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Introduction: Pain management following total knee arthroplasty (TKA) is crucial for
patient care and recovery. While opioid analgesics have traditionally been used, concerns
over their adverse effects and the opioid epidemic have driven exploration of alternative
pain management strategies. Multimodal (MM) pain control, targeting multiple pain
pathways, has emerged as a promising approach, encompassing various medications and
administration routes. Cryoneurolysis, a non-opioid therapy, has garnered attention for
its potential in acute pain management, including its use before and after TKA.

Methods: This study is a systematic review aiming to evaluate the efficacy and safety of
cryoneurolysis as a method for managing perioperative pain in TKA. Primary outcomes
include a reduction in opioid consumption and length of hospital stay, while secondary
outcomes encompass functional and pain-related scores.

Results: Seven of 434 studies met inclusion criteria. Published between 2016 and 2023,
these included five retrospective studies and two randomized controlled trials, involving
a total of 794 patients (38.3% male, 61.7% female). Most studies had a clearly defined
control group, and the mean age of participants was approximately 66.6 years. The
methodological assessment indicated a moderate to low risk of bias. Results
demonstrated that cryoneurolysis reduced opioid consumption and improved pain and
functional outcomes compared to control groups, including shorter hospital stays,
improved range of motion, and pain score improvements.

Conclusion: Cryoneurolysis presents a promising option, with evidence suggesting its
potential to reduce opioid consumption and improve patient outcomes in the face of an
opioid epidemic. However, challenges and barriers to its widespread use remain,
including technical complexities and the need for further high-quality evidence.
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2040 and up to a 460% rise by 2060 (Shichman, Roof,
Askew, et al. 2023). This surge underscores the imperative
to optimize patient care in perioperative settings.

Effective postoperative pain management is integral to
recovery following TKA. Poorly managed pain can lead to
adverse effects, including increased sympathetic tone, de-
creased bowel function, immune system disruption, and
heightened susceptibility to chronic pain (Moucha, Weiser,
and Levin 2016). Traditionally, opioid analgesics have been
the cornerstone of pain control, but their use is associated
with numerous adverse reactions, leading to escalated hos-
pital costs and prolonged lengths of stay (Li, Ma, and Xiao
2019).

In recent years, efforts to enhance postoperative pain
management following TKA have intensified. Despite ad-
vancements in surgical techniques, effective pain relief re-
mains a significant challenge, necessitating innovative in-
terventions. Multimodal (MM) pain control, which includes
nerve blocks, local injections, patient-controlled analgesia
(PCA), and both opioid and non-opioid medications, has
emerged as a widely employed regimen for TKA patients
(Moucha, Weiser, and Levin 2016). MM pain regimens tar-
get multiple pain pathways simultaneously, mitigating the
adverse effects associated with opioid overuse.

Preoperative pain control, by potentially reducing the
likelihood of hyperalgesia during surgery, can improve
postoperative pain outcomes (Li, Ma, and Xiao 2019). By in-
tervening before tissue injury, preoperative analgesia can
prevent central nervous system sensitization and reduce
the risk of chronic pain (Moucha, Weiser, and Levin 2016).
Intraoperative pain control includes general or neuraxial
anesthesia and local tissue infiltration, while postoperative
control encompasses opioid and non-opioid medications,
neuraxial anesthesia, nerve blocks, and PCA (Li, Ma, and
Xiao 2019).

The opioid epidemic in the United States has spurred
the increased utilization of MM pain control, driving the
exploration of non-opioid therapies (Radnovich, Scott, Pa-
tel, et al. 2017). Cryoneurolysis, originally used for chronic
pain treatment, has gained traction for acute pain manage-
ment. This technique involves blocking superficial sensory
nerves through the application of cold temperatures, dis-
rupting nerve function while preserving nerve bundle in-
tegrity, thus allowing for regeneration and functional re-
covery (Radnovich, Scott, Patel, et al. 2017).

