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Take-Home Points
Cryotherapy is often used in postoperative orthopedic care but there is limited literature demonstrating its
efficacy.
Postoperative cryotherapy has been used to reduce visual analog scale pain scores, analgesic consumption,
and to increase range of motion.
There is no consensus on the advantages of postoperative cryotherapy vs traditional ice application.
Adverse outcomes from postoperative cryotherapy use include frostbite/skin loss, compartment syndrome,
and perniosis.
Future studies, including a formidable economic analysis of advanced cold therapy systems are necessary
before physicians prescribing cryotherapy can be confident that they are augmenting patient recovery.
Cold therapy has been a mainstay of medical treatment since the days of Hippocrates. Initially used by ancient
Egyptians to mitigate inflammation and by Hippocrates himself to treat hemorrhage, the therapeutic applications
of ice evolved throughout history to become part of the treatment algorithm for a variety of health conditions.1 Ice
made an ideal numbing agent for limb amputations and an anesthetic for certain cancers, but truly became
ubiquitous when the first cold pack meant for medicinal use was patented in the early 1970s.1,2 Despite their
armamentarium of advanced treatment modalities, physicians in the modern era continue to prescribe
cryotherapy for their patients, particularly in the field of orthopedics. Most athletes know the “RICE” (Rest, Ice,
Compression, Elevation) protocol and utilize it to minimize inflammation associated with soft tissue injuries.
Inflammation is a physiologic response to noxious stimuli. Cell damage results in the production of inflammatory
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mediators including prostaglandins, which play a crucial role in the vasodilation and pain associated with
inflammation. Vasodilation and increased blood flow manifest as swelling, which can cause pain by putting
pressure on nerve endings. The inflammatory prostaglandin E2 (PGE2) causes local increases in temperature and
mediates pain.3,4 The application of cold therapy attenuates inflammatory microvascular and hemodynamic
changes, reducing some of the deleterious effects of inflammation and minimizing pain. Animal models
demonstrate that cryotherapy restores functional capillary density, reverses tumor necrosis factor-α (TNF-α)induced microvasculature damage, and reduces the production of thrombogenic thromboxanes in injured soft
tissue.5 Additionally, cold therapy after knee arthroscopy is associated with lower concentrations of PGE2 in the
knee.3 Local cooling acts at the cellular level to decrease edema, reduce pain, and slow blood flow to the affected
area, with the overall effect of alleviating inflammation.4,5
Cryotherapy is standard practice in postoperative orthopedic care, but there is limited literature demonstrating its
efficacy in this setting. In addition, the advent of more advanced wearable cooling systems necessitates a
thorough comparison of the various cryotherapy mechanisms both from healthcare and economic perspectives.
The goal of this article is to examine the benefits of cryotherapy in the postoperative management of orthopedic
surgical interventions and to review the effectiveness of differing types of cryotherapy. A secondary goal of this
article is to review the literature on the adverse effects of cryotherapy in order to increase physician awareness of
this issue and highlight the importance of patient education when utilizing cryotherapy postoperatively.

