first lady gets on the table, we numb up the skin
where we’re treating those nerves and I treat, treat, and she
feels a sharp pain, she feels this kind of sharp sensation.
Then we treat the next spot, nothing. Then we treat the
next spot, and she feels it again. She hops off the table,
grabs her umbrella, and starts doing a second line down the
hallway, and she says, “Dr. Dasa, I haven’t done this in five
years.” So, again, academics, residents, students, an N of 1,
placebo, lucky shot, whatever.

The next patient comes in—again, bone-on-bone. We
freeze those nerves, then she gets up and starts doing
squats in the exam room. Again, bone-on-bone, right? “Dr.
Dasa, I haven’t done squats like this in three years.” Inter-
esting. The next patient comes in with her walker, we freeze
those nerves, she gets up, grabs the walker, and leaves. So,
I’'m thinking, “It’s a little hard to believe what’s going on
here.”

I had no idea what to expect, and my biggest concern,
just like anyone when you’re adopting new technologies, is
to first, do no harm. So, what are the biggest things that
you’re worried about in terms of shutting down nerves?
Well, the last thing I want is a neuroma or some kind of
neuropathic issue...or cellulitis, hematoma, and all those
things. So, the patients came back after about 6-8 weeks
telling me that they had this tremendous pain relief for
those 6-8 weeks. Yes, the pain came back, but the relief they
got in that time period was pretty impressive. The problem
was that in the context of knee OA it’s not practical to be
doing this every six weeks for the rest of their lives.

But I started thinking that in the context of surgical
pain, if I could do something in those six weeks, then it
may actually make a big difference. And so, I built up the
courage about six months later to start doing this before
our knee replacements. And we had done enough of these
that I wasn’t worried about cellulitis and hematomas and
some kind of crazy nerve damage or neuroma formation.
And so, we flipped the switch. We started freezing these
nerves about a week before my knee replacement surgeries
and about a month into it one of the therapists said, “Dr.
Dasa, keep doing this.” I said, “Doing what?” “Whatever
you’re doing, you’re making our lives a hundred percent
easier. We are able to work with your patients so quickly, so
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much more easily and we’re getting outcomes at two weeks
that we typically expect at eight weeks after surgery. So,
whatever this thing is, keep doing it.”

So, I went up to the office, talked to my medical as-
sistant, and I said, “Cynthia, what have you noticed?” She
said, “Oh, we’re not getting phone calls anymore...those
calls three, five days after surgery where they hate you and
they wished they never had surgery. We’re not getting those
calls.” I'm like, “Really? You were getting calls to begin
with.” She’s like, “You have no idea what we shield you

from, Dr. Dasa, so just stay in your cocoon. Just don’t worry
about it.” So, I said, okay, fine.

My residents were telling me, “Dr. Dasa, we’ve got a
very rigid narcotic protocol, this is all you allow us to pre-
scribe at discharge, no more, no less. At two weeks when
they come back, if they ask, this is what we prescribe, no
more, no less. Six weeks, twelve weeks, they’re cut off.” So
we could very easily go back and look at my narcotic pre-
scriptions and see what changed when we started adopt-
ing this technology. Also, we had length of stay, some Pa-
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tient Reported Outcome Measurement Information System
(PROMIS), etc.

We went back and looked at the last 50 patients before
we adopted this technology and we looked at the 50 pa-
tients after we adopted this technology (Figure 7).

We found that there was no difference between the pre-
adoption group and the post-adoption group in terms of
their Knee Injury and Osteoarthritis Score (KOOS) or
PROMIS scores (Figure 8). We didn’t stack the deck in favor
of one group or another, they were both equivalent— age,
gender, and all their pain and function scores going into
surgery. But we did find that we were prescribing 45% fewer
narcotics in the cryoneurolysis group compared to the non-
cryoneurolysis group, so they were asking for 45% fewer
narcotics. At the time, this is back in 2013 and 2014, we
were doing outpatient total joints. We found that in the cry-
oneurolysis group there was a small difference in length of
stay as well with a higher chance of going home the same
day in the iovera group.