Although relatively new to TKA, cryoneurolysis has
shown promising outcomes for pre- and postoperative ad-
ministration. Studies have shown significant reductions in
overall narcotic consumption and improved pain and func-
tion scores during the early postoperative period following
TKA (Dasa et al. 2016; Radnovich, Scott, Patel, et al. 2017).
Commonly targeted nerves in TKA include the infrapatellar
branch of the saphenous nerve (IPSN) and the anterior
femoral cutaneous nerve (AFCN) (Dasa et al. 2016). Cry-
oneurolysis has been commercially utilized for approxi-
mately 50 years without permanent nerve damage, with
only isolated cases of neuritis reported (Radnovich, Scott,
Patel, et al. 2017).

Given the relative novelty of cryoneurolysis in postoper-
ative pain control, there remains a lack of comprehensive
synthesis of current evidence on this topic. Therefore, the
purpose of this study is to evaluate and consolidate existing
evidence regarding the efficacy and safety of cryoneurolysis
as a method for managing perioperative pain following
TKA.

METHODS

SEARCH AND SCREENING STRATEGY

A literature search of PubMed and Scopus databases was
conducted using the boolean search terms, ((“cryoneurol-
ysis” or “lovera”) AND (“knee”)) and (cryoneurolysis AND
(“knee” or “total knee” AND arthroplasty)). Articles were
screened by title and abstract by two reviewers (JW and NG)
and were included based on the following inclusion criteria:
1) Primary data involving cryoneurolysis in TKA 2) Peer-
reviewed full-text manuscript 3) Published in English. Ar-
ticles were excluded if they were 1) Not primary data in-
volving the use of cryoneurolysis in TKA (literature reviews,
case reports, or case series) 2) Not full-text peer-reviewed
(abstract, commentary, poster, or letter) 3) Not published in
English. After title and abstract screening was finished, the
articles remaining were then confirmed to meet inclusion
criteria by full-text review. A backward citation search us-
ing the references of included articles was also performed.

DATA EXTRACTION AND OUTCOMES OF INTEREST

Articles were subjected to a data extraction process. Demo-
graphic and study variables included sex, age, BMI, comor-
bidities, implant type and cryoneurolysis nerve target. Pri-
mary outcomes included reduction in narcotic consumption
(reported as MME) and length of hospital stay. Secondary
outcomes included preoperative and postoperative WOMAC
score, VAS pain score, SF-36 and/or SF-12 scores. Finally,
data regarding adverse outcomes related to cryoneurolysis
treatment were also collected as reported.

RISK OF BIAS ASSESSMENT

The Newcastle-Ottawa Quality Assessment Scale (NOS) and
scoring assessment was used to assess the methodological
quality among all studies included in the systematic review
by two reviewers. Three key areas were assessed by the
NOS for a maximum score of 9 points: “selection of partic-
ipants” accounted for 4 points, “comparability” accounted
for 2 points, and “outcome assessment” accounted for 3
points. Reviewers gathered information based on represen-
tativeness of the exposed cohort (cryoneurolysis in TKA),
selection of the control, exposure, and the outcome of in-
terest. Comparability assessed the fundamental study de-
sign of the cohorts. Finally, outcomes were assessed to de-
termine follow-up length and adequacy (12 weeks of follow
up data) in each cohort. Studies receiving a score of 7 —
9 points were classified as “high” quality, 5 - 6 points as
“moderate” quality, and a score of 0 - 4 points as “poor”
quality.
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RESULTS

SEARCH RESULTS, STUDY CHARACTERISTICS AND
DEMOGRAPHIC DATA

Initial search results identified 622 total articles. After du-
plicate removal 434 unique articles remained, of which 7
were identified for inclusion in the study (Figure PRISMA).
The seven studies included in this review were all published
between 2016-2023. Five of the studies had a retrospective
design and two were randomized control trials. Two studies
had a level of evidence (LOE) of one and five studies had a
LOE of three. Additional information of the included stud-
ies are further explained in Table 1. Across all seven stud-
ies, a total of 794 patients (38.3% male, 61.7% female) were
identified. Six out of the seven studies had a clearly de-
fined control group and had a pooled mean age of 66.6
years (range: 66.5 - 66.8 years). Five studies had a single
control group that was clearly defined and had a pooled
mean age of 66.7 years (range: 66.6 - 66.8 years). Fur-
thermore, six studies used the Iovera method for cryoneu-
rolysis. The study by Swisher et al. used a 14-gauge cry-
oneurolysis probe that was connected to a console-based
cryoneurolysis machine. All seven of the studies assessed
the impact of pain management through cryoneurolysis of
the anterior femoral cutaneous nerve (AFCN) and the Infra-
patellar Branch of the Saphenous Nerve (ISN) in TKA pro-
cedures. Demographic characteristics and treatment para-
meters are further explained in Table 2.

