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Abstract
Background The aim of this prospective, randomised and single blinded study was to evaluate the efficiency and safety of a new
cryotherapy device in patients undergoing unilateral, primary total knee arthroplasty (TKA). Our hypothesis was that patients
administered to the new cryotherapy device would perform better than patients receiving a conventional standard cold therapy
regimen.
Methods Ninety-seven patients were randomised into two groups receiving either the cTreatment® (new cryotherapy device) or
the standard cold therapy protocol (including cold pack application for six days after the surgical intervention). We evaluated the
following endpoints consisting of range of motion (ROM), pain intensity, and knee girth on admission day and the second, fourth,
and sixth post-operative day (POD).
Results A statistically significant benefit of the new cryotherapy device was detected regarding the ROM on the sixth POD with
an average gain of 7 degrees (p = 0.021). Pain in the numeric rating scale (NRS) score in motion was significantly lower in the
cTreatment® group on the second POD (p = 0.034). There were no statistically significant differences between groups regarding
the NRS in rest, patient controlled analgesia (PCA) consumption, and girth measurements. No adverse effects were observed in
both study groups.
Conclusion The new computer-controlled cooling therapy device provides benefits in terms of early post-operative
remobilisation with respect to ROM and pain, which might be attributed to a reduced inflammatory response, as well as reduced
secretion and bleeding. The cTreatment® system appears to be a safe and efficient procedure.
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Introduction

Total knee arthroplasty (TKA) is a standard approach to im-
prove quality of life for patients with end stage osteoarthritis
of their knee joint, limited range of motion (ROM), and in-
creasing knee pain [1–3]. In order to enhance the recovery and
outcome after TKA in recent years, more and more attention is
drawn to the improvement of post-operative soft tissue treat-
ment. It is therefore a mandatory aim of fast-track arthroplasty
to enable patients to leave the hospital earlier, which might
lead to less nosocomial infections and overall lower socioeco-
nomic burdens.

External application of cold therapy in the proximity of
joints can be performed with various mediums such as ice
[4–6], cooled fluids [4, 6–11], cooled air, or cooled gas [4].
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The benefit of local cooling is its universal access and the low
costs. Following surgical intervention of the knee joint the
cooling process aids to minimise the intra-operatively induced
soft tissue damage of all affected anatomical structures. It was
proven that externally and superficially applied cooling out-
reaches transdermal structures, which consecutively implies
that not only the skin temperature is strikingly decreased but
also the intra-articular measured temperature [12]. All effects
triggered by local cooling, such as moderating symptoms re-
lated to inflammation, pain, and swelling [13], are superficial
as well as profoundly equally active. It has been shown that
locally applied cold could induce analgesia [14, 15], anti-
inflammatory effects in terms of diminishing local mediators
[16, 17], and reduction in peripheral blood flow due to vaso-
constriction [13, 15, 16].

Systematic reviews could already detect significant en-
hancements favouring cryotherapy in post-operative pain,
which were particularly manifest around the second post-
operative day (POD) [18, 19]. Literature has demonstrated
the potential of a cold-based reduction of post-operatively
required analgesia after reconstruction of the anterior cruciate
ligament (ACL) [20], and Su et al. [6] and Morsi et al. [11]
were able to observe significantly declined post-operative ad-
ministrations of analgesics in patients undergoing TKA.
Whereas several studies were not able to find between-group
differences regarding the post-operative swelling and knee
girth [4, 6], Kullenberg et al. [8] and Morsi et al. [11] found
distinct cold-induced improvements to the knee’s ROM, par-
ticularly several days after the surgical intervention and after
discharge. In terms of the post-operative blood loss after TKA,
which appears to be a serious clinical problem with confirmed
losses reaching up to 1500 ml [21], it was evident to record
significantly lower losses by use of a haemovac, which was
removed after 48 hours post-operatively [10, 11]. In addition,
Kullenberg et al. stated a significantly slighter haemoglobin
drop after surgery in patients receiving adequate cryotherapy
[8]. Recent large-scale systemic reviews performed by Adie
et al. in 2010 and 2012 resulted in small reductions in post-
operative blood loss after TKA based on cryotherapy [18, 19].
The same authors summarised that cryotherapy was a safe
procedure, with the most common cause for withdrawal and
termination of the cold therapy being subjectively experienced
discomfort [18]. Concerning the length of hospital stay, two
reviewed studies verified a statistically significant shortened
hospitalisation to the exact same extent of 1.4 days in study
groups using post-operative cryotherapy [8, 9], although
Scarcella et al. could only observe this difference in patients
undergoing total hip arthroplasty, as the group of patients after
TKA might have been underpowered [9].