Beneﬁts of Cryotherapy
Three standard types of cryotherapy are prescribed as postoperative therapy in orthopedics: compressive
cryotherapy, continuous flow cryotherapy, and the application of ice. All aim to decrease the amount of
inflammation of the surgical site, reduce patient pain, and aid in the recovery process. The application of ice or
other cooling pack devices without compression is the most commonly used method, likely because it is the most
economical and user-friendly cryotherapy option. Compressive cryotherapy is the application of ice or an ice pack
secured to the site with a bandage or other device in a manner that also applies pressure to the site of injury.
Finally, continuous flow cryotherapy systems are typically connected to a refrigeration control unit and apply
compressive cooling through the uninterrupted flow of cold water or gas through a wrap around the injured site.
Examples include the Game Ready® (CoolSystems, Inc.), Cryo/Cuff® IC Cooler (DJO Global), and Hilotherm
Homecare (Hilotherm GmbH) systems, which are marketed as an improvement over traditional forms of cold
therapy, as they are capable of cooling for hours at a time, allow for nighttime use, and provide the operator with
temperature control.6-8
Postoperative cryotherapy is prescribed for a wide variety of orthopedic procedures, including anterior cruciate
ligament (ACL) reconstruction surgery, rotator cuff surgery, and total knee arthroplasty (TKA). Current literature
includes many studies monitoring postoperative outcomes in patients using cryotherapy as part of their treatment
regimen, with the primary endpoints being visual analog scale (VAS) scores, analgesic consumption, and range of
motion (ROM).9-16 As demonstrated by in Table 1, these studies do not provide conclusive evidence that
cryotherapy significantly alters postoperative outcomes, despite its ubiquitous use by the orthopedics community.
In fact, the literature reflects a seeming lack of consensus regarding the effect of cryotherapy on analgesic
requirements, pain, and joint mobility following procedures. Interestingly, of the studies represented in Table 1,
only half analyzed all 3 postoperative measures (analgesic consumption, pain, and ROM). Furthermore, solely
Morsi13 concluded that cryotherapy resulted in significant improvements in all 3 outcome measures in a trial
involving only 30 patients. Kullenberg and colleagues12 performed the largest study, but still included only 86
patients. In addition, all the studies focused on 1 joint or procedure. Thus, despite evidence that cryotherapy
reduces inflammation at a molecular level, current literature does not unequivocally support the common belief
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that cryotherapy benefits patients in practice. More robust studies that include an analysis of analgesic
consumption, VAS scores, and ROM (at minimum) and compare the relative efficacy of cryotherapy across joint
types and procedures are necessary to determine whether postoperative cryotherapy in orthopedics is
appropriate.

Advanced Cryotherapy Devices
Several recent studies explored the relative postoperative benefits of advanced cryotherapeutics in lieu of the
traditional ice pack.6,7,17-21 As reflected in Table 2, these studies, much like the literature comparing cryotherapy to
the control, do not reveal significant benefits of continuous flow cryotherapy after surgery. In fact, the only
outcome measure that was found to differ significantly in more than 1 study was ROM. Though the makers of
advanced cryotherapy systems market them as a vast improvement over traditional forms of cold therapy, there is
insufficient evidence to support such claims. Even the most robust study that included 280 patients failed to show
significant differences in the analgesic use and ROM after surgery.20 Of note, all but 1 study compared traditional
and advanced cryotherapy following procedures on the knee. Additional research exploring outcomes after
surgery on other joints is necessary before any conclusions can be made regarding postoperative benefits or risks
within orthopedics more generally.