METHODOLOGICAL ASSESSMENT AND RISK OF BIAS

The mean # standard deviation of the MINORS score for the
seven studies was 17.9 (range, 15.6 to 20.17). 3 studies were
deemed to have a low risk of bias, whereas 4 studies were
deemed to have a moderate risk of bias. No studies had a
high risk of bias.

STUDY DESIGNS

Five studies that were included in this systematic review
had a control group in which patients did not receive cry-
oneurolysis and simply received the current standard of
care before undergoing TKA. The study by Swisher et al.
had a control group in which patients received a sham pro-
cedure. The study by van Deventer et al. had a control group
in which the patients did not receive treatment through a
multimodal pain protocol.

Six studies that were included in this systematic review
had an experimental group in which patients received cry-
oneurolysis prior to undergoing TKA. The study by van De-
veneter et al. had an experimental group in which patients
received treatment through a multimodal pain protocol af-
ter undergoing TKA.

The treatment protocol for the seven studies included
varied. In the study by Dasa et al. all patients underwent
TKA. The patients in the treatment group received cryoneu-
rolysis and multimodal pain management treatment five
days before undergoing TKA. The study by Jennewine et al.
had an experimental group in which patients received cry-

oneurolysis treatment, but they were further sub grouped
into small, medium, and large categories based on their an-
terior thigh depth relative to the femur. In the studies by
both Jennewine et al. and Mihalko et al., all patients who
received cryoneurolysis underwent the procedure three to
seven days before their scheduled TKA. In the study by
Lung et al., cryoneurolysis was administered one week be-
fore patients underwent their scheduled TKA procedure by
a fellowship-trained orthopedic surgeon. In the study by
Swisher et al, the sham and cryoneurolysis procedures were
both performed preoperatively without a specified or stan-
dard time frame. All the patients in this study were 18
years or older and underwent a primary unilateral TKA with
a planned single injection or a continuous adductor canal
block. In the study by Urban et al, all patients received
cryoneurolysis treatment preoperatively, after they had re-
ceived local anesthesia. In the study by van Deventer et
al, all patients received cryoneurolysis and were split up
into two groups to assess opioid usage. One group was pre-
scribed opioids only upon request, whereas the other group
was prescribed opioids automatically at the time of dis-
charge. All patients in this study underwent a primary uni-
lateral TKA by a single fellowship-trained orthopedic sur-
geon. The study designs for the seven included studies are
in Table 2 which summarizes the treatment parameters
and the cohort of interest for each study.

OUTCOMES

All seven of the studies included in this systematic review
reported a decrease in the MME amongst the cryoneurolysis
group compared to the control group. The study by Dasa
et. al reported that the treatment group required 45% less
opioids during the first 12 weeks after TKA. The morphine
equivalents reported for the control group were 3764.42 mg
+ 287.95 mg and 2069.12 mg * 132.09 mg for the treat-
ment group (p < 0.0001). The study by Jennewine et al. re-
ported that the small cryoneurolysis group showed a de-
crease in their opioid consumption, as measured by total
MME, at the two (54.3 % 69.6), six (16.8 * 35.6), and twelve
(1.3 £ 3.2) week marks compared to the control group. The
MME for the small group was significantly decreased at two
weeks compared with the medium group (54.3 vs 142.9, p
= 0.0097). The study by Mihalko et al. utilized an inten-
tion-to-treat (ITT) protocol with respect to prescribing opi-
oids to patients who underwent TKA. The primary end-
point, however, was not met (4.8 cryoneurolysis vs 6.1 mg
standard of care (SOC); p = 0.0841). Despite this, the study
reports that the per-protocol (PP) endpoint was met (4.2
vs 5.9 mg; p = 0.0186). The study by Lung et al. reported
that patients treated with cryoneurolysis had fewer MME
requirements overall in both the inpatient and outpatient
settings. The study by Swisher et al. reported that the treat-
ment group had decreased opioid consumption. The study
by Urban et al. reported that during the hospital stay, the
cryoneurolysis group had 51% lower daily MMEs (47 vs 97
MMEs; ratio estimate = 0.43 - 0.56); p < 0.0001) compared
to the control group. Two weeks postoperatively, the cry-
oneurolysis group received significantly fewer cumulative
MMESs, compared to the control group (855 vs 1,312 MMEs;
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Table 1. Characteristics of Included Studies