However, until today, there has not been any consensus on
the optimal application method of cryotherapy after TKA and
therefore the presented study is of clinical importance and
highly relevant [18, 19, 22].

The purpose of this prospective, randomised, single-blind,
and controlled clinical study was therefore to compare a new
cryotherapy device with a standard cooling protocol,
consisting of cold packs only in patients undergoing primary
and unilateral TKA in terms of pain reduction, mobilisation,
analgesic consumption, and knee girth circumference.

Our study hypothesis was that patients receiving the new
cryotherapy device would benefit with respect to early post-
operative rehabilitation, mobilisation (range of motion), anal-
gesic consumption, and knee girth and that the device repre-
sents a safe and efficient option.

Patients and methods

This study was conducted as a prospective, randomised and
single-blind, comparative controlled clinical trial between
December 2011 and April 2013 at the Department of
Orthopaedic Surgery of the Medical University of Graz,
Austria in line with the CONSORTchecklist [23]. In addition,
this study was approved by the local ethics committee with the
trial number: 24-214 ex 11/12.

Patients between 55 and 90 years of age suffering from
severe degenerative end-stage osteoarthritis of the knee joint
who were scheduled for implantation of TKAwere eligible for
enrolment in this study after providing informed consent.
Exclusion criteria were severe pre-existing local and systemic
conditions others than gonarthritis and foregone surgical in-
terventions others than arthroscopy of the knee joint.
Rheumatoid arthritis was also an exclusion criteria. We did
not exclude patients who had undergone contralateral TKA
or THA on one or both sides. There were no changes after
trial commencement with respect to eligibility criteria.

After giving their written consent with help of a study nurse
the patients were randomised to a cryotherapy group, receiv-
ing the cTreatment® system (new cryotherapy device with a
continuous cold flow), or the standard group, receiving con-
ventional cold pack application. Randomization was per-
formed in a 1:1 ratio, using the web-based programme
BRandomizer^ [24]. Permuted block randomization was per-
formed with block size 6 and stratified for sex and scheduled
design type of endoprostheses to be implanted, which was
either the PFC® or the LCS® system (both from DePuy®,
Warsaw, IN, USA).

After being randomised to the therapy group, patients were
assigned to the locally applied cryotherapy treatment by use of
the new cryotherapy device until the end of the clinical study,
which was set for the sixth POD. That implied the first cooling
session for one hour already pre-operatively on the pre-
operative day (PreOD). Furthermore, the subjects received
cryotherapy immediately after TKA in the postanaesthesia care
unit for six hours in total. During the in-patient setting until the
sixth POD, the new cryotherapy device was applied each day
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for four hours in total, namely, two hours in the morning and
two hours in the afternoon. In addition, there was the option to
use the new cryotherapy device in terms of additional analgesia
in the evening for up to four hours on each POD.

According to the manufacturer, the new cryotherapy device
is a class IIa medical device, which thermodynamically ex-
changes heat, which is controlled by a built-in computer. It is
able to regulate both the flow rate and the fluid’s temperature
reaching a special pad. The new cryotherapy device is operat-
ed by use of a touch screen, which allows to start, pause,
resume, and stop a cooling session. According to the instruc-
tion manual, the pad, which is connected to the server with
flexible tubes using an anti-reflux design, is made of flexible
polyurethane, latex free, and hypoallergenic. Using hook and
loop fasteners it is easy to wrap around the knee ensuring
maximum contact surface (Fig. 1a, b). The device was applied
on the post-operative dressing, which was performed in a
standardised way in each single case.

