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Abstract

Background: Recently, cryotherapy has become a common practice for postoperative pain management. The
current accepted practice in Japan is the use of cryotherapy at 5 °C after arthroscopic shoulder surgery. However,
this therapy has been reported to be highly intense because the sustained low temperature causes discomfort for
patients. The optimum temperature and duration of cooling required for comfortable and effective cryotherapy after
arthroscopic shoulder surgery were investigated.

Methods: Because pain levels might differ depending on the condition, we selected 52 patients with rotator cuff
injuries, which were the most common disorders indicated for arthroscopic shoulder surgery. Patients were treated
with cryotherapy at 5 °C or 10 °C for 16 h or 24 h. The pain level was determined using the visual analogue scale, and
deep shoulder joint temperatures were recorded at different time points for analysis.

Results: Pain after arthroscopic shoulder surgery was found to be related to the presence of a brachial plexus block
using the interscalene approach during surgical anesthesia. To obtain effective analgesia with cryotherapy, the cool-
ing temperature and duration of cryotherapy had to be changed based on the presence or absence of the brachial
plexus block. Patients who received brachial plexus blocks had the lowest recorded pain scores after receiving
cryotherapy at 5 °C for 24 h after surgery. Patients who did not receive the block had the lowest recorded pain scores
when receiving cryotherapy at either 5 °C for 16 h or 10 °C for 24 h.

Conclusions: Using universal cryotherapy intensity and duration settings regardless of the use of other interventions
is likely to unintentionally increase postoperative pain levels. This study revealed that cryotherapy at 5 °C for 24 h was
optimal for patients who received an anesthesia block and at 5 °C for 16 h or at 10 °C for 24 h for those who did not

cryotherapy after arthroscopic shoulder surgery.

Duration of cooling

receive the anesthesia block. These results can be used as a reference for setting the temperature and duration of
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Background

Cryotherapy has been popular in the field of sports medi-
cine since the 1950s, and research of its methodology and
effectiveness in clinical practice has been conducted since
the 1980s. Initially, intermittent cooling was performed
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using an ice bag, but sustained cooling at a constant tem-
perature was considered more effective. Even though the
equipment for icing systems was introduced in the late
1990s, the effective cooling temperature and duration
remain unclear.

The recovery period after arthroscopic shoulder sur-
gery invariably involves a certain degree of pain for
patients [1-4]. Postoperative pain experienced by
patients who have undergone arthroscopic shoulder sur-
gery was found to be related to the presence of a brachial
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plexus block using the interscapular approach (anesthesia
block) during surgical anesthesia [5—17]. Postoperative
recovery varies greatly for each person and is also related
to the use of pain reduction techniques, prompt initiation
of rehabilitation, promotion of blood circulation, preven-
tion of muscle contracture, and restoration of the range
of motion in the shoulder joint [3, 18-26].

Cryotherapy is the cornerstone of postoperative man-
agement [23, 27-29] and is used to reduce the tempera-
ture of the affected area, mainly the skin surface, and
decrease cell metabolism and blood flow, thereby reduc-
ing swelling, pain, muscle spasms, and inflammation.
However, cryotherapy also involves the risk of circula-
tory disturbance caused by “overcooling” and potential
adverse effects such as suppression of wound healing
attributable to the low temperature [23, 30, 31]. There-
fore, the specifics regarding the optimal application of
cryotherapy as a postoperative technique for pain reduc-
tion are critical to providing the greatest benefits and
least burden to patients.

Because of the short history of cryotherapy use after
arthroscopic shoulder surgery in Japan (<30 years),
according to the Japan Shoulder Society, each medical
institution using cryotherapy provides different intensi-
ties and durations of cooling. The physiological effects
of cryotherapy were studied by Knight et al. [30], and
there is a large body of the literature about cryotherapy
[23, 28, 29, 31]. However, there is insufficient knowledge
of its effects on inflammation, relevant methodologi-
cal approaches, indications, and duration of use [23, 30].
Therefore, to allow for comfortable, effective, and effi-
cient cryotherapy after arthroscopic shoulder surgery,
we investigated the optimal cooling temperatures and
durations.