Study Author Year

Journal Study Design Risk Quality
of Analysis

Bias

Percutaneous freezing of sensory Dasaetal. 2016
nerves prior to total knee

arthroplasty

Knee Retrospective Low

Cohort

High

Jennewine 2023

etal.

Body habitus impact on success of
cryoneurolysis for postoperative
total knee arthroplasty pain
control: a retrospective cohort
study

Arthroplasty Fair Fair

Today

Retrospective
Cohort

Cryoneurolysis before total knee Mihalko et 2021
arthroplasty in patients with severe al.
osteoarthritis for reduction of
postoperative pain and opioid use in
a single-center randomized control

trial

The Journal Randomized Low
of Control Trial

Arthroplasty

High

Cryoneurolysis is a safe, effective 2022
modality to improve rehabilitation

after total knee arthroplasty

Lungetal.

Life (Basel) Retrospective Fair Fair

Cohort

A randomized controlled pilot study Swisher et 2022
using ultrasound-guided al.
percutaneous cryoneurolysis of the
Infrapatellar branch of the
saphenous nerve for analgesia

following total knee arthroplasty

Randomized Fair Fair

Control Trial

Pain and
Therapy

A multimodal pain management Urban et 2021
protocol including preoperative al.
cryoneurolysis for total knee

arthroplasty to reduce pain, opioid

consumption, and length of stay

Arthroplasty Low

Today

Retrospective
Cohort

High

A modern multimodal pain protocol 2023
eliminates the need for opioids for
most patients following total knee
arthroplasty: results from a

retrospective comparative cohort

study

van
Deventer
etal.

Journal of Fair Fair
Experimental

Orthopaedics

Retrospective
Cohort Study

ratio estimate = 0.59 - 0.73); p < 0.0001). A similar finding
was observed during week six (894 vs 1,406 MMEs; ratio es-
timate = 0.57 - 0.71; p < 0.0001). The study by van Deven-
ter et al. reported that without compromising pain or func-
tion, a higher percentage of the “upon request” group was
opioid free three months after TKA compared to the “au-
tomatic” group (55.6% vs 4.3%; p < 0.0001). Furthermore,
amongst the opioid-naive patients, 72% in the “upon re-
quest” group were opioid free after 3 months postopera-
tively compared with 5.4% in the automatic group. How-
ever, regardless of the postoperative pain control protocol,
opioid prescriptions were not significantly reduced among
opioid-tolerant patients.

All seven of the included studies in this systematic re-
view highlight improved patient-reported outcomes
amongst patients who underwent cryoneurolysis compared
to the control group. The study by Dasa et al. reported
that the treatment group (KOOS = 41.80 * 16.74) reported
a statistically significant reduction in symptoms at the six-
and 12-week follow-ups compared with the control group
(KOOS = 44.11 # 19.32). However, the control (KOOS = 6.83
+2.90, 65.27 * 8.23) and treatment groups (KOOS = 6.89
2.16,66.13 * 7.60) reported within-group significant reduc-

tions in pain intensity and pain interference at the two- and
six-week follow-ups respectively. The study by Jennewine
et al. reported that the rating for pain decreased signifi-
cantly between small and medium groups (3.4 vs 4.0, p =
0.012) and between medium and large groups (4.0 vs 2.4, p
= 0.012). The range of motion (ROM) also increased at 12
weeks for the small group compared to the medium group
(118 vs 112, p = 0.042). The study by Mihalko et al. reported
that compared with the SOC, the cryoneurolysis group had
improved functional and pain scores with significant im-
provement observed in current pain measured from base-
line to the 72-hour and two-week follow-up assessments
postoperatively (p = 0.0023 and 0.0074 respectively). Pain
was also significantly improved from the final week preop-
eratively to the 12-week follow-up assessment (p = 0.0256).
The study by Lung et al. reported that patients who received
cryoneurolysis demonstrated significantly improved ROM
at six weeks and KOOS JR and SF-12 mental scores at one
year postoperatively compared to the control group. The
study by Swisher et al. reported that the treatment group
demonstrated a slight improvement in pain scores postop-
eratively compared to the sham group. This study also re-
ported a lower incidence of sleep disturbances overall in
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Table 2. Demographic Characteristics and Treatment Parameters for Cryoneurolysis