This is not to say that this technology will necessarily get
you to an outpatient total joint. But if you have patients on
the bubble going home between Day 2 or 3, or Day 1 and
2, or possibly Day 0 or Day 1, this may be an opportunity
to shift the curve to the left a little bit and there may be a
number of patients that could go home a little earlier if you
adopt some of these more innovative technologies.

As for a randomized control trial, this study was done
by one of my mentors from residency, Dr. Mihalko at the
University of Tennessee Campbell Clinic where they looked
at cryoneurolysis of the sensory nerves around the knee
prior to surgery (Figure 9). They did a prospective study,
randomizing patients two to one—two hospitals and five
surgeons, and there was a pill count. Patients brought the
opioid pills bottle in, and the research coordinator actually
counted how many pills were in the bottle. It wasn’t a ret-
rospective review in terms of what was prescribed, but we
were checking to see what the patients actually took.

The control group received standard of care and the
treatment group received cryoneurolysis about three to
seven days prior to their total knee replacement (Figure
10). They found a 34% fewer opioid consumption in the
cryoneurolysis group compared to the non-cryoneurolysis
group. But for me, that’s really not the most compelling
part of this study. No doubt it’s impressive—if you’re going
to drop opioid use by 30% over 12 weeks, that’s great. But
you’re still taking opiates out to 12 weeks, which inherently
is the problem because the more exposure you have, the
higher the risk of dependence and addiction. We should re-
ally be asking not, “What amount of opioids is the patient
taking” but, “How quickly can we get to zero?” That’s actu-
ally more important than the total amount of opiates.

They found that 45% of the patients in the cryoneu-
rolysis group are off of opiates at six weeks compared to
14%. 1 think that’s actually the most compelling part of
this—that’s what most of us want to know, “How quickly
can you get to zero?” Because if you’re still taking one Per-
cocet at 10 weeks, that’s still a problem. Ultimately, the
fundamental question is, “Can we get to an outpatient opi-
ate-free total knee?”

This is another paper that we published as well (Figure
11). Looking at things from a value-based perspective, what
concerns do employers and contractors have? They’re inter-
ested in function. They want to know when the employee
is getting back into the warehouse, getting on the ladder,
or using a forklift. From a functional improvement perspec-
tive, someone can go back to work with a pain score of 4 or
2, but you want to avoid long-term disability.

The surrogate marker for function in total knee replace-
ment is range of motion/flexion. We wanted to see how
quickly patients were getting to 90 and 120 degrees. Our
rapid recovery group had long-acting bupivacaine for their
blocks and then cryoneurolysis about a week before; our
standard total knee group that didn’t get that. We found
a significantly higher number of patients getting to 90 de-
grees of flexion earlier and a higher percentage of patients
getting the 120 compared to the normal standard of care
group (Figure 12).

I think every physician needs to have a clinical end game
because hopefully you aren’t just coming to work to bang
out a bunch of surgeries—hopefully there is a clinical goal
finish line that you’re trying to achieve. My goal was an opi-
ate-free total knee replacement. I would ask my patients
how much opiates they were taking as I was using this pro-
tocol. It was around January just before COVID hit and they
were saying, “I only took five” or “I only took two,” or “I
only took zero.” One of my patients replied, “I took all of
them.” When I asked how much pain he had been experi-
encing, he said, “None.” So I asked him why he took all the
opiates even though he didn’t have any pain. “Because you
gave them to me,” he said. I told him that the prescription
said, “as needed,” to which he said, “Then why’d you give it
to me?”

At that point I was going in circles with my patients and
banging my head against the wall. So COVID hits, we go
through that, and after we came back from COVID I warned
everybody that we were going to start steadily dropping the
opiate prescription.

We stopped prescribing opiates, and we looked to see
what happened. So, this was our first case series that we
pulled (Figure 13). We looked at our first 40 patients coming
out of COVID to see how many patients needed opiates, 32
of whom were opiate naive, and about eight patients were
on chronic opiates. Of the 32 that were opiate naive, 85%
were able to manage their pain adequately with Tylenol and
Diclofenac. So, 32 out of the 40 patients, 85% of our opiate
naive total knee replacements, were completely opiate-free
postoperatively. This was recently published in the Journal
of Orthopaedic Experience & Innovation.

