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Purpose: Cold therapy on the operated area after surgery is often used as an analgesic and
to reduce pain, swelling, and increase range of motion. However, evidence to support the
results of cold therapy is still scarce and the mechanism underlying its effectiveness remains
unclear. The present study aimed to investigate whether a pleasant sensation evoked by icing
the treated knee or a site distant from the treated site (the hand) influenced the acute effect on
pain intensity in patients who have undergone total knee arthroplasty (TKA).

Patients and methods: A total of 37 patients with knee OA who underwent TKA were
enrolled in this study. This prospective, randomized, cross-over study was performed for 2
days consecutively between days 8 and 15 postoperatively. Cold pack was placed on the
anterior surface of the treated knee and palm for 10 mins, respectively. The main primary
outcomes were the intensity of knee pain during maximal passive knee flexion.

Results: The two-way ANOVA showed significance only in the main effect of a pleasant
sensation (F = 11.3, p = 0.001), but not in the icing site (F = 0.005, p = 0.94) and interaction
(F =0.65, p=0.42).

Conclusion: This study shows that a pleasant sensation evoked by knee or hand icing
influenced the effect on pain intensity during maximal knee flexion in patients after TKA.
Even if knee icing has no effect on pain and evokes no pleasant sensation, it may be
worthwhile to conduct hand icing to reduce pain.

Keywords: total knee arthroplasty, Icing, pleasant sensation, descending pain inhibition
system

Introduction

Total knee arthroplasty (TKA) has played an important role in the management of
end-stage knee osteoarthritis (OA)." Range of motion (ROM) is one of the indica-
tors of successful TKA? and is directly related to function.> Knee joint kinematics
data have demonstrated that 110° of knee flexion is required to achieve rehabilita-
tion of the knee movement.> Therefore, early recovery of ROM is crucial after
TKA, and adequate analgesia during ROM exercises is necessary to achieve
this aim.

Cold therapy on the operated area after surgery is often used as an analgesic™’

6,8,9

and to reduce pain, swelling,” and increase ROM.'"!" The effectiveness of

analgesia induced by cold therapy, such as cryotherapy, ice pack, and ice massage,
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has been reported to reduce tissue temperature
nerve conduction velocity.'*'® However, evidence to sup-
port the results of cold therapy is still scarce'”'® and the
mechanism underlying its effectiveness remains unclear.

19:20 pictures,?!

Pleasant sensation such as music,
odors,* or hypnosis> have achieved a reduced response
to pain stimulation. The effects of such pleasant sensations
were partly mediated by activating the descending mod-

ulation pain pathway of the spinal cord*®**

and opioid
analgesia-related brain regions.” It is well known that
a pleasant sensation is evoked by cooling. The pleasant-
ness of cold stimuli on capsaicin-treated skin has been
associated with the activation of the prefrontal cortex
and periaqueductal gray matter that constitutes the des-
cending pain inhibition-related area.>® Cold application to
the unaffected skin on the contralateral side has been
reported to reduce pain induced by capsaicin in healthy
volunteers.””*® These findings might indicate that the
efficacy of cooling may be produced via the descending
pain inhibition system as well as cooling-mediated
decreased peripheral nociceptive input. However, these
studies were performed in healthy volunteers; therefore,
it is unclear whether the response to cooling may be
influenced by the existence of pleasant sensations in
patients after surgery. We hypothesized that cold applica-
tion to a site distant from the treated knee would be as
effective for pain reduction as cold application directly to
the treated knee and inducing a pleasant sensation would
influence the efficacy of pain reduction by icing. We
investigated whether a pleasant sensation evoked by
icing the treated knee or a site distant from the treated
site (the hand) influenced the acute effect on pain intensity
during maximal knee flexion in patients who have under-
gone TKA.

Materials and Methods

Participants

A total of 37 patients with knee OA who underwent TKA
were enrolled in a university hospital and a general hospi-
tal. For a two-treatment crossover design, we assumed an
alpha error of 0.05, a statistical power of 0.95, and
a treatment effect of 19.9 mm®’ on a 100-mm pain inten-
sity visual analog scale (VAS), with an estimated standard
deviation of 20 mm, a within-subject correlation of 0.50,
and a necessary sample size of n = 27. As this study was
conducted in a clinical setting with more experimental
noise than a laboratory setting, we assumed a lower effect

size and a need for more participants. Therefore, we
decided on n = 37 as the sample size.