Study Cohort M:F Age Cohort of Interest Nerve Treatment Cryoneurolysis
(N) (Mean) Target Parameters Method
Dasaetal. 100 30:70 66.4 TKA AFCN, Cryoneurolysis lovera
(2016) (9.4) IPBSN plus multimodal
pain
management
was performed 5
days before
surgery
Jennewine, 114 57:57 68.5 Patients ages 22-79 AFCN, Cryoneurolysis lovera
Wing, and (8.2) who underwent IPBSN 3-7 days before
Mihalko primary unilateral TKA TKA
(2023) due to osteoarthritis
and had an anticipated
discharge to home
following the procedure
Mihalko et 96 45:51 66.1 Patients ages 22-79 AFCN, Cryoneurolysis lovera
al. (2021) (7.7) who were scheduled to IPBSN 3-7 days before
undergo primary TKA
unilateral TKA as a
result of osteoarthritis
with anticipated
discharge to home
Lung, 57 20:37 68+7 Patients who AFCN, Cryoneurolysis 1 lovera
Karasavvidis, underwent TKA by a IPBSN week before
Sharma, et fellowship-trained TKA
al. (2022) orthopaedic surgeon
Swisher et al. 16 6:10 68 Patients ages 18 years IPBSN Single-injection A 14-gauge
(2022) (64-72) or older presenting for adductor canal cryoneurolysis
unilateral primary total nerve block was probe
knee arthroplasty with performed connectedto a
a planned single- before console-based
injection or continuous randomization to cryoneurolysis
adductor canal block the machine
cryoneurolysis (PainBlocker,
group. The Epimed
patient then International,
immediately Farmers
underwent TKA Branch, TX)
following
cryoneurolysis
Urban, 267 102:165 66(9) Optimized preoperative AFCN, Administered to lovera
Dolesh, and cryoneurolysis to all IPBSN conscious
Martin patients undergoing patients after
(2021) TKA as part of its local anesthesia
standard multimodal 8-11 days before
perioperative pain TKA
protocol
Deventer et 144 44:100 Consecutive patients AFCN, Cryoneurolysis 5 lovera
al. (2023) who underwent IPBSN days before TKA
primary unilateral TKA
by a single fellowship-
trained orthopedic
surgeon between
January 2019 and
August 2021 using an
enhanced recovery
TKA protocol. All
patients underwent
cryoneurolysis

*The superficial geniculate nerves - Infrapatellar branches of the saphenous nerve (IPBSN) and Anterior femoral cutaneous nerve (AFCN)

the treatment group. The authors explained this reduction
in sleep disturbances within the treatment group was most
likely attributed to an improvement in acute pain 4-21 days
postoperatively. The study by Urban et al. reported that
the cryoneurolysis group had a 22% significant reduction in
mean pain scores (ratio estimate = 0.70 - 0.88; p < 0.0001)
compared to the control group.

Three studies reported the impact of cryoneurolysis on
the length of stay. The study by Dasa et al. reported a

significantly lower proportion of patients in the treatment
group had a length of stay (LOS) greater than or equal to
two days, compared with the control group (6% vs 67%, p
<0.0001). The study by Lung et al. reported that although
it was not found to be statistically significant, patients
treated with cryoneurolysis had a shorter length of stay in
the hospital (2.5 vs 3.5 days). The study by Urban et al. re-
ported that the cryoneurolysis group had a 44% reduction
in the overall LOS which was statistically significant (p <
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Table 3. Summary of Study Outcomes