We are just about done pulling the data for our next
study where we compare the group before this that did get
opiates to the opiate-free group to look at their pain scores
and function stores. We found that the opiate-free patients
had the exact same pain and function scores as the non-
opiate patients. That case-control series will hopefully be
out later this summer.

Here are two real-life examples of these patients. I did
these surgeries two weeks apart, both people in their
mid-50s, same implant, same surgeon, same hospital, same
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Figure 7.

Background: Total knee arthroplasty (TKA) is a common procedure resulting in significant post-operative pain.
Percutaneous cryoneurolysis targeting the infrapatellar branch of the saphenous nerve and anterior femoral cu-
taneous nerve could relieve post-operative knee pain by temporarily blocking sensory nerve conduction.
Methods: A retrospective chart review of 100 patients who underwent TKA was conducted to assess the value of
adding perioperative cryoneurolysis to a multimodal pain management program. The treatment group consisted
of the first 50 patients consecutively treated after the practice introduced perioperative (five days prior to
surgery) cryoneurolysis as part of its standard pain management protocol. The control group consisted of the
50 patients treated before cryoneurolysis was introduced. Outcomes included hospital length of stay (LOS),
post-operative opioid requirements, and patient-reported outcomes of pain and function.
Results: A significantly lower proportion of patients in the treatment group had a LOS of 22 days compared with
the control group (6% vs. 67%, p < 0.0001) and required 45% less opioids during the first 12 weeks after surgery.
The treatment group reported a statistically significant reduction in symptoms at the six- and 12-week follow-up
compared with the control group and within-group significant reductions in pain intensity and pain interference
at two- and six-week follow-up, respectively.
Conclusions: Perioperative cryoneurolysis in combination with multimodal pain management may significantly
improve outcomes in patients undergoing TKA. Promising results from this preliminary retrospective study war-
rant further investigation of this novel treatment in prospective, randomized trials.
Level of evidence: 1l

© 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Study Details

Table 1
Patient demographics.
Control Treatment p value
(N =50) (N=50)
Gender 0.66
Male, N (%) 14 (46.7) 16 (53.3)
Female, N (%) 36(51.4) 34 (48.6)
Age (years), mean (SD) 66.4 (9.4) 68.5 (8.2) 024
Body mass index (kg/m?), mean (SD) 309 (5.7) 32.1(53) 026

Table 2
Baseline clinical characteristics.

Variable Control Treatment p value

KOOS

Activities of daily living N 46 49 0.82
Mean (SD) 41.07 (21.97) 40.14 (17.51)

Pain N 46 49 0.57
Mean (SD) 36.04 (20.82) 38.18 (15.38)

Quality of life N 44 49 0.29
Mean (SD) 22.16 (23.42) 17.86 (15.34)

Sports and rec N 31 37 0.70
Mean (SD) 25.58 (31.54) 22.68 (29.62)

Symptoms N 46 49 0.53
Mean (SD) 44.11(19.32) 41.80 (16.74)

Oxford Knee Score N 46 46 0.97
Mean (SD) 18.72 (10.30) 18.78 (845)

PROMIS

Anxiety N 18 41 0.32
Mean (SD) 58.78 (12.88) 55.45 (11.11)

Depression N 19 45 0.5
Mean (SD) 51.03 (11.17) 49.14 (9.71)

Fatigue N 18 44 0.85
Mean (SD) 53.23 (8.74) 52.73 (10.07)

Pain interference N 18 46 0.69
Mean (SD) 65.27 (8.23)  66.13 (7.60)

Pain intensity N 18 46 093
Mean (SD) 6.83 (2.90) 6.89 (2.16)

Sleep disturbances N 17 41 0.16
Mean (SD) 54.45(941) 51.14 (748)

Social satisfaction N 18 43 0.86
Mean (SD) 39.83 (10.63) 40.42 (12.10)

Physical function N 19 43 0.12
Mean (SD) 3549 (649) 33.05 (5.17)

SF-12 mental component N 30 41 0.01
Mean (SD) 42.77 (12.28) 50.00 (10.43)

SF-12 physical component N 30 41 0.22
Mean (SD) 30.76 (7.12)  28.77 (641)

WOMAC

Function N 50 49 0.99
Mean (SD) 41.92 (22.10) 41.90 (17.00)