The inclusion criteria were patients who underwent
primary TKA, >40 years of age, and exhibiting ambulation
before surgery. Exclusion criteria were revision TKA,
nonambulatory before surgery, presence of severe inflam-
mation, and evidence of deep vein thrombosis after
surgery.

This study was conducted in compliance with the
Declaration of Helsinki. This study followed the
CONSORT recommendations concerning
trial reporting. This trial is registered with UMIN
Clinical Trial Registry: UMIN000024596.

randomized

Surgical and Postoperative Procedures
TKA was conducted using a minimally invasive surgical
approach with a posterior-stabilized prosthesis. A midline
skin incision was made via a medial mini-midvastus
arthrotomy, and the patella was subluxated laterally but
not everted.

All patients received epidural anesthesia during
surgery and patient-controlled epidural analgesia for
48 h postoperatively. Postoperative rehabilitation included
strengthening and range of motion exercises and mobiliza-
tion with a high walker from day 1 postoperatively.
Postoperative analgesics were standardized for all patients.
Nonsteroidal anti-inflammatory drugs (Loxoprofen sodium)
were administered postoperatively twice a day for 4 weeks.
The patients were discharged or transferred from the hospital
after at least 3 weeks postoperatively. Continuous flow cold
compression therapy was provided to all participants using
the Icing System CE4000 (Nippon Sigmax Co., Ltd.) from
the day of surgery until day 2 postoperatively.

Knee icing was offered to subjects from day 3 to day 7
as usual care.

Intervention

This prospective, randomized, cross-over study was per-
formed for 2 days consecutively between days 8 and 15
postoperatively (Figure 1). This study began 8 days after
the operation on the basis of the fact that the effect of
inflammation was intense 1 week postoperatively, and the
effect of icing could not be adequately evaluated. The
order of treatments was randomized using block randomi-
zation. The patients were made to rest in the supine posi-
tion with pillows under their head and knees during both
treatments. Icing was conducted using an aqua gel cold
pack (Hisamitsu Pharmaceutical Co., Inc. Tokyo, Japan).
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Figure | Trial profile.

The cold pack was covered with a cloth to protect the skin
from potential thermal damage and placed on the anterior
surface of the treated knee or palm on separate days,
respectively. The cold pack temperature before treatment
was 1-1.5°C. Patients were instructed to apply the cold
pack for 10 min.

Outcome Measures

All assessments were performed by physical therapists
with an average of 7 years of working experience. The
primary outcomes were the intensity of knee pain during
maximal passive knee flexion that was measured by the
physical therapist. The outcome assessor was blind to the
intervention assignment. The angle of passive knee flexion
was measured using a universal goniometer. Patients were
asked about the pain intensity after maintaining maximal
knee flexion for 10 s. Pain intensity was measured using
VAS, ranging from 0 mm (no pain) to 100 mm (worst
pain). Pain intensity was assessed before and after icing.
The angle of maximal passive knee flexion after icing was
set to the same angle before icing by the same physiothera-
pist. This method, in which the physiotherapist measured
passive knee flexion using a universal goniometer, has
high intra-tester and intra-day reliability.’® Change in
score induced by icing was calculated by subtracting
pain intensity measured before icing from that measured
after icing. Immediately after each icing, the patients were

asked, “Did you feel a pleasant sensation during icing?”
and they were classified into two groups based on whether
they did or did not experience a pleasant sensation evoked
by icing.

Statistical Analysis

All statistical analyses were performed using the Statistical
Package for Social Sciences Version 22 (IBM SPSS
Statistics for Windows, Version 22.0; IBM Corp.,
Armonk, NY, USA). Data distribution was tested for
homoscedasticity using the Levene’s test. The differences
in knee pain intensity measured before knee and hand
icing, after knee and hand icing, and before and after
treatment for knee and hand icing were assessed using
paired t-tests, respectively. Moreover, the differences in
pain intensity score change between knee and hand icing
were assessed using paired t-tests. A two-way factorial
analysis of variance (ANOVA) was used to evaluate the
effect on the icing site (knee, hand) and effect of the
sensation (pleasant, no pleasant) in pain intensity score
change. The sphericity assumption was analyzed using
Mendoza’s multi-sample sphericity test. Value of p <0.05
was considered statistically significant. Effect size of the
icing site, sensation, and interaction were calculated on the
basis of n? (a large effect was defined as >0.14, a moderate
effect between 0.06 and 0.14, and a small effect <0.06).