Study Pain Outcomes Opioid Reduction PROM Outcomes Mobility Other
Outcomes
Dasaetal. | PROMIS pain | cumulative morphine equivalence Greater reduction in None | Length of
(2016) intensity scores at two during 12 weeks following surgery KOOS symptoms hospital stay (22
and 6 weeks weeks (45% less narcotics compared to the SUbSC_ale score from days; 57.3% in
post-surgery control group) baseline to six-and control group vs.
12week post- 6.1% in treatment
operative visits in group)
treatment vs. -No local
control infections, excess
bleeding, or local
soft tissue
necrosis, N0
persistent
numbness
reported in the
treatment group
Jennewine, 1 NRS-now scores in all | in morphine equivalence for small 1 KOOS JR scores at t ROM was seenin None
ang, and 3 treatment groups body habitus at 2 weeks, 6 weeks, and 72 hours for medium small body habitus
Mihalko (small, medium, and 12 weeks, medium body habitus at 12 and large body at 72-hour and 12
(2023) large body habitus) weeks, large body habitus at 72 hours habitus. weeks and in large
compared to control No correlation was noted in morphine 1 KOOS JR scores body habitus at 2
equivalents based on body habitus at for all 3 groups at weeks and 6
72-hour, 6-week, and 12-week 2-weeks weeks post-op
Mihalko et L NRS scores at | opioid usage at 72-hour, 6-week, and 1 KOOS JR scores in No difference in No difference in
al.(2021) 72-hour and 2-week 12-week. treatment vs control ROM at 6 weeks post-operative
postoperative 1 29% total opioids used in the with the most and 12 weeks complications
treatment group compared to the §igniﬁcant
control in the 12 weeks improvement at
2-week, 6-week, and
12-week
Lung, No improvement in No difference in milligram morphine 1 KOOS interval No difference in No difference in
Karasavvidis, VAS inpatient pain equivalents during the inpatient stay difference from pre- ROM treatment the length of
Sharma, et scores, Interval KOOS and at any of the post-operative op to 12 months compared to hospital stay
al.(2022) JR and SF 12 mental assessments. 1 SF 12 mental score control. 1 estimated blood
and physical scores 5t 12 months loss in the
treatment group
vs. control.
Swisher et al. No statistical analysis No statistical analysis was performed No statistical No statistical No statistical
(2022) was performed because of the small sample size analysis was analysis was analysis was
because of the small performed because performed performed
sample size of the small sample because of the because of the
size small sample size small sample size
Urban, 22% reduction in | cumulative MMEs at discharge, 2 None t Flexion ROM Linoverall length
Dolesh, and adjusted mean pain weeks and 6 weeks upon discharge of hospital stay
Martin scores during the 35% reduction in opioid intake at 2 TExtension ROM (22days 17%vs
(2021) h0§p|tal stay and was weeks and 36% reduction at 6 weeks scores at 6 weeks 99% treatment vs
62% less likely to have 68% less consumption of total opioids control)
amean pain score 24. in MMEs during hospital stay
(treatment vs control)
1 proportion of patients in the
cryoneurolysis group receiving 21
opioid prescription than the control
group at 2 weeks (51% vs 26%), but no
difference at 6 weeks.
Deventer et No difference in KOOS 1 number of opioid requests within 3 None None None
al.(2023) pain, KOOS symptoms, months after surgery among opioid-
KOOS ADL, KOOS naive patients. (72% did not receive
QOL, PROMIS-29 pain any opioids). No difference in opioid-
interference, and pain experience patients.
intensity at 2 weeks 1 in MME for initial opioid prescriptions
and 3 months .
and total MME for all opioid
Both groups showed T L .
improvement in all prescrlptlops inthe op|0|d-§xper|enced
group despite cryoneurolysis when
scores after 3 months . .
obtained from a non-orthopedic
provider. No difference in opioid-naive
patients.

PROMIS = Patient-reported Outcomes Measurement Information System, KOOS JR, Knee Injury and Osteoarthritis Outcome Score Joint Replacement; NRS-now, pain numerical rat-
ing score now; NRS-7, pain numerical rating score in last 7 days; ROM, range of motion; ADL, Activities of daily living; QOL, quality of life; SF 12, Short Form Survey 12; VAS, Visual

Analog Scale

0.0001) and had improved knee flexion at discharge (p <

DISCUSSION

0.0001). The study by Lung et al. was also the only study

to comment on complications and reported no difference in
rates between the treatment or control group. For a concise
summary, each study’s measured outcomes are summarized

in Table 3.