The control group (standard therapy [ST] group) was treat-
ed abiding by the standard cryotherapy regimen at our depart-
ment including the use of common cold packs (cold/hot pack,

Dahlhausen®, Cologne, Germany). They did not receive any
cryotherapy before the surgical intervention corresponding to
the standard regimen. After TKA, cold packs were applied
three times per day for 20 minutes each throughout the whole
trial. In the context of blinding, the cold packs were placed
beneath the applied pads of the cryotherapy device in subjects
randomised to the standard group, in order to account for a
subjectively experienced cold as the CTS was turned off. The
coolpacks were put beneath the applied pads, which were
switched on or off according to randomization. From an eth-
ical and scientific standpoint, this was the correct way, as it
would not have been ethically correct to test the new device
against no cooling method, which is our hospital standard. It
was the most appropriate methodology, to put the coolpacks
beneath the device, in order to achieve appropriate blinding.

Besides that, the study setting was identical in both groups.
For the purpose of a better comparability all participating

patients received general anaesthesia and a post-operative an-
algesic therapy based on patient controlled analgesia (PCA),
which was filled with diluted hydromorphone, accounting for
0.2 mg hydromorphone per single dose. In addition to that,
Novalgin® (4 times, 1 g) was exclusively administered as a
non-opiate analgesic. The PCA was removed after 72 hours
post-operatively.

The performed physical measurements consisted of the
quantification of the knee girth and the ROM of the treated
knee joint as the primary endpoints. The measurements
concerning the knee girth were performed at three different
levels, at the middle of the patella, 7 cm proximal of the pa-
tellar base, and 7 cm distal of the apex patellae. The ROMwas
evaluated by use of a hand-held goniometer with the patient in
a supine position. Extension lag was considered significant
with a value greater than 5 degrees. In order to avoid potential
bias of these measurements, inter- and intra-class correlations
were calculated by two blinded observers. Among the non-
physical evaluations (secondary endpoints) was verbally
assessing the subjectively experienced pain intensity by use
of the 11-point numeric rating scale (NRS) pain score, with
zero corresponding to Bno pain at all^ and ten corresponding
to Bstrongest pain imaginable^. The NRS was always evalu-
ated for the state of absolute rest and the state of motion. In this
relation the more objectively evaluable analgesics consump-
tion was recorded. Therefore, the total hydromorphone usage
administered by use of PCA after 72 hours was noted. The
physical examinations of the knee joint’s ROM and girth and
the NRS score evaluation were performed on admission day
and the second, fourth, and sixth POD. In the course of the
regular change of dressings during the medical rounds the
surgical area was exactly examined for potential cold-
induced local alterations. In this context, it was particularly
searched for signs of frostbite, nerve palsy, inhibited wound
healing, deep vein thrombosis and infection. In case of occur-
rence, the patients had also been told to immediately call

Fig. 1 a, b Pictures of the new cryotherapy device, operated by use of a
touch screen, which allows to start, pause, resume, and stop a cooling
session. The pad, which is connected to the server with flexible tubes
using anti-reflux design, is made of flexible polyurethane, latex free,
and hypoallergenic. Using hook and loop fasteners it is easy to wrap
around the knee ensuring maximum contact surface
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attention to eventual adverse effects related to the cold thera-
py, which they were preliminarily informed about.

IBM® SPSS® Statistics software version 20 was used in
order to perform the statistical analyses. In this regard descrip-
tive statistics were conducted using basic calculations of
means, standard deviations, medians, and minima and maxi-
ma. For the comparisons between the two study groups on
admission day, the second, fourth, and sixth POD we first
checked the data for normal distribution using Shapiro-Wilk
and Kolmogorov-Smirnov tests. In case of normal distribu-
tion, the independent-samples t-test as a parametric test was
performed. Otherwise, the Wilcoxon-Mann-Whitney test as
non-parametric test was performed in order to obtain values
of significance regarding between-group distinctions. An a
priori power analysis according to the relevant literature eval-
uating similar endpoints (range of motion with a clinical sig-
nificant difference greater than 5 degrees) revealed a group
size of n = 45 patients each to be sufficient [25]. All p-values
are regarded in an explorative sense. A p-value ≤0.05 was
considered to be significant (Table 1).