Results
Table 1 summarizes the patients’ characteristics. A pleasant
sensation was evoked in 24 patients (64.8%) during knee
icing and in 26 (70.2%) during hand icing. Eleven patients
(29.7%) felt a pleasant sensation during knee icing but no
pleasant sensation during hand icing, 13 (35.1%) felt
a pleasant sensation during hand icing but no pleasant sensa-
tion during knee icing, and 13 (35.1%) felt a pleasant sensa-
tion during both knee and hand icing.

No significant difference was found between pain inten-
sity measured before knee icing (61.3 + 17.8 mm) and hand

Table | Demographic and Clinical Information

Characteristics Mean (SD) or N (%)

Gender (female) 32 (86.4%)
75.3 (5.9)
24 (64.8%)
26 (70.2%)
102.4 (13.1)

105.0 (12.4)

Age (years)

Pleasant sensation during knee (number)
Pleasant sensation during hand (number)
ROM before knee icing (degree)

ROM before hand icing (degree)
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Table 2 Pain Intensity Before and After Knee and Hand Icing,
and Change Score in Knee and Hand Icing

Knee Hand Mean Difference p value
(95% CI)
Before icing | 61.3+x17.8 | 63.7x16.1 | —2.4 (—6.6 to 1.7) 0.25
After icing 46.4£19.8 | 4891246 | —25(-11.3t0 6.2) | 0.55
Change -14.9 -14.7 —0.16 (-9.3 t0 9.0) | 0.97
score +21.7 +22.4

icing (63.7 = 16.1 mm; difference, —2.4; 95% confidence
interval [CI], —6.6-1.7; p = 0.25) and between that mea-
sured after knee icing (46.4 + 19.8 mm) and hand icing
(48.9 + 24.6 mm; difference, —2.5; 95% CI, —11.3-6.2; p =
0.55; Table 2). The pain intensity reduced from 61.3 +
17.8 mm before knee icing to 46.4 + 19.8 mm after knee
icing (difference, 14.9; 95% CI, 7.6-22.2; p = 0.0002) and
from 63.7 £ 16.1 mm before hand icing to 48.9 + 24.6 mm
after hand icing (difference, 14.7; 95% CI, 7.1-22.3; P =
0.0003, Figure 2). There was no significant difference in
pain intensity score change between knee icing (—14.9 +
21.7 mm) and hand icing (—-14.7 + 22.4 mm; difference,
—0.16; 95% CI, —9.3-9.0; p = 0.97; Table 2). The two-way
ANOVA showed significance only in the main effect of
a pleasant sensation (F = 11.3, p = 0.001, 1> = 0.14) but
not in the icing site (F = 0.005, p = 0.94, n> = 0.001) and
interaction (F = 0.65, p = 0.42, n* = 0.01, Figure 3).
Mendoza’s multi-sample sphericity test revealed that the
sphericity assumption was satisfied.

100
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10 A

Pain intensity (VAS)

After
Knee

Before After
Hand

*p<0.05

Before

Figure 2 Comparison of the differences between before and after treatment in
knee or hand icing.
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Figure 3 Comparisons of the differences in the change score of pain intensity on the
icing site between pleasant versus no pleasant sensation.

Notes: The two-way analysis of variance showed significance only in the main effect of
a pleasant sensation (p=0.001), but not the icing site (p=0.94) and interaction (p=0.42).

Discussion

Our findings showed that both knee and hand icing had an
effect on pain intensity during maximal knee flexion, and
the effect of icing was influenced by the existence of
a pleasant sensation and not the icing site. This was
a randomized cross-over study in which the patients
received knee or hand icing on two consecutive days.
The sequence of testing was randomized to control for
an order effect. Moreover, there was no difference in
pain intensity before knee and hand icing. This result
suggested that there was no carry-over effect.