Methods

Cryotherapy was performed as part of postoperative
management between March 30, 2017, and November
15, 2018, for patients of 16 years or older who under-
went arthroscopic shoulder surgery. This was a prospec-
tive study. At the beginning of the study, we considered
investigating all cases of arthroscopic shoulder surgery at
our hospital (approximately 60 surgical cases per year).
Because the cooling temperature and duration of cool-
ing considered most effective for cryotherapy have not
yet been clarified, the patients were randomly divided
into the following four groups: 5 °C for 24 h; 5 °C for 16 h;
10 °C for 24 h; and 10 °C for 16 h. Due to the shortage
of measuring equipment, we were able to collect the data
of only one patient at a time. Patients were randomly
divided into four groups based on several conditions.
If the patient underwent surgery during the morning,
then the temperature was set at 5 °C for 24 h. When
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the number of patients reached approximately 15, the
temperature was shifted to 10 °C for 24 h. If the patient
underwent surgery during the afternoon, then the tem-
perature was set at 5 °C for 16 h. When the number of
patients reached approximately 15, the temperature was
shifted to 10 °C for 16 h. The duration was chosen so that
cooling would not limit the patient’s activities the next
day or affect early ambulation. At the beginning of this
study, there were 66 patients. However, complete infor-
mation was only available for 64 patients: 52 had rotator
cuff injuries, nine had repetitive shoulder dislocations,
and three had other conditions.

Because pain might differ based on the condition, we
focused on the 52 patients with rotator cuff injuries,
which were the most common disorders in this study. All
cases of rotator cuff injuries were included in the study.
The cause of injury, such as work-related injuries, car
accidents, reoperations, or complications of underlying
diseases such as diabetes mellitus were not considered.
In this study, there were no cases of reoperation, diabe-
tes, or other underlying complications. Therefore, there
were no exclusion criteria for patient selection. After
this adjustment, the included patients were 42 years or
older. Fifteen patients were subjected to 5 °C for 24 h, 13
patients to 5 °C for 16 h, nine patients to 10 °C for 24 h,
and 15 patients to 10 °C for 16 h.

Whether a brachial plexus block using the intersca-
lene approach (anesthesia block) comprising ropivacaine
hydrochloride hydrate was performed depended on the
anesthesiologist on duty at the time of surgery. If an anes-
thesia block was used, then it was followed by inhala-
tion anesthesia with sevoflurane. If no anesthesia block
was used, then sevoflurane inhalation anesthesia was
administered.

Cryotherapy provided effective and accessible pain
relief for patients who underwent arthroscopic shoulder
surgery [23, 29-31] and has been an accepted practice
in Japan. Therefore, this study was conducted under the
assumption that cooling therapy is effective. The goal
was to determine the optimal temperature and duration
of cryotherapy. Because of the number of patients who
undergo surgery annually, it was necessary to prioritize
data collection. Therefore, to ensure that patients who
did not require cooling therapy were not subjected to it,
no control group was included in this study.

The lowest temperature that could be set on the cool-
ing system in the orthopedic surgery ward was 4 °C.
However, 5 °C was chosen for the cooling temperature
because temperatures below 5 °C can lead to nerve dam-
age [30]. Additionally, a previous study reported that 5 °C
was more effective than cold water (approximately 13 °C)
[32]. Therefore, we conducted this study using the con-
ventional temperatures (5 °C and 10 °C), which are colder
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than that of the water used for alternative cryotherapy
methods.

Cryotherapy was performed immediately after return-
ing to the room in the postoperative ward. The Icing sys-
tem CF-4000 was used after covering the affected area
with a cooling pad and immobilizing it so that it would
not be compressed, could be observed, and could be
removed as needed. To ensure consistency, fixing of the
cooling pad was performed for all patients by the same
nurse (the principal investigator of this study), and place-
ment of the deep temperature probe and fixing of the
gauze was performed for all patients by the same physi-
cian who performed the surgery (one of the co-authors of
this study).