Results

Ninety-seven patients met the inclusion criteria, gave written
informed consent and were enrolled in the study. Baseline
demographic and clinical characteristics are illustrated in
Table 2. Eight of these patients were excluded from final sta-
tistical evaluation due to the following reasons: Two of these
eight revoked their informed consent before the study pro-
ceedings started; in two cases it was intra-operatively decided
to implant a constrained TKA; one patient received spinal
anaesthesia although discussed otherwise when informing

about the study’s requirements and proceedings; one patient
suffered from an allergic reaction on the scheduled day of
TKA surgery and was not able to adhere to the study protocol;
one patient was discharged, because the surgical intervention
was cancelled due to non-medical issues; and one final patient
did not observe the cryotherapeutical protocol and showed
incompliance in the first place. A flow chart of the inclusion
of patients is further illustrated in Fig. 2. The trial stopped after
the last follow-up of the last patient who was enrolled.

From these 97 patients, consisting of 53 females and 44
males, 46 were randomised into the cryotherapy (CT) group,
receiving the new cryotherapy device, and 51 patients were
randomised the standard treatment (ST) group, receiving con-
ventional cold packs. All implanted TKAs were manufactured
by the company Depuy®Synthes (Warsaw, IN), as we used 66
PFC® and 31 LCS® designs. There was no statistically sig-
nificant difference between the study groups regarding the
distribution of age, sex, pre-operative range of motion
(ROM), and the implanted prostheses (Table 3).

Regarding the measured knee girth, we observed no statis-
tically significant differences between both groups at any time
point on any of the three measured levels (mid-patellar, 7-cm
proximal to the patellar base, 7-cm distal to the apex patellae)
with p-values of 0.659, 0.645, and 0.482 on the sixth POD as
shown in Fig. 3.

Regarding the measured ROM we found high inter- and
intra-class correlations with a value greater than 0.8 for each
and we found that no knee joint revealed any significant exten-
sion lag. We found a statistically significant benefit of the new
cryotherapy device regarding the measured flexion as the inter-
vention group displayed greater ROM with 86 degrees ±7 SD,
whereas the standard group achieved only 80 degrees ±14 SD
(p = 0.021). The study groups featured approximately identical

Table 2 Baseline demographic
and clinical characteristics of both
groups

Characteristic Continuous cooling
(intervention group, n = 46)

Conventional cold packs
(control group, n = 51)

Significant
difference

Age 70.35 71.67 ns

Female/ male ratio 1.7 1.7 ns

Flexion,
pre-operative

114.86 114 ns

PFC/ LCS ratio 2.5 1.9 ns

NRS, pre-operative 5.39 5.33 ns

ns not significant

Table 1 The cTreatment® protocol, which was administered in 46 patients after primary total knee arthroplasty, was used pre-operatively and until the
sixth post-operative day (POD 6)

PreOD 1 TKA POD 1 POD 2 POD 3 POD 4 POD 5 POD 6

≥1 h pre-OP 6 h post-OP 2 h morning 2 h morning 2 h morning 2 h morning 2 h morning 2 h morning

2 h afternoon 2 h afternoon 2 h afternoon 2 h afternoon 2 h afternoon 2 h afternoon

4 h optional 4 h optional 4 h optional 4 h optional 4 h optional 4 h optional 4 h optional
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starting points on admission day, before the CT group showed
more improvement on the second PODwith 56 degrees ±11 SD
compared to the ST groupwith 51 degrees ±16 SD, respectively,
without statistical significance (p = 0.089) as shown in Fig. 4.

We observed a statistically significant pain reduction in the
NRS in motion on the second POD within the CT group
displaying 3.7 points ± 2.1, whereas the ST group showed

4.6 points ± 2.1 (p = 0.034). In addition, in the ST group
12.11 mg ± 7.97 hydromorphone was required versus only
10.23 mg ± 5.05 in the CT group, but this difference was not
statistically significant. The evaluated NRS score at rest did
not indicate any statistically significant differences between
the study groups throughout the trial. Values for NRS in mo-
tion are further illustrated in Fig. 5.