The present study result that knee or hand icing had an
acute effect on pain intensity during maximal knee flexion is
inconsistent with the results of a previous report stating that
knee or elbow joint icing for 30 min after TKA had no acute
effect on knee extension strength or knee pain.>' We evaluated
pain intensity during maximal knee flexion, but Holm et al*'
evaluated pain intensity during knee extension strength and
knee pain, and our mean pain intensity score before treatment
was higher than that reported by Holm et al’' Patients with
higher pain intensity score may react more easily to treatment
than those with lower pain intensity. Moreover, Holm et al*'
suggested that the reason why knee icing had no effect on knee
pain was insufficient cooling. In the present study, the cold
pack temperature before treatment was 1-1.5°C, and this tem-
perature may have been enough to cool the skin.

A surprising result in our study was the finding of
a similar effect in knee and hand icing. Several studies
have stated that the effects of cold application were pro-
duced by a change in the peripheral tissue, such as
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decreased tissue temperature sensory fiber
conduction."* ' However, these reasons cannot only
explain that hand icing reduced pain intensity. A possible
reason is that hand icing activated the descending pain
inhibition system and, as a result, pain during maximal
knee flexion may be reduced. Diffuse noxious inhibitory
controls (DNIC), which constitute one of the main des-
cending pain inhibition systems, are supraspinal mechan-
isms that control pain via the subnucleus reticularis,*
which suppresses spinal neuron activity and reduces pain
by nociceptive stimulation. Noxious cold application to the
arm has been reported to reduce response to nociceptive
stimulation in the leg.>*~** However, our result showed that
a pleasant sensation led to a higher reduction in pain than
no pleasant sensation, in which case DNIC might not
influence the efficacy of icing. Therefore, we hypothesized
that a pleasant sensation due to icing may be as effective
as other sensations, such as music,'**° pictures,21 odors.??
Mohr et al*® reported that cold stimuli to capsaicin-treated
skin evoked a pleasant sensation and the sensation was
correlated with activation of the descending pain inhibition
system-related cortical areas, but the untreated skin eli-
cited an unpleasant perception. This inconsistence in
response to icing conducted to a distant site may result
from a difference in experimental setting (laboratory ver-
sus clinical setting).

This study began 8 days postoperatively. Icing immedi-
ately after surgical intervention could be an effective strategy.
However, peak levels of serum C-reactive protein (an inflam-
matory marker), are usually observed on day 2 or 3 post-
operatively, and these levels rapidly decline over the rest of
the first week postoperatively.®>*° In our view, a stable per-
ipheral condition of the patient can be considered the most
appropriate period to perform this study to avoid the risk of
introduction of bias during periods of intense inflammation.

Our data suggested a new clinical implication. In
approximately one-third of the patients, it is likely that
cold application to the hand resulted in more reduced pain
than that to the knee. Several studies have reported that
cold application to the knee was not effective in pain
reduction.'”*”*® Even if knee icing has no effect on pain
and evokes no pleasant sensation, it might be worthwhile
to conduct hand icing to reduce pain during maximal knee
flexion after TKA.

The current study has some limitations. First, there might
be potential bias because neither the patients nor the out-
come assessors could be blinded due to the nature of the
intervention. Second, this study did not include assessment

of skin temperature and nerve conduction velocity (NCV) in
the sensory nerves. Reduction in sensory NCV was asso-
ciated with an increase in the threshold and tolerance of pain
after cooling.'* Therefore, we cannot conclude that the
efficacy of knee icing was produced by reduction in NCV
or activation of a pleasant sensation via the descending pain
inhibition system. Third, our findings may not be general-
izable to patients after revision TKA, or those with severe
inflammation and other cooling methods, such as continuous
cryotherapy and ice massage. Fourth, the other pleasant
sensations, such as music and pictures, were not evaluated
in this study. Therefore, it is unclear whether a pleasant
sensation evoked by icing has a specific effect on pain
intensity. It is possible that the pleasant sensations evoked
by other modalities are as effective as cold application for
pain intensity after TKA. Fifth, the patients were stratified
on the basis of the “pleasant” sensation of icing. This is
a subjective measure because the magnitude of the “plea-
sant” response cannot be quantified.

Conclusion

This study shows that a pleasant sensation evoked by knee
or hand icing influenced the effect on pain intensity during
maximal knee flexion in patients after TKA. Hand icing
may be an optional treatment for patients after under-
going TKA.
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