Risks and Adverse Eﬀects of Cryotherapy
A rigorous analysis of the benefits of cryotherapy ought to incorporate other factors in addition to improvements
in analgesic consumption, VAS score, and ROM. These include the financial and time investment involved in the
use of continuous flow cryotherapy, which the majority of studies do not consider. Though many authors
acknowledge that continuous flow cryotherapy is expensive, to our knowledge, none have yet performed a formal
economic analysis of the cost of advanced cryotherapy to the patient as well as to the healthcare system at
large.6,7,13,18,22-24 Dickinson and colleagues24 calculated the total cost of cryotherapy and rehabilitation following
rotator cuff repair, but addressed only the up-front cost of the cold therapy system. For context, Table 3
summarizes the retail cost of the most popular cryotherapy devices on the market. Based on this information
alone, it seems reasonable to conclude that these systems are associated with significantly more cost than
traditional forms of cold therapy, and therefore would be an undesirable option for patients or hospital systems.
Nevertheless, cost considerations are more nuanced than a simple comparison of price, necessitating more
advanced economic analyses. Substantial savings may be on the table if future studies are able to prove
postoperative cryotherapy shortens hospital stays, reduces medication costs, and results in fewer physical therapy
sessions. Moreover, if all this is true, patients may experience quicker recovery and have overall greater postprocedure satisfaction.
Patient education required for optimal use of advanced cold therapy is another aspect of cryotherapy that is poorly
represented in the literature. As Dickinson and colleagues24 point out, because it eliminates some dependency on
the patient to remember to ice appropriately, continuous flow cryotherapy may have a positive impact on
compliance and therefore yield improved outcomes.24 Hospital staff may be required to spend additional time with
patients. However, this is necessary to ensure proper understanding on how to operate the system and avoid
adverse outcomes. Patients may also find the large coolers inconvenient and may therefore be reluctant to use
them, finding traditional ice more manageable. Future studies should consider gathering data on patient
education, compliance, and overall reception/satisfaction to complete a more holistic investigation of the role of
postoperative cryotherapy in orthopedics.
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Cryotherapy is not without adverse outcomes, which have been documented primarily in the form of case study
reports. Relevant case studies cited adverse outcomes including frostbite/skin loss, compartment syndrome, and
perniosis as potential dangers of postoperative cryotherapy in orthopedics (Table 4).25-30 As an example, a patient
recovering from patellar-tendon repair experienced bilateral frostbite and skin loss following 2 weeks of
uninterrupted use of cryotherapy without any barrier between his skin and the system.29 A similar case study
described 2 female patients, one recovering from a TKA and the other from a tibial revision of arthroplasty, who
used cryotherapy systems without cessation and experienced frostbite and skin necrosis over the entirety of their
knees.26 A third case study exploring 4 incidents of patellar frostbite and necrosis following knee arthroscopies
proposed that poor patient understanding of proper cryotherapy use as well as poor recognition of the signs of
frostbite contributed to these adverse outcomes. Furthermore, the cryotherapy brace used by all 4 patients
included a feature designed to counteract patellar inflammation that also may have increased the likelihood of
frostbite in this area due to poor tissue insulation. The authors noted that following the incidents, the makers of
the brace removed patellar coverage to prevent future occurrences.30
Frostbite linked to cryotherapy has also occurred following orthopedic procedures outside the knee. Brown and
25
Hahn described 2 young females who developed skin necrosis following podiatric surgeries and constant cold
therapy for roughly a week. Notably, 1 patient had cold sensitivity, which likely put her at an increased baseline
risk of experiencing frostbite while using cryotherapy. Tissue necrosis is not the only danger of cold therapy
discussed in this study. Surprisingly, 1 patient also developed compartment syndrome.25 Khajavi and colleagues27
also documented postoperative compartment syndrome in a patient following an arthroscopic osteochondral
autograft transfer, which they attributed to reperfusion injury in the wake of first-degree frostbite. Hospital
personnel also instructed this patient to use his cryotherapy system without interruption at the coldest
temperature tolerable, contrary to manufacturer’s instructions.27
King and colleagues28 described 2 cases of patients complaining of nodules, papules, and plaques soon after ACL
reconstruction and the initiation of cryotherapy. A histological examination of their skin lesions demonstrated the
presence of a perivascular and periadnexal superficial and deep lymphocytic infiltrate associated with perniosis.
Dermatologists associated the perniosis with the cryotherapy cuff adhesive mechanisms, as their locations
matched those of the lesions and symptoms subsided after cessation of cuff usage.28
Cases of adverse effects with perioperative cryotherapy have also occurred at our own institution. The authors
obtained informed written consent from the patients to print and publish their images. In 2 separate incidents,
patients overdid icing and experienced rather extreme side effects including burns and blisters (Figures 1 and
2). In light of these adverse events, the physicians have questioned whether RICE ought to be part of their
standard perioperative recommendations. These physicians are not alone in their uncertainty. Interestingly, even
Mirkin,31 who coined the RICE mnemonic, now believes that consistent icing post-injury actually inhibits the
body’s natural inflammatory healing response, delaying rather than speeding recovery, and suggests that icing
ought to be used for pain control only.

