Evidence-Based Practice Group

Answers to Clinical Questions

Efficacy and Effectiveness of
Cold-Compression Therapies
Post-Joint Surgery

A Rapid Systematic Review

Prepared by Dr. Craig Martin
Manager Medical Services, Evidence-Based Practice Group
Date | July 2024




Efficacy and Effectiveness of Cold-Compression Therapies Post-Joint
Surgery

Published: July 2024

About the Evidence-Based Practice Group

The Evidence-Based Practice Group was established to address the many medical and policy
issues that WorkSafeBC officers deal with on a regular basis. Members apply established
techniques of critical appraisal and evidence-based review of topics solicited from both
WorkSafeBC staff and other interested parties such as surgeons, medical specialists, and
rehabilitation providers.

Suggested citation

WorkSafeBC Evidence-Based Practice Group, Martin CW. Efficacy and Effectiveness of Cold-
Compression Therapies Post-Joint Surgery. Richmond, BC: WorkSafeBC Evidence-Based
Practice Group; July 2024.

Contact information

Address Evidence-Based Practice Group
WorkSafeBC

PO Box 5350 Stn Terminal
Vancouver BC V6B 5L5

Email craig.martin@worksafebc.com
Phone 604 279-7417
Toll-free 1 888 967-5377 ext 7417

View other systematic reviews by the EBPG online at: http://worksafebc.com/evidence

Efficacy and Effectiveness of Cold-Compression Therapies
Post-Joint Surgery


http://worksafebc.com/evidence

The Evidence-Based Practice Group (EBPG) was asked about the efficacy and
effectiveness of cold-compression devices for postoperative rehabilitation following ankle
fracture surgery. We approached this topic with a wider perspective and investigated the
efficacy and effectiveness of cold-compression therapies following joint surgeries, in
general.

Cold-compression therapy is a type of cryotherapy (cold therapy). In general,
cryotherapies can be grouped into three categories. Ice bags/packs (first-generation),
devices that circulate ice water with or without compression (second-generation); and
advanced computer-assisted devices with continuous controlled cold therapy (third
generation).! These third-generation devices involve cryo/cuff type systems that use ice
in conjunction with compression. Generally, the device employs a bandage or pad
between the surgical site and the larger postoperative dressing.? It is known to promote
vasoconstriction and reduce blood flow and inflammation in and around the operative
site.3

The literature on the efficacy and effectiveness of cryotherapy has not produced
equivocal results, including studies both supporting and objecting to its use after surgical
operations on joints.%>6:7

To explore the medical literature regarding the efficacy and or effectiveness of cold-
compression devices in rehabilitation following joint surgeries.

A systematic literature search was undertaken on April 15 and April 16, 2024.

The search was conducted using nine commercial medical literature databases, through
the platforms Ovid, Elsevier, and Ebsco.

The Ovid platform search was conducted using JBI EBP Database (Current to April 03,
2024), EBM Reviews - ACP Journal Club (1991 to March 2024), EBM Reviews - Cochrane
Central Register of Controlled Trials (March 2024), EBM Reviews - Cochrane Database of
Systematic Reviews (2005 to April 10, 2024), EBM Reviews - Database of Abstracts of
Reviews of Effects (1st Quarter 2016), EBM Reviews - Health Technology Assessment
(4th Quarter 2016), Ovid MEDLINE(R) and Epub Ahead of Print, In-Process, In-Data-
Review & Other Non-Indexed Citations, Daily and Versions (1946 to April 15, 2024). The
EMBASE platform search was conducted through Elsevier and CINAHL Complete search
was conducted through Ebsco.

The following search strategy was adjusted using specific search terms as per the
requirements of each search platform. For example, exp (explode), ti (title),
ab(abstract), kw (keyword):

((cryotherapy OR cryocuff* OR cryo cuff* OR compression cryotherapy OR
cryotherapy machine* OR cryo-compression, OR cryopneumatic device* OR
cooling brace*) AND (ACL reconstruction OR knee surgery OR ankle surgery OR
hip surgery OR shoulder surgery OR elbow surgery OR wrist surgery OR knee
operation OR shoulder operation OR elbow operation OR wrist operation OR knee
replacement OR hip replacement OR total knee arthroplasty)) AND ((postop
hospital stay OR hospital discharge OR pain relief OR range of motion OR ROM
OR patient satisfaction OR postop recovery time OR return to work OR RTW) OR
(side-effect* OR undesirable-effect*))
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In total, 268 citations were identified (i.e., 139 from seven Ovid databases, 73 from
EMBASE and 56 from CINAHL).
When the citations from all searches were combined in one dataset, there were 98
duplicates, and these were removed.
The number of remaining citations was 170. (105 Ovid + 37 EMBASE +28 CINAHL)
Six of the articles were in other languages, other than English, and were dropped.
Seventeen of the remaining citations were dated earlier than 2003. Since the EBPG
published a report on this topic in 2003, these earlier studies were not included in this
current review.
We evaluated the remaining studies based on our predetermined inclusion and exclusion
criteria.
Inclusion criteria:
Studies that
were published in peer-reviewed journals.
investigated the efficacy and effectiveness of post-surgery cold-compression
therapy (e.g., Cryo/Cuff and other compressive cryotherapies) after major ankle,
knee, hip, shoulder, elbow operations.
Compared cold-compression therapy with placebo/sham or other interventions, or
non-compressive cold therapy.
were randomized-controlled trials (RCTs) or systematic reviews/meta-analyses of
more than five primary comparative studies, each including at least 10 study
subjects.
included outcome measures such as postoperative pain intensity, swelling, blood
loss or need for blood transfusion, range of motion (ROM), patient satisfaction,
duration of hospital stay, postop recovery time, return to work (RTW), or adverse
events and other undesirable effects (and related dropouts from therapy)
Exclusion criteria
Studies that
included animals, children, adolescents, the elderly, pregnant patients, or other
special patient groups.
studied cryotherapy as part of a multi-model intervention.
studied only non-compression cold therapy.
had no comparison groups.
had comparison groups that included co-interventions.
were published in the formats of conference abstracts/posters, editorials,
opinion/position papers, reprints in other journals, narrative reviews, qualitative
interviews, trial registrations, study proposals, pilot studies, proof-of-concept
studies, posthoc analyses, anchor-based analyses, open-label studies, case
studies, case series, other observational studies, uncontrolled trials, and practice
guidelines.