Cryoneurolysis, a relatively novel approach for periopera-
tive pain management in TKA, has garnered attention for
its potential to mitigate opioid consumption and improve
postoperative outcomes. Our study aimed to comprehen-
sively evaluate its efficacy and safety, revealing significant
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reductions in opioid consumption, acute pain levels, and
improvements in postoperative functional outcomes (Mi-
halko et al. 2021; Urban, Dolesh, and Martin 2021). The ap-
plications of cryoneurolysis extend beyond TKA to other or-
thopedic procedures, providing a foundation for its broader
adoption (Dasa, Lensing, Parsons, et al. 2014)

The escalating prevalence of TKA procedures under-
scores the urgent need for effective multimodal pain man-
agement strategies (Maradit Kremers, Larson, Crowson, et
al. 2015). Cryoneurolysis, amidst the opioid crisis gripping
the United States, offers a non-opioid pharmacologic inter-
vention with promising outcomes (Li, Ma, and Xiao 2019).
Originating from centuries-old cryotherapy practices, mod-
ern advancements have facilitated its adoption in clinical
settings, demonstrating efficacy in various surgical con-
texts (Dasa et al. 2016). Concomitant use of imaging studies
such as ultrasound, computed tomography (CT), and mag-
netic resonance imaging (MRI) have advanced the admin-
istration accuracy (Trescot 2003). With the FDA-approved
handheld cryoneurolysis device and ultrasound guidance,
its use has been promoted in both office and outpatient
hospital settings for acute and chronic pain (Trescot 2003;
Biel et al. 2023). The cryoneurolysis technique as described
by Dasa et al. includes finding either the anterior femoral
cutaneous nerve and its branches 7 centimeters (cm) prox-
imal to the superior pole of the patella, or the infrapatellar
branch of the saphenous nerve 5 cm medial to the patellar
tendon (Dasa et al. 2016). Treatments consist of a series
of warming and cooling of the needles and normally last
anywhere between 7 to 8 minutes for each nerve (Dasa et
al. 2016). Temperatures between -20 degrees and -60 de-
grees Celsius have been shown to result in Wallerian degen-
eration of the nerve (Dasa et al. 2016). This occurs distal
to the region being treated with disruption of the myelin
sheath; however, preservation of the structural anatomy
of the nerve including the endoneurium, perineurium, and
epineurium is maintained (Dasa et al. 2016). As described,
this local mechanism of injury allows for axonal regenera-
tion and remyelination of the sensory axon typically within
a few weeks to months following treatment (Dasa et al.
2016).

Interchangeably referred to as cryotherapy or cryoab-
lation, cryoneurolysis has showcased its versatility across
medical disciplines. Studies in thoracotomies, mastec-
tomies, and shoulder arthroplasties have underscored its
efficacy in providing prolonged postoperative pain relief,
setting the stage for its application in TKA (Trescot 2003;
Radnovich, Scott, Patel, et al. 2017). Notably, cryoneurol-
ysis targeting specific nerves in TKA, such as the infrap-
atellar and adductor canal nerves, has yielded notable im-
provements in functional outcomes and pain scores
postoperatively (Mihalko et al. 2021; Urban, Dolesh, and
Martin 2021; Lung, Karasavvidis, Sharma, et al. 2022).
Studies have demonstrated its effectiveness in reducing
postoperative pain and opioid consumption, highlighting
its potential in multimodal pain management protocols for
TKA (Memtsoudis, Sun, Chiu, et al. 2013; Moucha, Weiser,
and Levin 2016).

Despite promising outcomes, integrating cryoneurolysis
into routine clinical practice presents challenges. The tech-
nical proficiency required for its administration, coupled
with transitioning to ultrasound-guided procedures, poses
a learning curve for healthcare providers (Biel et al. 2023;
Jennewine, Wing, and Mihalko 2023). Cost considerations
and patient discomfort, including localized numbness, war-
rant careful consideration (Trescot 2003; Radnovich, Scott,
Patel, et al. 2017). Addressing these challenges necessitates
comprehensive training programs and informed patient
discussions to ensure optimal outcomes and mitigate po-
tential barriers to adoption (Dasa, Lensing, Parsons, et al.
2014).