Discussion
Though there is ample literature supporting the common belief that cryotherapy minimizes inflammation at the
cellular level, whether or not it results in meaningful improvements in post-surgical orthopedic outcomes remains
unclear. Table 1 reflects a dearth of evidence to support the widespread current practice of cold therapy following
orthopedic procedures, but few studies could demonstrate a significant difference in the analgesic use, VAS score,
or ROM between cryotherapy and control groups. It is worth noting that these studies used different cryotherapy
systems. Though in theory the continuous flow cryotherapy systems are similarly designed, there are potential
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differences among them that have not been controlled for in this analysis. All studies had <90 participants and
focused on a single joint or procedure, making it difficult to draw large scale conclusions about the utility of cold
therapy in the postoperative orthopedic population at large. Furthermore, researchers measured endpoints at a
range of time intervals that were inconsistent across studies. In some cases, the significance of the impact of
cryotherapy on recovery within a single study differed based on the time point at which researchers measured
outcomes.12-14 This raises the question as to whether cryotherapy has no benefits, or whether they are simply timedependent. Future studies should seek to ascertain whether there is a postoperative time window in which
cryotherapy could potentially expedite the recovery process.
Similarly, Table 2 shows a lack of consensus regarding the effect of advanced cryotherapy when compared to
traditional ice application on pain, analgesic use, and joint mobility after surgery. However, all but 1 of these
studies focused on knee procedures. Therefore, our findings may not be applicable to orthopedic surgeries on
other joints. Nevertheless, the use of advanced cryotherapy in postoperative orthopedic care may wane if
researchers continue to show that it is no more beneficial than its far less expensive counterpart of ice and an ace
bandage.
The case studies discussed in this review serve as cautionary tales of the dangers of cryotherapy when used
improperly. Though frostbite and subsequent tissue necrosis seem most common, physicians should be made
aware that compartment syndrome and perniosis are also possible consequences. Orthopedic patients perhaps
have an increased risk of developing these side effects due to the nature of their injuries and the large cutaneous
surface area to which cryotherapy is applied. These outcomes could seemingly be avoided with improved
educational initiatives targeted at both healthcare personnel and patients. Orthopedic surgeons might consider
adding a short, instructive video focusing on proper usage as well as signs of adverse events to their discharge
protocol to limit occurrences of these pitfalls associated with cryotherapy.

Conclusion
There is inadequate literature to support the of use postoperative cryotherapy of any kind in the field of
orthopedics at this time. More robust, standardized studies, and a formidable economic analysis of advanced cold
therapy systems are necessary before physicians prescribing cryotherapy can be confident that they are
augmenting patient recovery. Nevertheless, as new developments in medicinal cryotherapy occur, it may be
possible for the orthopedic community to wield its salutatory effects to limit complications and improve postsurgical outcomes.
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Table 1. Results from Studies that Compared Cryotherapy to Standard Care Within the First 2 Weeks
Following Surgery

Author

Yu et al9

Dambros
et al10

Number of
Joint/Procedure
Cryotherapy Analgesic
Trial
VAS Score
Type
Type
Consumption
Participants
Cryotherapy
Continuous
significantly
flow
No significant decreased
cryotherapy
Elbow arthrolysis 59
difference
scores up to
(Cryo/Cuff®;
POD 7 (P <
DJO Global)
0.05)
No
ACL
25
Ice pack
significant
Xa
reconstruction
difference
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Leegwater
Hip arthroplasty 30
et al11

Kullenberg Knee
arthroplasty
et al12

Morsi13

Singh et
al14

Saito et
al15

Knee
arthroplasty

Open vs
arthroscopic
shoulder
procedures

86

Continuous
flow
cryotherapy
(Game
Ready®;
CoolSystems,
Inc.)
Continuous
flow
cryotherapy
(Cryo/Cuff®)

Trend towards
No
lower use (No
significant
significant
difference
difference)

Significantly
lower
consumption
(P < 0.01)

30

70

Continuous
flow
cryotherapy
(Breg Polar
Xa
Care Glacier®
Cold Therapy
unit; Breg
Inc.)