Out of the 170 selected citations, the ones written in languages other than

English,8°10.11.12,13 35 well as the ones published earlier than

200314,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30 were disca rded.

There was one animal study3! that was also excluded.

Several studies were not relevant because of the

intervention 32,33,34,35,36,37,38,39,40,41,42,43,44,45,46,47,48,49,50,51,52,53,54,55,56,57 population 58,59,60,61,62 or
! !

outcome®3:64.65,66,67 that were studied. Hence, these were excluded.
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There were citations of pilot studies, study protocols, conference abstracts, editorials,
bibliographic records, and practice
guide|ines’68,69,70,71,72,73,74,75,76,77,78,79,80,81,82,83,84,85,86,87,88,89,90,91,92,93,94,95,96,97,98,99,100,101,102,103,104,
105,106,107 35 well as case reports, case series, and observational
studieS_108,109,110,111,112,113,114,115,116 A” were eXClUded.

Twenty Of the Citations4,5,117,118,119,120,121,122,123,124,125,126,127,128,129,130,131,132,133,134 were on
narrative reviews and eight!35136,137,138,139,140,141,142 were on comparative studies that were
not RCTs. These studies were also excluded.

After the citation/abstract review the full text articles were collected for 15
RCTs3/6:7,143,144,145,146,147,148,149,150,151,152,153,15 30 d 17 systematic
reviews_1,2,155,156,157,158,159,160,161,162,163,164,165,166,167,168,169

Ten systematic reviews!1>>156,157,159,162,165,167,168,169 and nine randomized-controlled trials
(RCTs)6:7,143,144,145,148,149,152,153 wwere dropped after full-text review. You can learn more about
these studies in Appendix 2, at the end of the report.

Appendix 3 includes the flow-chart for study selection.

The remaining seven systematic reviews?158:160,161,163,164,166 (three with a meta-
analysis)163:164.166 and six randomized controlled trials (RCTs)3:146:147,150,151,154 zre
summarized below.

Systematic reviews/meta-analyses:

The systematic review by Chughtai et al.'>® explored the application of
cryotherapy after total knee arthroplasty (TKA) and unicompartmental knee
arthroplasty (UKA). Out of the 16 primary studies (all RCTs), six compared the
use of cold packs and continuous cold flow devices. The authors reported that
three out of six studies (they spelled this out as the “majority of the studies”)
favored continuous flow devices. They suggested “continuous circulating cold flow
with compression” as a better option with better outcomes and temperature
control. Also, it was highlighted that the cold effectiveness lasted longer with
these devices compared to traditional ice packs and fewer complications such as
tissue damage and cold burns occurred. The authors acknowledged the funding
contribution from the industry, despite not providing any ‘conflict of interest’
statements.

Gatewood et al.'®% systematically reviewed the literature on cryotherapy,
continuous passive motion (CPM), neuromuscular stimulation (NMES), surface
electromyographic (sEMG) biofeedback and shockwave therapy (ESWT) following
a minimally invasive arthroscopic surgery of the knee (e.g., anterior cruciate
ligament reconstruction (ACLR), meniscal repair, patellar chondromalacia,
synovitis, loose bodies within the knee complex). The primary outcomes of
interest were pain intensity for cryotherapy; knee range of motion for CPM; and
quadriceps strength and knee functional outcomes for NMES, sEMG feedback, and
ESWT. There were eight ACLR studies identified that used cryotherapy, four of
which reported significant differences in pain relief. Two out of these four studies
compared a cold-compression device (CCD) to no-cold application; and the other
two compared CDD to traditional ice package. The two postoperative non-ACLR
knee arthroscopy studies using cryotherapy had conflicting results, one in favor of
cryotherapy and one not. The authors acknowledged the small sample sizes with
also gender imbalance, short follow up periods, and diverse control groups in
primary studies. Inconsistencies in the type of device, duration of application, the
type of rehabilitation exercises across studies added methodological challenges to
the overall analysis. The authors concluded that when compared to traditional
icing alone, cryo-compression was better in alleviating pain and reducing narcotic
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consumption. However, when compared to compression alone (no cold feature
present), cryo-compression was no better.

Hubbard et al.'®! systematically reviewed 22 RCTs on cryotherapy use after
various acute soft tissue or orthopedic surgical interventions. The PEDro scale
was used to assess the methodological quality of the RCTs included and the
average score was 3.4 out of a maximum score of 10. There were 12 treatment
comparisons undertaken in the selected studies, and the authors reported on all
of these. We focused on the comparisons made using cold-compression therapy.
The authors noted eight studies with compression-related outcomes. When ‘ice
and compression’ combined was compared to ‘ice alone’, a higher decrease in
pain was observed with the combined therapy. When ‘ice and compression’ was
compared to ‘compression alone’, the difference was small. Although pointing to
the low methodological quality of the available evidence, the authors conclude
that cryotherapy was effective in decreasing pain after musculoskeletal surgeries.
However, they underlined that the evidence was scarcer for the use of
cryotherapy for common, acute musculoskeletal injuries, such as muscle strains.
To understand the true efficacy of cryotherapy the authors called for better
quality RCTs focusing on modes, durations, and frequencies of cryotherapy to
optimize patient outcomes.

A review conducted by Markert et al.? in 2011 focused on the cryotherapy after a
total knee replacement. They reviewed eleven studies (10 primary studies and
one meta-analysis). All but two were conducted prior to 2003. The Woolf study
(2008), an RCT of 53 knee arthroscopy patients, which compared continuous cold
compression to standard ice application found no significant difference in pain
intensity between the two groups. However, the Kullenberg et al. (2006) study
which compared Cryo/Cuff to routine epidural analgesia (EDA) reported greater
ROM than the control group, later in the postoperative phase. The only systematic
review/meta-analysis they included was by Adie et al. (2009) which reported a
slight benefit from cryotherapy for blood loss and early ROM (knee flexion), but
no benefit regarding pain, transfusion requirements, swelling, analgesia use, and
hospital length of stay. Markert et al. concluded that overall, the only significant
difference between the study and control groups was observed for the pain
outcome (six studies showing significantly lower pain scores in the cold
compression group) and no significant differences were found for the other
outcomes (i.e., ROM of the operative knee, a decrease in swelling, and a
decrease in blood loss).