The following outcomes were measured and compared:
body temperature; deep shoulder joint temperature;
objective pain as indicated by the pain level based on the
PAINVISION PS-2100 instrument used in clinical prac-
tice in Japan; subjective pain as indicated by the visual
analogue scale (VAS) score; and C-reactive protein (CRP)
level. To determine the deep shoulder joint temperature,
the Coretemp CM-210 probe was placed at one location
in the acromioclavicular joint region on the affected side
by the surgeon at the end of surgery. The healthy side was
measured by the nurse and surgeon upon return to the
room in the postoperative ward. The temperature-sen-
sitive part of the probe tip, which is bonded to the skin,
would generate high heat and cause a burn if the Core-
temp was maintained on; therefore, the temperature
was read by turning it on at the measurement time and
turning it off at the end of the measurement. The deep
shoulder joint temperatures were measured immediately
after the patient returned to the room in the postopera-
tive ward and at 2, 6, 12, 16, 18, and 24 h postoperatively.
The recorded pain level was determined using the aver-
age of two measurements obtained with the PAINVI-
SION PS-2100 quantitative pain analysis device. The pain
level and VAS score were recorded immediately, 2 h later,
and every 6 h until 48 h after returning to the room in the
postoperative ward. The CRP level was measured during
the immediate postoperative period and 1, 4, and 7 days
after surgery.

Data analysis was performed using IBM SPSS Statis-
tics version 25. The nonparametric Wilcoxon rank sum
test was performed to compare the pain level. Student’s
t test was performed for all other comparisons. Pear-
son’s correlation analysis was also performed to evaluate
relationships.

Results

The mean age of the patients included in this study was
62.9 years (£9.2 years), and 41 patients (78.8%) were
men and 11 (21.2%) were women. The mean operative
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time was 131.6 min (£38.4 min). Seven patients
(13.5%) underwent surgery for one tendon, 34 patients
(65.4%) underwent surgery for two tendons, and 11
patients (21.2%) underwent surgery for three tendons.
Twenty-eight patients (53.8%) underwent tenotomy.
Table 1 shows the background characteristics of the
patients in all four groups.

Regarding the administration of analgesics for post-
operative pain relief, 37 patients (71.2%) received
intravenous patient-controlled analgesia (IV-PCA)
comprising fentanyl citrate or remifentanil hydro-
chloride (Table 1) immediately after surgery. Patients
were instructed not to tolerate pain. When pain per-
sisted, upon the patient’s wishes, nurses administered
analgesics using the following medications: flurbipro-
fen axetil 50 mg; acelio bag for intravenous injection
1000 mg; pentazocine injection 15 mg and hydroxyzine
hydrochloride 25 mg; or diclofenac sodium 25 mg.
These analgesics were administered in the aforemen-
tioned order. After administration, the reactions of the
patients were monitored, and the effect of the analgesic
was assessed by asking the patients to rate their pain.
When the patients had received analgesics five or six
times, they were asked if they wanted a suppository
(diclofenac sodium 25 mg). The analgesics were used
zero to six times per patient, with a mean frequency
of 1.5 times (+1.5 times) (Fig. 1). Seventeen patients
(32.7%) refused analgesic use.

The body temperature and deep shoulder joint tem-
perature on the affected side are shown in Fig. 2. Body
temperatures at both 5 °C and 10 °C indicated no marked
fever and no significant differences in the cooling dura-
tion. The deep shoulder joint temperature on the healthy
side remained 34 °C to 35 °C with cooling temperatures
of 5 °C and 10 °C. However, the temperature on the
affected side increased to approximately 35.5 °C despite
cooling at both 5 °C and 10 °C. During cooling at the dif-
ferent measurement times, the temperature remained in
the range of 28 °C to 33 °C; no significant difference was
observed between the two cooling durations.