Pain N 50 49 0.74
Mean (SD) 41.20 (22.69) 4255 (17.74)

Stiffness N 50 49 0.39
Mean (SD) 40.82 (26.19) 36.94 (17.03)

KOOS = Knee Injury and Osteoarthritis Outcome Score; PROMIS = Patient-reported Out-
comes Measurement Information System; SD = standard deviation; SF-12 = 12-item
Short Form Health Survey; WOMAC = Western Ontario and McMaster Universities

Arthritis Index.
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Cryoneurolysis before Total Knee Arthroplasty in Patients With | Creck tor upoates,
Severe Osteoarthritis for Reduction of Postoperative Pain and

Opioid Use in a Single-Center Randomized Controlled Trial
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ARTICLEINFO ABSTRACT
erie hory Background. We hypothesized hat preoperative cryoneurelysss of the superfical genicular nerves i
Recered 13 uly 2020 patients with osteoarthritis would decrease postoperative opioid use selative to standard of care (SOC)
Receved i e s trcaement i patients undergoing total knce arthroplasty (TKA),

pliseterprmac NI Methods: Patiens received either eryoneurolysi (intent-to-treat [[TT]: n = 62) or SOC (ITT: n = 62). The
e e e vavanber 2030 group received nerves 37 days before surgery

Plus a similar preoperative, intraoperative, and oSIOPErative pain management protocol as the SOC

o ¢ the Zroup. The primary end point was cumulative opioid consumption in total daily morphine equivalents
pedic Sucgecns, from discharge to the 6-week study follow-up assessment. Secondary end points included changes in
pain and functional scores. Primary and secondary end points were assessed using ITT and per-protocol

PP) analyses.

Keyworts Results: The primary end point was not met in the ITT analysis (48 [cryoneurolysis] vs 6.1 [SOC| mg: P
ayoanalgesia (0841) bust was met in the PP analysis (42 vs 5.9 m: P ~ 0186) after excluding patients with medication
knes seplacement deviations or missing follow-up data Compared with the SOC group. the cryoneurolysis group had

d es across allfoll ssments,

with significant impravements observed in current pain from baseline to the 72-hour and 2-week
follow-up assessments and pain in the past week from baseline to the 12-week foll
Conclusion: Fusdings from the PP analysis suggest that preoperative cryoneurolysis in patients with knee
‘osteoarthaitis can reduce opioid consumption and improve functional outcomes after TKA
© 2020 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND
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mulumodal ansigesss
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patella resurtacing in all patients.
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Knee arthroplasty is a commonly performed surgical procedure
in the United States, with 600,000 procedures performed annu-
ally [1]. Total knee arthroplasty (TKA) can result in severe post-
operative pain, and opioids are a primary component of
perioperative pain management [2]. However, persistent post-
operative opioid use s an important concern. Clinical evidence
from patients undergoing TKA idicates that approximately one-
third of patients still consume opioids 3 months after surgery
13,4]. The risk of developing persistent postoperative opioid use is
evident in patients undergoing TKA who are opioid naive at the
time of surgery and is exacerbated in those consuming opioids
preoperatively [5]. For this reason. it is entical that orthopedic
surgeans balance effective pain management with the minimiza-
tion of the risk of persistent opiaid use.

Over the past decade, orthopedic surgeons have implemented
multimodal pain management protocols because they have been

harps:do /10 101674arth.2
0883540310 2020 The Authors. Pablished by Elsevier Inc Thi s 30 open acess rticle undes the CC BY-NC-ND lcensa (et [creativcommons g licsnios by-sc-nd/4 0]}
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Figure 9.

6(5):1590-1598.

Study Design

Single Site (Campbell Clinic)
Prospective (N=124)

2 hospitals, 5 surgeons
Randomized 1:1

Study Groups

Control group = Standard of
Care TKA

Treatment group = iovera® 3 to
7 days prior to TKA
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Clinical Study

Results for the iovera® group demonstrated both a reduction in opioid use and an improvement in KOOS symptom
score with a per-protocol analysis, but not with an intent to treat analysis

 Results for the iovera® group

demonstrated both a reduction in
opioid use and an improvement in KOOS JR Score Improvement

symptom score
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Figure 10.
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Figure 11.