The systematic review by Martimbianco et al.'®3 was comprised of studies which
compared any type of cold therapy (ice packs, cooling pads, or cold compression
devices...) to any control group (placebo, no/different cold therapy, other
interventions...) after arthroscopic anterior cruciate ligament (ACL) reconstruction.
They selected seven RCTs and three quasi-experimental studies in their review.
The majority of the 10 primary studies were conducted before 2003 and nine
compared a cold compression device to a control intervention (ice packs, placebo,
or no cold therapy) and one compared ice pack to no cold therapy. To assess the
risk of bias in these 10 studies the authors used the risk of bias tool by Cochrane
Collaboration. All studies were considered to carry a high risk of bias. Study
sample sizes were small, and studies were heterogenous in various aspects (e.g.,
forms of cold therapy, therapy session frequency and duration, and follow-up
periods). The authors conducted a meta-analysis for ‘pain intensity’, one of the
primary outcomes, using data from two studies. The continuous outcomes
without sufficient data for meta-analysis were the length of hospital stay, use of
analgesic medication, edema, ROM, knee function, blood loss, the Quality of Life
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(SF-36). ‘Adverse events’ data was available for all 10 studies and the meta-
analysis showed no statistically significant difference between the intervention
and control groups. The authors concluded that there was moderate quality
evidence for the safety and effectiveness of cryotherapy following an ACL
reconstruction, and more, good quality RCTs were needed to make inferences for
the remaining outcomes.

The meta-analysis by Raynor et al.1®* explored the evidence on the effectiveness
of cryotherapy following arthroscopic ACL reconstruction. After their literature
search, they selected six studies for the meta-analysis. All studies were
conducted in the 1990s and three of them used Cryo/Cuff. The remainder had
cooling pads and icing systems as the intervention. The outcomes of interest
varied across studies (e.g., pain, ROM, hospital stay, medication, drain output,
blood loss). The authors conducted a meta-analysis using both fixed-effects and
random-effects models. However, they chose to report the results from the
random-effect models due to the high heterogeneity of the data. They combined
data from studies deemed relatively more homogenous and used the mean
differences between the treatment and control groups as the summary measure.
This paper does not include forest plots for the meta-analyses of any of the
outcomes. ‘Pain’ was reported in all six studies and the meta-analysis revealed a
marginally significant reduction in pain for the cryotherapy group compared to
placebo. The authors also conducted random-effects pooling for the outcomes of
postoperative drainage and ROM. For each, data from the four studies were
pooled. Both meta-analyses displayed a nonsignificant improvement in the
cryotherapy group compared to the non-cold placebo group. The authors noted
the challenges in their meta-analysis as the heterogeneity in the type of
cryotherapy intervention, concurrent operations with ACL repair (e.g., meniscal
repair), and the variety of control groups used. They also highlighted the lack of
blinding in the treatment groups and called for large multi-center RCTs, based on
standard study protocols using clearly defined outcomes.

The meta-analysis by Song et al.'®® compared the effectiveness of compressive
cryotherapy (CC) and cryotherapy alone (CA) in patients who underwent knee
surgery (primary TKA, knee arthroplasty, ACL reconstruction and arthroscopic
surgery). The authors selected 10 studies out of 593 citations that were originally
identified. All 10 studies were RCTs. The outcomes of interest were pain intensity,
swelling, adverse events. The interventions in the CC group were cold-
compression devices (CCD) that provided a controlled cryogenic circulation and
focal compression to the knee (e.g., Cryo/Cuff, Game ready, Ever-cryo system).
To assess the methodological quality (blinding, randomization and losses
reported) of the selected studies the authors used the JADAD scale. For meta-
analyses, they chose to use a random-effects model and to mitigate the
heterogeneity (settings and populations) across studies. The meta-analyses were
undertaken on Day 1, 2, and 3 for the VAS score and swelling (girth
measurement), using the standardized mean difference (SMD) as the summary
measure for the pooled results. For the VAS score, they also ran meta-analyses
on Week 1, and Week 2. The pooled results for VAS scores on Day 1, 2, and 3
revealed statistically significant differences favoring cold-compression therapy.
However, the Day 1 findings included statistically significant heterogeneity. The
pooled VAS results for Week 1 and Week 2 showed no significant differences in
pain remission between the CC and CA groups. The summary measures for
swelling on Day 1 and Day 2 displayed a significant difference between the CC
and CA groups favoring CC group. However, the data pooled for swelling on Day-
3 did not reveal statistically significant differences. The third outcome of interest,
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adverse events, was not studied, as none of the included studies reported one.
The authors concluded that there was moderate evidence supporting that cold-
compression therapy was effective in reducing pain on Day 2 and Day 3 and in
decreasing swelling on Day 1 and Day 2 following the knee surgery. Hence, using
a cold-compression device from Day 1 to Day 3 might be useful. They also stated
that there was not sufficient evidence to infer the effect of cold-compression
therapy on other outcomes (e.g., postoperative knee ROM, blood loss, analgesic
medication consumption, hospital stay duration, quality of life measures, and
patient satisfaction).