Since the anesthesia block is considered highly effec-
tive for alleviating postoperative pain in affected shoulder
joints, the results were compared after first classifying
patients according to the presence or absence of an anes-
thesia block. At 5 °C, 13 patients received an anesthesia
block and 15 did not. In terms of the relationship between
the use of an anesthesia block and pain, there was a sig-
nificant difference in VAS scores immediately and up to
2 h after returning to the room (p=0.001 and p=0.0002,
respectively). There were significant differences in the
pain level immediately, 2 h, and 6 h after returning to the
room (p=0.002, p =0.004, and p =0.0002), and at 24, 30,
and 48 h after returning to the room (p=0.007, p =0.006,
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0 1 2 3 4 5 6

Times
n=>52
Fig. 1 Frequency of analgesic administration for 52 patients. The
y-axis represents the number of hours after surgery. The x-axis
represents the number of administrations
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and p=0.045). The pain level was significantly lower
(p <0.05) with anesthesia blocks (Fig. 3).

At 10 °C, 15 patients received an anesthesia block and
nine did not. Significant differences in the relationship
between pain and the use of an anesthesia block were
observed only for objective pain up to 2 h after return-
ing to the room and for subjective pain immediately after
returning to the room (p=0.0001 and p=0.002, respec-
tively). The presence or absence of the use of an anesthe-
sia block was associated with the relief of postoperative
pain in the affected shoulder joint. Tables 2 and 3 show
the subjective and objective pain with and without the use
of an anesthesia block. The figures in bold indicate where
the significant differences occurred in Table 2 to Table 5.

c o
38.5 - 38.5
T 71 1 | j T R
34.5 —————————— | 345 — T —T—T—— T
0 2 6 12 16 18 24 0 2 6 12 16 18 24
Measurement time (h after returning to room) Measurement time (h after returning to room)
5°C Body temperature 10°C Body temperature
n=28 n=24
eC DC *%
39.0 39.0 —
37.0 37.0 T a
T &
35.0 T - | 'I' Q ? 35.0 I ]-_ H I:I
33.0 T T ] ﬁ m I‘I'I 33.0 -[ T T T | =
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31.0 = i ] - [T 31.0 =
29.o-ﬂ 5 EI ]l- 1 I 29.0-E g If 1 I
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0 2 6 12 16 18 24 0 2 6 12 16 18 24
Measurement time (h after returning to room) Measurement time (h after returning to room) D 16h
5°C Affected shoulder temperature 10°C Affected shoulder temperature
n=28 n=24
Fig. 2 Comparison of body temperatures and affected shoulder temperatures with different durations of cooling temperatures of 5 °C and 10 °C.
Significant at **p <0.01
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10 °C. Significant at *p <0.05, **p < 0.01, and ***p <0.001

Fig. 3 Differences in pain levels and visual analogue scale (VAS) scores with and without anesthesia blocks with cooling temperatures of 5 °C and

Painat 5 °C

The pain level with an anesthesia block was not sig-
nificantly different between groups at all measurement
times. The pain level of the 16-h group was significantly
higher at 30 h and 36 h (p =0.043 and p =0.034, respec-
tively) after returning to the room according to the com-
parisons of the VAS scores at different times.

A significant difference in the pain level of the 16-h
group was observed between patients with and without
anesthesia block at 42 h and 48 h after returning to the
room (p=0.007 and p=0.045, respectively). In other
words, in the 16-h group, the lowest pain levels were
recorded at 42 h and 48 h. Additionally, the 16-h group
had significantly lower VAS scores at 42 h after returning
to the room than the 24-h group (p =0.023).

Painat 10 °C

No significant difference in the pain level at all measure-
ment times was observed for patients with or without
an anesthesia block. There was no significant difference
in VAS scores between groups at all measurement times
with or without an anesthesia block.

The results of the correlation between the pain level
and VAS score are shown in Tables 4 and 5. A positive
correlation was found for all but one site with an anes-
thesia block at 5 °C, for all but four sites without an
anesthesia block at 5 °C, and for all but one site with an
anesthesia block at 10 °C, indicating that the pain levels
and VAS scores were similar.

After 48 h, the retrospective VAS score was obtained
by asking the 24-h group to evaluate their pain level dur-
ing the first 24 h and asking the 16-h group to evaluate
their pain level during the first 18 h. Then, the average
value was calculated. The same was performed for the
VAS scores that had been measured previously. The ret-
rospective VAS score and the measured VAS score were
compared (Table 6). There was a significant difference
in the retrospective VAS scores of patients in the 24-h
group with blocks and without blocks subjected to cool-
ing at 5 °C. Additionally, according to the retrospective
VAS scores, patients without blocks experienced stronger
pain (7.1 4+ 1.5) than those with blocks (4.6 +2.9).