Retrospective, Single Center Study

L )

N=323
Standard Recovery Protocol (SRP) = 129
Rapid Recovery Protocol (RRP) = 124

Methods

Retrospective review of 323 patient charts who
underwent primary TKA

Single Orthopedic Surgeon

RRP included education, iovera® use ~7 days prior
to procedure, using an adductor nerve block
during surgery, quickly enrolling patients in post-
op physical therapy and reassessing multimodall
pain management by limiting or eliminating post-
operative narcotics

Knee ROM assessed at peri-operative visit and
scheduled post-operative visits for up to 1 year
Differences in mean LOS between groups were
compared using Poisson regression with and
without adjustment for covariates
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Rapid vs Standard Recovery Protocol Is Associated With Improved
Recovery of ROM 12 Weeks After TKA — Knee Flexion and Knee
Flexion Contracture
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+  Compared with an SRP, an RRP reduces the LOS and facilitates faster attainment of
clinically meaningful recovery of the knee ROM in patients undergoing a primary TKA

« All patients, regardless of recovery protocol type, experienced the largest improvement in
flexion and flexion contracture during first 12 weeks after surgery

TKA=total knee arthroplasty; ROM=range of motion; SRP=standard recovery protocol; RRP=rapid recovery protocol LOS =length of stay.
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OPIOID USE FOLLOWING TKA
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Pain NRS Score

Two thirds of patients (67.5%; n=27) were able to recover I
from TKA without using oral opioids. Whereas all 8 (100%) 2

Before Surge 2 Weeks Post TKA 3 Months Post
of the experienced opioid users required opioids after TKA, -

only 5 of 32 (15.6%) opioid-naive patients required postop- sl s

erative opioids (Table 2). Opioid-experienced patients had a & 700

higher mean number of post-TKA opioid prescriptions (3.1 g0

vs. 1.6) and mean total morphine milligram equivalent (985 2400

vs. 265) than opioid-naive patients. Among the 32 opioid- §§§§

naive patients, 3 of the 9 (33%) who did not receive cry- 100 l

oneurolysis required opioids after TKA compared with only " BeforeSurgery  2Weeks Post 3 Months Post
2 of the 23 (8.7%) who received cryoneurolysis. — NT;Z:M & e

Figure 2. Pain Numerical Rating Scale (NRS) Score
(a) and KOOS Pain Subscale Score (b) Over Time by 16
Post-TKA Opioid Use Status

Figure 13.
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With and without
cryoneurolysis

« Mid 50’s

« Same implant
¢ Same surgeon
« Same hospital
« Same nurses
« Same month

Figure 14.

everything (Figure 14). And guess which patient had the
preoperative cryoneurolysis and which patient didn’t?

It’s pretty compelling to see what is possible if you have
a comprehensive approach, a holistic approach, and are not
thinking about getting the patient out the door so their
length of stay is zero, but you’re actually concerned about
them at days 7, 10, 14, and on. You can start thinking about
things strategically and how far upstream we can intervene
compared to just writing about 100 Percocets at the time of
discharge.

In the state of Louisiana, we have got an opioid dash-
board that is sent to every physician in the state—I think
it’s every six months (Figure 14). And so, you are compared
to your peer group. Here I am being compared to 25 other
physicians within my peer group. So, in this time frame,
from April 1, 2021 to September 30, 2021, I prescribed opi-
ates to 11 patients, whereas my peer group was 100. So, it
is possible to get to an outpatient opiate-free total knee re-
placement. Because of that, we have now changed our en-
tire post-operative protocol. We front-loaded all our physi-
cal therapy, and our patients are back to work at 6-8 weeks
after total knee replacement compared to the traditional
three or four months.

If you work together and everyone understands his or her
role, then you can get to an opiate-free total knee replace-
ment. This is two weeks after surgery (Figure 14). I'm pretty
surprised that there are still a lot of people doing general
anesthesia for total knee replacements. So some people still
haven’t even left the top row, let alone get down to here.

But can we go from that top row at the bottom now, to
this kind of true multimodal longitudinal management of
our patients? This would mean really looking out for them
over the entire episode of care to reduce costs and improve
quality.
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Figure 15.
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