Randomized Controlled Trials (RCTs)
Marinova et al.? undertook a single-centre RCT to evaluate the effect of
GRPro®2.1, Game Ready (GR) cryo-compression protocol compared to a control
group that used usual care (UC) with a bag of crushed ice and tubigrip static
compression, in patients who underwent total knee arthroplasty (TKA). The cryo-
compression devices were provided by the Game Ready company. In total, 70
patients with 72 knees were randomized with random-number-generator into GR
and UC groups. Two patients were lost to follow up right after TKA. By Week 2
after TKA the GR group lost seven patients (19%) to follow-up, and the UC group
lost three patients (8%). By Week 6 the GR group lost another seven (19%), and
the UC group lost six (16%) patients to follow-up. The flow chart provided did not
display the number of patients lost to follow up correctly (the humbers in GR and
UC groups were reversed). Table 1 displayed baseline demographics, VAS and
ROM values, and Table 2 displayed predictive values comparing the two groups at
different time points. Table 3 included various variables (i.e., length of hospital
stay, mid-patella circumference, patient satisfaction questionnaire (PSQ), knee
injury, and osteoarthritis outcome score (KOOS). Table 3 displayed statistically
significant mean differences pre-operatively between the GR and UC groups for
the four domains of the KOOS (i.e., overall, pain, symptoms, and quality of life).
The authors concluded that the most important finding from their study was
better knee extension ROM at the end of the first two-weeks in the GR group.
However, they also acknowledged that due to the high drop-out rate, this finding
could be due to chance. They did not find any other significant benefit of using a
cold-compression device. They also mentioned the high cost of these devices for
patients and several limitations of their study (e.g., impossibility of blinding
patients, lack of fully standardized assessments, short follow-up period).
Meyer-Marcotty et al.1%® studied the effectiveness of combined cryo-compression
therapy compared to standard care for patients who underwent wrist arthroscopy.
Fifty-four patients were randomized to treatment and control groups,
Cryo/CuffTM (3x10 min twice daily) and standard postoperative care,
respectively. All patients kept a pain diary over 22 days, recording their pain on a
VAS scale twice a day, and all were allowed to take analgesics (ibuprofen 600 mg
tablets, maximum three times a day). The authors measured swelling of both
forearms, using the Archimedean principle. The healthy forearm was the control.
The water displaced by the treatment and control groups was recorded in
milliliters and compared. They also measured ROM as extension-flexion, radial-
ulnaduction, pronation-supination, and as overall ROM. Both swelling and ROM
measurements were taken preoperatively, and on Day 1, Day 8, and Day 21.
The DASH (Disability Arm Shoulder Hand) score was used to measure the
subjective impairment preoperatively and on Day 21 after the arthroscopy. At the
end of the study period, pain level was reduced significantly in both groups (49%
in the Cryo/CuffTM group, and 41% in the control group). Even if at the earlier
stages, pain levels were significantly lower in the Cryo/CuffTM group than the
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control group (P<0.05), between Day 3 and Day 21 post-operation the change in
pain levels of the Cryo/CuffTM group were not significantly different than the
control group. The authors concluded that the application of home-based cryo-
compression therapy using the Cryo/CuffTM wrist bandage for three weeks after
wrist arthroscopy had no significant effect on pain, swelling, range of motion, and
subjective impairment DASH score compared to the control group. The authors
stated that adherence to the CONSORT recommendations to improve reporting
quality (scored 17 out of 22) was an asset for this study. It was also reported
that the Cryo/Cuff devices used for this study were provided by Dj Ormed.

In a2024 RCT, Quesnot et al.'*” studied compressive cryotherapy compared to
standard cryotherapy after total knee arthroplasty (TKA) in patients diagnosed
with primary knee osteoarthritis. The primary outcome of interest was range of
motion (ROM), followed by pain, swelling, and functional recovery as secondary
outcomes. Forty patients were randomized into standard cryotherapy (SC)
utilizing ice wraps and compressive cryotherapy (CC) utilizing the Game Ready®
system. The patients were operated on by two surgeons, in two different centres,
using the same technique (TKA with a medial parapatellar approach). The
immediate postoperative protocol was identical, including analgesics, low-
molecular-weight heparin, compression socks, and more. The protocol also
required all patients to receive cryotherapy with ice packs for 20 minutes
(morning and evening) after TKA. When the eligible patients were discharged
from the surgical centre and transferred to the rehabilitation centre, they were
allocated to SC or CC study groups using block randomization. A goniometer was
used to measure ROM (primary outcome) through passive knee flexion and active
knee extension. Swelling, one of the secondary outcomes, was measured via
knee circumference taken at three levels. The Ballottement patellar test was used
to evaluate joint effusion. The verbal numeric rating scale (VNRS) was used for
pain assessment, the 6-minute walk test (6MWT) for walking distance, and the
‘function and ADL’ domain of the KOOS was used to measure the patient’s
independence. Rehabilitation also involved 45-minute physical activity (APA)
group sessions for all patients. Depending on their study group, the subjects
received one of the two cryotherapy protocols five days a week for three weeks.
For the CC group, when the results at baseline and Day 21 compared, except for
the ‘pain at rest’, all other outcomes were improved on Day 21. When the SC
group was compared to the CC group at the baseline (Day 1) the circumference
of the patella measured was statistically significantly different. When the two
groups were compared at Day 21, joint effusion, pain during activity, 6MWT (m)
and KOOS scores were statistically significantly different. The authors undertook
a survival analysis for each parameter that did not display statistically significant
differences when compared between the two study groups (e.g., the primary
outcome - passive and active ROM of the knee). In the survival analysis, a value
of ‘zero’ denoted the reach of the whole study group to the threshold and healing.
With the survival analysis, the authors found that regarding passive flexion there
was a statistically significant difference in favor of the CC group. Regarding active
extension lag (AEL), survival analysis did not detect a significant difference
between the two groups. For knee circumference at +15cm, a statistically
significant difference between the groups favoring the CC group was detected.
The survival analysis did not detect a difference between the groups regarding
the ‘pain at rest’ parameter. The authors pointed that their study did not have a
control group with ‘no cryotherapy’. They also underlined that both types of
cryotherapies they studied had a beneficial effect on all parameters, except for
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‘pain at rest’. And for most of the parameters, compressive cryotherapy appeared
to be advantageous compared to standard cryotherapy.