While cryoneurolysis offers a safe alternative to pharma-
cologic interventions, inherent risks, including tissue dam-
age and discomfort, must be acknowledged (Biel et al. 2023;
Jennewine, Wing, and Mihalko 2023). Patient selection cri-
teria, contraindications, and thorough pre-procedural as-
sessments are pivotal in minimizing adverse events and op-
timizing patient outcomes (Trescot 2003; Radnovich, Scott,
Patel, et al. 2017). As with any study, there were limita-
tions to this article, one of which being the low number
of studies used in the final analysis. The scarcity of stud-
ies included was likely related to the strict inclusion cri-
teria and the current paucity in the literature regarding
this alternative treatment option in TKA. With a smaller
cohort, there is a potential for overestimating results and
drawing conclusions from lower-powered studies. Another
limitation of this paper was the vast heterogeneity in out-
comes measured between the respective studies included
and thus did not allow us to include a forest plot for com-
parison of data between studies. These studies primarily
included shorter follow-up data because they wanted to
measure acute postoperative pain. Only including shorter
follow-up data does not provide insight into long-term re-
sults or complications like sensory nerve deficits or pain
control years later. Nonetheless, of the 7 studies included in
this paper, there has been reasonable data to suggest cry-
oneurolysis is a safe and effective treatment option for pe-
rioperative pain control in patients undergoing TKA. Fur-
thermore, the lack of high-quality evidence, particularly
in orthopedic surgery, underscores the need for prospec-
tive, randomized studies to validate its safety and efficacy
in TKA and other surgical procedures (Trescot 2003; Rad-
novich, Scott, Patel, et al. 2017).

Future research should focus on large-scale, multicenter
randomized controlled trials to establish standardized pro-
tocols and long-term outcomes (Mihalko et al. 2021; Shich-
man, Roof, Askew, et al. 2023). As the prevalence of TKA
continues to rise, the integration of cryoneurolysis into
multimodal pain management strategies holds promise for
enhancing patient care and reducing the reliance on opi-
oids (Maradit Kremers, Larson, Crowson, et al. 2015; Shich-
man, Roof, Askew, et al. 2023). The applications of cry-
oneurolysis for acute and chronic pain management, as
discussed by Biel et al. (2023), further support its potential
role in orthopedic surgery and beyond (Mihalko et al. 2021;
Dasa, Lensing, Parsons, et al. 2014). As the use of cry-
oneurolysis in the literature continues to grow, research
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should also focus on other regions of the body and different
subspecialties. For example, sports medicine and routine
outpatient procedures could benefit from this alternative
pain management technique. By embracing innovative pain
management techniques such as cryoneurolysis, we can im-
prove postoperative outcomes, reduce opioid consumption,
and ultimately enhance the quality of life for patients un-
dergoing TKA (Urban, Dolesh, and Martin 2021; Li, Ma, and
Xiao 2019; Lung, Karasavvidis, Sharma, et al. 2022).

CONCLUSION

The current opioid epidemic in the United States has
prompted a heightened focus on multimodal pain control
in the perioperative setting. Amidst this urgent need, our
systematic review examined various non-opioid pharmaco-
logic options aimed at reducing overall narcotic consump-
tion. Specifically, cryoneurolysis emerged as a promising
intervention for managing perioperative pain associated
with TKA.

Our analysis of the current literature revealed com-
pelling evidence supporting the efficacy and safety of cry-
oneurolysis in improving patient outcomes post-TKA. By

significantly reducing opioid consumption and acute pain
levels while enhancing postoperative functional outcomes,
cryoneurolysis offers a valuable alternative to traditional
pharmacologic interventions. Furthermore, its demon-
strated safety profile underscores its potential to address
the pressing challenges posed by the opioid crisis, thereby
promoting safer and more effective pain management prac-
tices in orthopedic surgery.

As healthcare professionals navigate the complexities of
perioperative pain management, cryoneurolysis represents
a pivotal advancement in the quest for comprehensive and
patient-centered care. Continued research efforts and col-
laborative initiatives are essential to further elucidate the
nuances of cryoneurolysis and optimize its integration into
routine clinical practice. By harnessing the collective ex-
pertise of clinicians, researchers, and policymakers, we can
leverage the full potential of cryoneurolysis to alleviate pa-
tient suffering and improve surgical outcomes in TKA and
beyond.
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