Fig. 2 Flow chart of inclusion of
patients in this prospective,
controlled trial evaluating one
group receiving the new
cryotherapy device protocol (CT)
versus a control group receiving
conventional cold packs
(standard)

Table 3 Outcomewith respect to range ofmotion, pain, girth, and length of hospitalisation of previous studies [4, 6, 25–28] using continuous cold flow
(intervention) versus cold packs or ice bags in arthroplasty

Study Level of
evidence

Number of
patients

Intervention device Range of
motiona

Painb Girthc Hospitalisation
lengthd

Demoulin et al. (2012) [4] RCT 66 Gaseous cryotherapy using
medical-grade liquid CO2

No Yes No NR

Su et al. (2012) [6] RCT 187 Cryopneumatic device
(intermittent compression)

No No No NR

Ruffilli et al. (2016) [25] RCT 50 Continuous cold flow device NR No No NR

Thienpont et al. (2014) [26] RCT 116 Continuous cold flow device No No No No

Bech et al. (2015) [27] RCT 71 Consistent cooling using motorised
icing device

No No No No

Schinsky et al. (2016) [28] RCT 97 Circulating ice water cryotherapy No No No NR

Own results (2017) RCT 97 Continuous cold flow device Yes Yes No No

RCT randomised controlled trial, NR not reported
a Range of motion significantly improved in intervention group (yes/no)
b Pain significantly decreased in intervention group (yes/no)
c Knee girth significantly decreased in intervention group (yes/no)
d Hospitalisation length significantly decreased in intervention group (yes/no)
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We recorded no adverse effects, such as frostbite, nerve
palsy, inhibited wound healing, deep vein thrombosis, or soft
tissue infection in neither the CT nor the ST group.

Discussion

The purpose of this prospective, randomised, single-blind,
comparative and controlled clinical study was to evaluate a
new cryotherapy device in comparison to the standard cooling
protocol, consisting of cold packs only in patients undergoing
primary and unilateral TKA.

Our study hypothesis was that patients receiving the new
cryotherapy device would benefit with respect to early post-
operative rehabilitation, mobilisation, analgesic consumption,
and knee girth and that the device represents a safe and effi-
cient option.

We found that both groups improved their ROM and had
less pain but the new cryotherapy device provided substantial
benefits in terms of post-operative remobilisation with respect
to ROM and pain, which might be attributed to a reduced
inflammatory response, as well as secretion and bleeding.

The new cryotherapy device appears to be a safe and efficient
procedure and might be of use for fast-track total joint
arthroplasty.

Benefits of improved range of motion (ROM) as outlined
in our investigation are in line with results from Kullenberg
et al. proving a cold-related benefit of 11 degrees at
three weeks post-operatively [8], and Morsi et al. who ob-
served a benefit six weeks after the surgical intervention [11].

With respect to the monitored parameter of pain evalu-
ated by use of NRS, a benefit for the CT group on the
second POD was observed, which is consistent with sys-
tematic reviews handling similar investigations [18, 19].
Morsi et al. found significant benefits in the visual ana-
logue scale (VAS) comparing cryotherapy to no cold ther-
apy at all on the second POD [11]. A distinctly significant
difference between the study groups had not been expected
within the first 72 h after the surgical intervention, because
of the possibility of individual pain modulation using the
PCA system. Based on the controllable administration of
hydromorphone, each patient was able to directly influence
the subjectively perceived pain, which was quantified with
the NRS score.

Fig. 3 Regarding the measured
knee girth, we observed no
statistically significant differences
between both groups (new
cryotherapy device [CT] versus
standard group [Stand]) at any
time point on any of the three
measured levels (mid-patellar, 7-
cm proximal of the patellar base,
7-cm distal of the apex patellae)
with p-values of 0.659, 0.645, and
0.482, respectively on the sixth
POD

1270 International Orthopaedics (SICOT) (2018) 42:1265–1273



Fig. 4 Measurements of flexion
after total knee arthroplasty
(TKA) in the course of the study
in the new cryotherapy device
(CT) group (n=46) versus the
standard (Stand) cold packs (ST)
group (n=51). Post-operatively,
the new cryotherapy device group
showed a slighter drop of flexion
extent on the second post-opera-
tive day (POD) and regained
flexion significantly faster and
more steadily than the standard
group on the sixth POD (86 ver-
sus 80 degrees, p=0.021)