To explore the effect of cryotherapy after elbow arthrolysis, Shi-yang Yu et al.'>°
conducted a prospective, single-blinded, randomized controlled study (RCT). The
comparison was between the two randomly assigned patient groups that received
elbow arthrolysis. The treatment group was administered ‘cryotherapy plus
standard care’ and the control group was administered ‘standard care only’.
Randomization was done using computer-generated random numbers.
Cryotherapy used in the treatment group was the Cryo/Cuff system, which
provided continuous cooling combined with pulsing compression (30mmHg) at
30-second intervals. All patients were operated on by the same surgeon.
Regardless of their group (treatment or control), all were administered identical
postoperative management protocol (standard care), except for the treatment
group receiving the additional Cryo/Cuff treatment at least in three sessions of
60min/day for one week. At the baseline (before the elbow arthrolysis)
demographic variables did not differ significantly between the treatment and
control groups. One of the main outcome variables was elbow pain (both at rest
and in motion) —-measured using VAS- on postoperative Day 1 through Day 7 and
at 2 weeks and 3 months, postoperatively. Blood loss and analgesic consumption
were also measured in the postoperative period. The elbow ROM was measured
before surgery, on Day 1 through Day 7, and at 3 months after surgery. The
Mayo Elbow Performance Score (MEPS) test was implemented preoperatively and
postoperatively at three months. The only statistically significant difference
between the treatment and control groups was observed for VAS and analgesic
consumption. The VAS scores on Day 1 through Day 7 (both at rest and in
motion) were significantly different between the two groups, with no differences
observed after Week 2. Overall, the mean analgesic consumption was reduced
statistically significantly in the treatment group compared to the control group
(P<.01). For the rest of the outcome variables, there were no significant
differences between the treatment and control groups. The authors concluded
that cryotherapy was effective for reducing pain and analgesic consumption, but
it would not affect blood loss, ROM, or elbow function.

Su et al.'*! explored whether there would be differences between a group of
patients who underwent ‘cryotherapy and intermittent pneumatic compression’
and who used ‘ice and static compression’ after TKA surgery. The outcomes
studied were pain, swelling, range of motion, functional testing, and consumption
of pain medication. For this multi-centre trial, the patients were recruited from 11
clinics (max 75 from each), and randomization was achieved by a random
number generator (known only by the operating surgeon and patient). The knee
ROM was measured with a hand-held goniometer. The knee girth was measured
at three levels: superior, middle, and inferior to the patella. A six-minute walk
test (6MWT), a timed up and go (TUG) test, and a visual analog scale (VAS) of
pain were also employed. All tests/measurements were administered pre-
operatively, and at Week 2 and Week 6 after the operation. A patient satisfaction
survey was also administered at the end of the study. Both groups were similar in
terms of gender, ethnicity, age, and body mass index, at the baseline.
Postoperatively, the patients in the treatment group (n=103) were treated with
the GameReady™ cryopneumatic device, and the ones in the control group
(n=84) with ice and a static compression bandage. Both groups received
postoperative treatments at identical intervals and durations. At Week 2
postoperation, no statistically significant differences were observed between the
two groups regarding knee girth and ROM, functional tests, and VAS scores. The
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only significant difference found in the first two weeks after the operation was in
the consumption of pain medication. The treatment group using the
cryopneumatic device consumed a statistically significantly lower amount of
morphine equivalents compared to the mean consumption in the control group (p
< 0.05). The cryo-compression regime was stopped at Week 2. When the two
groups were compared at Week 6, none of the parameters were statistically
significantly different. However, the subjective results from the patient
satisfaction survey favored the cryopneumatic device significantly, with better
rates regarding pain control and relief of stiffness. The authors concluded that
cryopneumatic compression device was beneficial after TKA, in the recovery
period. There were no notes regarding funding or conflict of interest in this paper.
Waterman et al.'>* investigated the efficacy of combined cryotherapy and
compression (utilizing the Game Ready® Device) in 36 patients who underwent
anterior cruciate ligament (ACL) reconstruction surgery. The control group
consisted of the patients who received cryotherapy alone (conventional ice pack).
After the surgery, both groups (combined cryotherapy and compression group -
CC group—, and control group —C group-) used their rehabilitation method three
times a day and were expected to visit the clinic at Week 1, Week 2, and Week 6
points after the surgery. The primary outcome of interest was the visual analog
scale (VAS) score for pain. The secondary outcomes were Short Form-36 (SF-36),
single assessment numerical evaluation (SANE), Lysholm scores, medication use,
and circumferential measurements taken at and around mid-patella. During each
visit to the clinic, these markers were measured and compared between the two
groups, as well as compared over time at different time points, including baseline.
Demographic and outcome data were similar at the baseline for treatment and
control groups, except for the primary outcome, VAS. Even though the study
subjects were randomly assigned to treatment or control groups using a random
number generator, there was a significant difference between the VAS scores for
the treatment and control groups (p=0.01) at baseline, as such the VAS score
was 54.9 and 35.6, respectively. After the surgery, the standard postoperative
ACL rehabilitation protocol was used for both groups. At the end of the study,
there was a significant drop in narcotic pain medication use in the CC group,
compared to the C group. No statistically significant differences were detected for
the knee circumferential measurements, SF-36 scores, Lysholm scores, and SANE
scores between the two groups or over various time points. There were no wound
complications reported by the patients. The authors concluded that cryotherapy
combined with intermittent compression positively reduced narcotic medication
use and improved perioperative pain control. The authors did not include any
information about study funding or conflict of interest matters.