Hip arthroplasty 46

Significantly
improved at
POD 7 and
POD 21
Significantly
Cryotherapy improved at
significantly POD 7; No
decreased
significant
scores (P < difference 6
0.001)
weeks
postoperative
Cryotherapy
significantly
decreased
scores at
arthroscopic
POD 14 (P = Xa
0.043); No
significant
difference
for open
procedures

No
No significant
significant
difference
difference

Continuous
flow
cryotherapy

Continuous
flow
cryotherapy
(Icing System
2000; Nippon
Sigmax Co.,
Ltd.)

Xa

Significantly
lower epidural
Cryotherapy
analgesic use
significantly
(P < 0.001); no
decreased
significant
Xa
scores POD
difference in
1-4 (P <
adjunct
0.05)
analgesic
consumption

Continuous
No
flow
No significant
No significant
60
significant
cryotherapy difference
difference
difference
(Cryo/Cuff®)
a
X indicates that the study did not include that measurement.
Abbreviations: ACL, anterior cruciate ligament; POD, postoperative day; ROM, range of motion; VAS,
visual analog scale.
Gibbons et Knee
arthroplasty
al16

Table 2. Results from Studies that Compared Continuous Flow Cryotherapy to the Use of Ice Packs for
Analgesic Use Within the First 2 Weeks Following Surgery
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Number of
Joint /
Trial
Procedure Type
Participants
Rotator cuff
Kraeutler et repair or
46
subacromial
al17
decompression
Author

Thienpont18 Knee arthroplasty 116

Woolf et al19 Knee arthroplasty 53

Su et al20

Knee arthroplasty 280

Barber21

ACL
reconstruction

87

Ruffilli et al6

ACL
reconstruction

47

Analgesic
Consumption

VAS Score

ROM

No significant
difference

No significant
difference

Xa

No significant
difference

Significant
reduction in
active flexion
with advanced
cryotherapy (P =
0.02); No
significant
difference in
other ROM tests

No significant
difference

Decrease in night
pain through POD 2 Xa
only
Significantly lower
use with
cryotherapy up to
POD 14; No
Xa
significant
difference
thereafter
Cryotherapy
Significantly lower significantly
use with
decreased
cryotherapy POD 1 scores only
and 2 (P = 0.035) POD 1 (P <
0.01)
No difference

Xa

Xa

No difference

Greater ROM
with cryotherapy
POD 7 (P < 0.03)
Greater ROM
with cryotherapy
(P < 0.0001)

Cryotherapy
significantly
Greater ROM
decreased
with cryotherapy
Kuyucu et al7 Knee arthroplasty 60
Xa
scores (P <
(P < 0.05)
0.05)
a
X indicates that the study did not include that measurement.Abbreviations: ACL, anterior cruciate
ligament; POD, postoperative day; ROM, range of motion; VAS, visual analog scale.

Table 3. Cost of Most Popular Cryotherapy Units
System
Cryo/Cuff® IC Cooler (DJO
Global)

www.amjorthopedics.com

Cost
$125

Jan 2019

The American Journal of Orthopedics ©

9

DonJoy IceMan Classic (DJO
$169
Global)
The Polar Care Kodiak (Breg,
$180
Inc.)

Table 4. Published Reports of Adverse Effects of Cryotherapy
Author
Adverse Effect
Procedure/Location
Frostbite
Bunionectomy; hallux valgus correction/feet
Brown and Hahn25
26
Skin necrosis
TKA/patella
Dundon et al
27
Compartment
syndrome
Arthroscopic osteochondral autograft transfer/calf
Khajavi et al
28
Perniosis
ACL reconstruction/knee
King et al
29
Frostbite
Patellar-tendon repair/knees
Lee et al
Knee arthroscopy/patella
McGuire and Hendricks30 Frostbite
Abbreviations: ACL, anterior cruciate ligament; TKA, total knee arthroplasty.
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