Fig. 5 We observed a statistically
significant pain reduction in the
NRS in motion on the second
postoperative day (POD) within
the cryotherapy (CT) group
displaying 3.7 points ± 2.1,
whereas the standard (ST) group
showed 4.6 points ± 2.1
(p=0.034)
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In this context, the objectively measured pain by use of the
statistical analysis of the total PCA consumption after 72 h
showed no statistical difference between the study groups
(p = 0.409). This is in conformity with several other investi-
gations [8–10, 29]. The absent possibility to show statistical
significance might result from intensely varying data regard-
ing the individual hydromorphone consumption by use of the
PCA in patients assigned to both the new cryotherapy device
group (intervention) and the standard group.

Over the course of the assessments, the mean girth of the
knee joint strikingly increased after the TKA surgery in both
groups, as already described by previous study groups [12,
14]. This is probably attributable to the variable intra-
operative soft tissue trauma with consecutive secretion, bleed-
ing, and oedema as well as to individual post-operative reac-
tion. Generally, there were slight tendencies noticeably
favouring the new cryotherapy device, particularly with re-
spect to the fourth and sixth POD, but all of these results did
not reach statistical significance (p > 0.05). This is in line with
findings by Demoulin et al. and Su et al. [4, 6].

We could positively evaluate the safety of the new cryother-
apy device in our prospective study. Although some previous
studies reported on deep vein thrombosis [8] and further ad-
verse effects within the control group [9], there was no occur-
rence of any adverse event recorded throughout our clinical
trial. This is in conformity with the majority of the literature
research [7, 10, 11, 29] revealing no significant complications
after the use of cryotherapy. However, we want to record, that
some of the patients noted suffering from subjective discomfort
due to the cryotherapy, which was however not evaluated as a
complication. The subjectively experienced discomfort in our
patients might also be closely related to the high frequency of
the application sessions, which was at least twice a day, and
their single durations of at least two hours each.

Currently, there is still a standardised length of hospital stay
for patients having undergone TKA surgery. Based on the pres-
ent study’s statistical results of the knees’ ROM, which exhib-
ited significant benefits for the new cryotherapy device on the
sixth POD, and the not significantly diverging results
concerning the pain evaluated in NRS and hydromorphone, it
was preliminarily assumed that patients assigned to the new
cryotherapy device group (intervention group) could be
discharged sooner than patients in the standard group. This
could however not be confirmed by the conducted study. A
possible shortening of hospitalisation in patients treated with
the new cryotherapy device could be shown in the future as
two studies were already able to find a cryotherapy-related re-
duction of the length of hospitalisation to an extent of 1.4 days
on average in patients undergoing TKA [8] and THA surgery
[9], which was possibly due to an earlier start of independent
ambulation within the cryotherapy group of both studies [8, 9].
A summary of outcomes of the recent literature using continu-
ous cold flow cryotherapy is presented in Table 2.

We want to underline the following potential limita-
tions: First, the used protocols between the new cryother-
apy device and the standard cold pack treatment differed
significantly with respect to the applied time. We decided
not to change this because we wanted to compare these two
treatment options in their original setting. Next, we want to
outline the short follow-up period of our study. In addition,
we want to underline that our main endpoint was range of
motion, measured by goniometer with potential observer
bias. However, we could eliminate this using intra- and
inter-class observer correlations. Next, our study protocol
allowed the patients a self indicated use of the device.
However, this option was not chosen by any patient of this
investigation. Finally, the new device was used over the
postoperative dressing, which might have had an insulating
effect. However, the dressing was applied in a standardised
way in every single case and we used the same dressing in
all patients of both groups.

Conclusion

Computer-controlled cooling therapy provides significant
benefits in terms of early post-operative remobilisation with
respect to early range of motion (ROM), which might be at-
tributed to a reduced inflammatory response, as well as re-
duced secretion and bleeding. The new cryotherapy device
appears to be a safe and efficient procedure in clinical practice.
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