Of these 13 studies (both systematic reviews and RCTs) 10 were on knee-related
surgeries?:3:147,:151,154,158,160,163,164,166 jncluding ACL reconstructions.!>#163,164 Qthers
were related to wrist'#¢ and elbow,!*° and one systematic review!®! explored
cryotherapy applications after various joint operations and muscle contusions,
strains and sprains. Several cryotherapy devices that incorporated compression
were used in these studies (e.g., Cryo/Cuff, Game Ready, Ever-cryo system). The
number of study subjects in these selected RCTs ranged from 36 to 72, and there
was one multi-centre study with 187 participants.! Only three of the RCTs
employed a ‘power calculation’ to determine their study sample size.147:154
Although the methodological quality of the primary studies was a big challenge
for the systematic reviews, most of the RCTs included in this review adopted fair
methodological approaches and shared information about their practices (e.g.,
study setting, recruitment of study subjects, randomization process, hypothesis
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generation, information on the chosen cryo-compression device, patient follow-
up/dropouts, side effects/complications, statistical approaches they used).
Blinding patients to the treatment device was not possible in this research
setting. However, the lack of blinding of the research staff, who carried out the
assessments, is of concern. Only three of the RCTs mentioned blinding of the
attending research staff when taking measurements.3147:151 Only one study
mentioned intent-to-treat analysis.'#® The same RCT by Meyer-Marcotty also
followed the CONSORT recommendations when preparing their report. Several of
the systematic reviews included used methodological assessment tools to
evaluate the primary studies they included and presented these assessment
scores in their papers (i.e., the Cochrane Collaboration’s risk-of-bias tool, 163
PEDro (Physiotherapy Evidence Database) scores criteria,'®® and JADAD Scale.!66
The overall challenge with systematic reviews was the heterogeneity involving
many aspects of the primary studies (e.g., sample sizes, patient populations,
surgery type, surgical approaches used, protocols for immediate postoperative
care practices, different interventions in control groups (e.g., standard care, icing
only, compression only, other interventions), volatile methodological quality
across studies, especially differences in implementation of the treatment (e.g.,
type of intervention, starting time/day, duration, frequency of daily use). Length
of patient follow-up was also not standard across studies. Depending on the
research interest, follow up focus was only on the acute phase or long-
term/rehabilitation effects of the cryo-compression device. None of the selected
RCTs provided information about the actual surface temperature of the
cryotherapy device.

All seven systematic reviews, three with meta-analyses,!63 164 166 were in favor of
cold-compression cryotherapy - especially, for early-stage pain reduction and
drop in analgesic/narcotic medication consumption —2/158,160,161,163,164,166 after joint
surgeries. However, the authors highlighted the low to moderate level of
evidence, due to numerous methodological shortcomings in the primary studies.
However, the six RCTs selected were not in clear agreement as the systematic
reviews were. While two of these RCTs'°0 134 concluded in favor of cold-
compression cryotherapy, the other four3146:147.151 were not fully in agreement.
This was partially because of their original hypotheses which involved
improvement in ROM measurements after cold-compression cryotherapy, which
did not happen. This gap between the findings from the systematic reviews and
the RCTs might be explained by the fact that the RCTs included were from the
2010-2020s and were methodologically fair. Whereas the primary studies
included in the systematic reviews were from much earlier years and did not
carry the same methodological rigor.

The medical literature on the efficacy and effectiveness of cold-compression devices in
rehabilitation following joint surgeries is limited and equivocal.

The seven systematic reviews (three with a meta-analysis) and six randomized
controlled trials (RCTs) selected for this review were also equivocal on this
efficacy/effectiveness question.

All systematic reviews included primary studies with serious methodological
shortcomings and heterogeneity. Hence, the level of evidence for the systematic reviews
is downgraded to Level 2, instead of Level 1.
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The RCTs included had better methodological rigor compared to the methodological
quality of the primary studies included in the systematic reviews; hence, the level of
evidence for the RCTs is Level 1.

The main finding from several systematic reviews and RCTs was ‘less pain and less
analgesic consumption’ with cold-compression cryotherapy at the early stages following
a joint surgery.

Very rarely, cryotherapy may cause complications, including frostbite, which may lead to
skin compromise or, even more rare, injury to the peroneal nerve.

In general, the use of cryotherapy - either for acute/immediate care or long-term
rehabilitation - is not spelled out. However, these two could be distinct concepts and
might impact the efficacy question.

When cryo-compression is compared with ice alone, there is usually a positive effect on
pain and sometimes, on other variables. However, when cryo-compression is compared
with compression alone, no positive effects are observed. This brings about the
‘confounder’ question which requires further investigation.

There are major challenges in terms of methodological rigor, especially for the primary
studies of systematic reviews. Several new study protocols on cryo-compression for joint
surgeries are registered in related databases; hence soon more RCTs will become
available for systematic reviews/meta-analyses to disentangle the real effect of cryo-
compression as a treatment.

In conclusion, based on the selected RCTs and systematic reviews/meta-analyses, there
is moderate to high-level evidence that cryo-compression devices are effective in
reducing pain and narcotic analgesic consumption after joint surgeries, particularly in the
earlier stages post-operation. However, due to the low methodological quality of the
primary studies that contributed to the systematic reviews/meta-analyses, the findings
should be interpreted with caution. At this time, a clear effect cannot be demonstrated
for other commonly studied outcomes, such as range of motion (ROM), swelling/girth,
function, and hospital stay. Better quality studies are needed to make inferences about
patient satisfaction and the cost-effectiveness of these devices.
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WorkSafeBC — Evidence-Based Practice Group levels of evidence (adapted
from 1-6)

Experimental, randomized controlled trial (RCT), systematic review RTCs with or
without meta-analysis.

Evidence from controlled trials without randomization (quasi-experimental studies) or

2 . . . .
systematic reviews of observational studies.

3 Evidence from cohort or case-control analytic studies, preferably from more than 1
centre or research group.

4 Evidence from comparisons between times or places with or without the intervention.
Dramatic results in uncontrolled experiments.

5 Opinions of respected authorities, based on clinical experience, descriptive studies or
reports of expert committees based on scientific evidence.
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Adie et al'>® studied the efficacy of cryotherapy in the acute phase following total knee
arthroplasty (TKA). However, they included any form of cryotherapy (e.g., ice packs)
and not only cold-compression therapies. Therefore, this systematic review was
excluded.

In 2012 Adie et al'>> undertook a Cochrane systematic review and meta-analysis. In this
instance, the study population was patients with osteoarthritis who were treated with
total knee replacement (TKR). However, the intervention was again cryotherapy in the
broader sense. They included patients who received “any form of cryotherapy”, including
ice bags or specialized devices, hence this systematic review was excluded.

The Cochrane systematic review by Aggarwal et al'>” was an update of the Cochrane
review above which was from 2012 by Adie et al.!>> Even if this updated review included
four studies comparing ‘cryotherapy with compression’ to ‘no treatment’ and nine studies
comparing ‘cryotherapy with compression’ to ‘compression alone’, it did not include
separate analyses for these groups. The meta-analysis was focused on comparison of
any type of cryotherapy to any control intervention. Hence, this updated Cochrane
review also did not meet our preset inclusion criteria and was excluded.

Gabiatti et al.'>® undertook a systematic review to study the effects of cryotherapy on
pain, range of motion, functionality, and skin and intra-articular surface temperatures in
postoperative period following shoulder surgery. They selected six studies to be reviewed
from a large pool of studies from commercial literature databases and through grey
literature. They concluded that cryotherapy was effective in reducing pain. However,
they pointed out the risk of bias in primary studies, small sample sizes, heterogeneity in
terms of population, intervention procedure (e.g., duration of therapy) and outcome
measures. Since any type of cold therapy (including ice packs) was used and contributed
to the authors’ conclusion this systematic review was also excluded.

The 2023 systematic review by Krampe et al.%? focused on cryotherapy in knee
arthroplasty. Out of 700 citations, five RCTs were selected for their review. To evaluate
the methodological quality, they used Cochrane risk-of-bias tool for randomized trials
(RoB 2). The risk of bias was high or moderate for all five studies that studied the
outcomes of pain (primary outcome), range of motion (ROM), and function. The authors
conducted a meta-analysis on the ‘pain reduction’ with two of these low-quality studies.
The effect size was not statistically significant. The authors concluded that studies with
higher methodological quality were needed to study the efficacy of cryotherapy in the
postoperative period after knee arthroplasty. Since only one of these five low-quality
studies included compression as their cold application method, we did not include this
systematic review in this report.

Liu et al.! undertook a systematic review/meta-analysis to explore whether the recently
developed continuous cryotherapy devices were superior to traditional icepacks and gels
in total knee arthroplasty (TKA). They compared the efficacy, safety, and cost-
effectiveness through seven RCTs, and concluded “no significant differences in pain
intensity, analgesics consumption, postoperative range of motion, swelling of the knee
joint, blood loss, change in hemoglobin, transfusion rate, length of hospital stay, and
adverse events. In addition, continuous cryotherapy may lead to extra costs and
resources than traditional cryotherapy”. However, since the authors specifically defined
the study intervention as “continuous cryotherapy (without compression)” this
systematic review/meta-analysis was excluded.
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The systematic review on pain management after ACL reconstruction was conducted by
Secrist et al.'®> where 77 RCTs were reviewed. Only 10 of them were on
cryotherapy/compression. Focusing on these 10 studies, we found that only one of them
involved cryotherapy with compression. Therefore, we excluded this systematic review.
Nonetheless, the authors reported that at six weeks after the operation cold-
compression therapy led to significantly higher discontinuity of narcotics greater
decrease in Visual Analog Scores (VAS) compared to ice packs alone.

Van Grinsven et al.!%7 attempted to develop an evidence-based accelerated rehabilitation
protocol rehabilitation to be used after ACL reconstruction surgeries. It would help
reduce pain, swelling and inflammation; and increase ROM, strength, and neuromuscular
control, without postoperative bracing. The authors aimed for international consensus on
this protocol, which they believed would also improve the outcome measurement and
reporting. Since their background literature search did not include ‘cryotherapy’ among
the keywords searched, and there was mention of only one study on the topic; also,
since this was a study to develop a standardized rehabilitation protocol, not an RCT or
systematic review to investigate efficacy of cold-compression devices, it was not included
in our review.

To present a comprehensive review of the modalities used for pain control after
outpatient shoulder arthroscopy Warrender et al.'®® undertook a systematic review and
analyzed the results on various pain outcomes. The modalities included were regional
nerve blocks/infusions, subacromial/intra-articular injections or infusions, cryotherapy,
and oral medications. Out of the 40 selected RCTs, only the study by Speer et al. (1996)
studied the efficacy of cryotherapy (we are not informed about the type of cryotherapy
and if ‘compression’ was involved) and reported better pain and sleep outcomes
compared to the group that did not receive cryotherapy. However, since this was the
only cryotherapy-related study among the 40 studies included in the systematic review,
we did not include the Warrender et al. systematic review in our report.

A systematic review by Wyatt et al.'®® on the effects of various cryotherapies on pain,
swelling, postoperative opioid use and ROM after total knee arthroplasty (TKA) initially
captured 512 citations. Six RCTs were selected for the review. To evaluate the
methodological quality of these RCTs, the authors used the Joanna Briggs Institute (JBI)
protocol for appraising RCTs. The authors defined cryotherapy as “....a safe, non-narcotic
intervention for postoperative pain control as part of a multimodal pain management
approach. Some of the more popular methods of cryotherapy include traditional crushed
ice packs, salt-ice packs, continuous circulating cold water cuffs, combined compression-
circulating cold-water cuffs, and computer-assisted cryotherapy (CAC)” CAC can keep
the temperature of the circulating cold water in the cuff. Due to the high heterogeneity
among the six primary studies included, Wyatt et al. were not able to run a meta-
analysis. Qualitatively, they concluded that the positive effect of cryotherapy after TKA
(regardless of the cryotherapy type applied) in reducing pain and opioid use was
primarily in the first postoperative week, and beyond this period there was no
statistically significant benefit in any of the studied outcomes. For ROM and swelling, no
benefits were observed at any time point. When we further checked the six primary
studies, we found that none of them were on cold-compression therapy. Hence, this
systematic review was excluded.

Bech et al.'*3 compared effectiveness of consistent cooling using a device (37 patients)
to usual care that was intermittent cooling using an ice bag (34 patients) in the first 48
hours after total knee arthroplasty (TKA). The primary outcome was pain measured
using numeric pain rating scale (NPRS). They found no significant difference between the
two groups with respect to pain, blood loss, nausea or vomiting, self-reported function,
passive ROM, or length of hospital stay after TKA; hence suggested that the extra cost
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for using this device may not be justified. Since the intervention device (DonJoy
Iceman, DJO Canada, Mississauga, ON) is a ‘recirculation system’ that provides
consistent cold therapy, but not a combined compression, this RCT was dropped from
our review.

An RCT conducted by Brouwers et al.'** randomly allocated 102 patients either to
computer-assisted cold therapy (cryotherapy) or regular care (control) group, following a
total knee arthroscopy (TKA). The intervention was beneficial during the first
postoperative week and reduced pain, as well as opioid consumption. But no beneficial
effects were observed in knee function or swelling. The intervention group used ZAMAR
ZHC-MG665A (in the hospital) and ZAMAR ZT Cube (at home), which was a computer-
assisted cryotherapy method. However, there was no mention of compression
incorporated with this cold therapy. Hence, this RCT was excluded.

Chen et al.'*> conducted an RCT randomizing half of the 60 patients to intervention
(programmed cryotherapy) and the other half to control (continuous passive motion)
groups after the patients underwent a computer-assisted total knee arthroplasty (CAS-
TKA). This study did not find any significant differences in pain and swelling between the
intervention and control groups. But on postop Day-4, ROM was significantly higher in
the intervention group. However, the device used for intervention continuous passive
motion (CPM) was a motorized device, which passively moved the knee joint and did not
include any compression. Therefore, this RCT was also excluded from our review.

Ruffili et al.'*® conducted a prospective randomized comparative trial with two identical
groups of patients who had ACL reconstruction. Postoperatively, for cold application, the
treatment group was offered a temperature-controlled continuous cold flow device,
whereas the control group received traditional coolants (ice bag). Their primary outcome
was pain reduction, and secondary outcomes were reduction of blood loss, and knee
swelling and improved knee ROM. The authors reported significantly better results with
the treatment group. However, the device used, Hilotherm group, did not have a
compression component. Hence, this study was excluded from our review.

Ruffilli et al.’s 2017 article® was very similar to the previous one. This time, there was no
statistically significant differences between the two groups for blood loss (drain output
and total blood loss), transfusion requirement, pain (NRS values and analgesic
consumption), and active ROM. The computer-controlled cooling system was not superior
to traditional icing method. However, the patients’ subjective evaluations were in
support of the device, Hiloterm. Authors suggested that these highly costly devices
should be limited to selected cases. Since the Hiloterm system did not have a
compression component, this study was not included.

Sadoghi et al.'*? evaluated a new cryotherapy device on early rehabilitation after TKA.
They undertook a prospective randomized controlled trial, with the study group using
cTreatment®, and the control group using standard cold therapy. The authors concluded
that there were significant benefits with the new cryotherapy device regarding early
post-operative remobilization, improved ROM, reduced secretion, and bleeding. The
company Waegener provided funds to finance the study. The device had no compression
component. Hence, this study was not included in our review.

Schinsky et al.” conducted a noninferiority RCT for ice/gel pack compared to a
cryotherapy device with circulating cold water, in TKA patients. They were also
interested in the cost-benefit analysis. After studying the two groups, evaluations were
done at three and six weeks and a survey was undertaken with the attending hospital
staff. They found that at six weeks after TKA, average pain level was significantly less in
the ice/gel pack cryotherapy wrap group, and for every 100 TKAs performed, if ice/gel
pack were used (instead of a circulating cold-water device) their institution would save
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$9,734. This study was also excluded as the device used had no ‘compression’ combined
with the circulating cold water.

Thienpont et al.'>? studied the hypothesis that “advanced cryotherapy devices compared
with cold packs result in (1) better postoperative pain control resulting in a lower
consumption of narcotics; (2) better early ROM; and (3) less postoperative bleeding and
swelling.” However, they were not able to confirm their hypothesis and concluded that
the ‘advanced cryotherapy with a continuous temperature for a prolonged period’ was
not advantageous compared to cold packs and was not able to achieve early recovery
after knee arthroplasty. The cryotherapy device they used for this RCT was cPad from
Waegener, Belgium and was a computer-controlled cryotherapy device with no
compression application. Therefore, we did not include this study in our review.

Thijs et al.'>3 undertook a prospective, double-blind RCT to investigate the effect of
computer-assisted cryotherapy (CAC) in reducing pain and consumption of opioids in
patients following TKA. Besides the pain and opioid consumption studied as primary
outcomes, swelling, visual hematoma and patient reported outcome measures (PROMs)
were studied as secondary outcomes. The authors reported that CAC was effective in
cutting pain and consumption of opioids during the first few days following the operation.
This was an outpatient surgery clinic where the patients were to take the CAC device to
their homes when discharged. However, the CAC device used for computer-assisted
cryotherapy was Zamar Therapy Cube, which can run a fixed temperature for a lengthy
period but did not have compression incorporated to the system. Hence, we excluded
this RCT from our review.
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Flow Chart — Study Selection

Records identified through databases JBI
EBP Database, EBM Reviews - ACP
Journal Club, EBM Reviews-Cochrane-
Central Register of Controlled trials, EBM
Reviews-Cochrane- Syst Reviews, EBM
Reviews - Database of Abstracts of Reviews
of Effects, EBM Reviews-Health
Technology Assessment, MEDLINE(R),
EMBASE, CINAHL Complete

Citations identified (n=268)

Duplicates removed (n=98)

Total number of studies retained (n=170)

Excluded - not in English (n=6)
Excluded - published before 2003 (n=17)
Excluded - Animal study (n=1)

Remaining studies (n=146)

Based on inclusion/exclusion criteria
Not relevant- other intervention (n=27)
Not relevant- other population (n=5)

Not relevant- other outcome (n=5)

Pilot studies, conf. abstracts, etc. (n=40)
Case series, observation. std., etc.(n=9)

Total Remaining studies (n=60)
Systematic reviews/meta-anal. (n=17)
RCTs (n=15)

Based on full-text review - excluded
Systematic review/meta-anal. (n=10)
RCTs (n=9)

Total Selected (n=13)
Systematic reviews/meta-anal. (n=7)
RCTs (n=6)
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