The CRP level at 5 °C was highest in the 24-h group
(2.56 +1.91 mg/dL on postoperative day 1) and in the
16-h group (1.84 & 1.18 mg/dL on postoperative day 4).
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Table 2 Comparison of the groups based on time, the presence of an anesthesia block, and pain levels with cooling temperatures of
5°Cand 10°C

5°C

Measurement time
(h after returning to

24-h group 16-h group p 24-h group 16-h group p

room) With blocks n=6 With blocks n=7 Without blocks n=9 Without blocks n=6

Median Min Max Median Min Max Median Min Max Median Min Max
0 0 0 2320 0 0 225 0772 711 0 2465 578 0 7976 0651
2 0 0 1332 0 0 198 0871 1175 0 10156 245 33 1940 0245
6 23 0 506 15 0 1775 1.000 8022 198 15788 642 95 35771 0.289
12 1M1 0 4032 365 0 7550 0647 2248 174 5130 253 2.5 5095  0.071
18 45.1 0 1417 88 0 2571 0943 1311 0 9293 235 30 5655  0.099
24 55.1 0 732 107 0 3930 0943 100.7 473 8430 887 286 3274 0637
30 11.9 0 512 318 110 7027 0109 886 508 2679 319 27.7 2464  0.205
36 60.0 0 1049 6.8 0 11368 0507 962 0 3688 743 102 2095 0372
42 18.0 44 1740 224 0 2618 1.000 1270 744 4706 163 0 1214 0.007™
48 124 0 39.7 190 0 3200 0664 100.7 259 2477 274 0 845  0.045"
10°C
Measurement time 24-h group 16-h group p 24-h group 16-h group p
(h after returning to
room) With blocks n=5 With blocks n=10 Without blocksn=4  Without blocks n=5

Median Min Max Median Min Max Median Min Max Median Min Max
0 0 0 00 0 0 00 1.000 100.7 813 1152 180 0 1514 0.140
2 0 0 693 0 0 109 0535 219 100 2086 124 0 1088.7 0.806
6 0.0 0 279 5.1 0 7063 0.161 264 1.7 2064 9.8 0 1938 0461
12 233 0 793 479 0 2243 0230 812 331 1293 344 0 660 0.355
18 22.2 0 1612 593 233 2333 0257 374 54 1503 268 0 120.7 0327
24 60.0 53 2672 335 119 2034 0462 356 186 2483 5.0 0 3075 0327
30 46.7 128 688 536 8.1 8308 0.570 11.6 16 2007 212 0 1386 0.806
36 443 153 1330 358 0.0 4343 0758 246 53 4343 215 0 933 0564
42 66.7 66 3667 402 27 10237 0548 231 42 1774 4438 0 1555 0.806
48 27.3 6.4 101.7 161 4.0 658 0386 84 1.0 2422 263 0 664 1.000

Significant at *p <0.05 and **p <0.01

A comparison based on the cooling time showed that
the CRP level was significantly higher in the 24-h group
(p=0.015) only on the postoperative day 1. Similarly,
the CRP level at 10 °C was highest in the 24-h group on
postoperative day 1 (1.37 £0.92 mg/dL) and in the 16-h
group on postoperative day 4 (1.46 +1.07 mg/dL); how-
ever, there was no significant difference between groups
(Fig. 4). Inflammation usually decreases over time after
surgery. Blood samples for CRP measurements on post-
operative day 1 were obtained at 18 h after surgery for
the 24-h group and at 13 to 14 h after surgery for the
16-h group. However, even though blood collection was
performed 18 h postoperatively, the CRP level on the
postoperative day 1 showed a stronger inflammatory
response in the 24-h group. Therefore, the CRP levels
were compared according to the operative times, the

number of tendons that underwent surgery, and ten-
otomy, which are related to the inflammatory response.
The results showed that the CRP level was significantly
higher in the 24-h group (p <0.05), which had a longer
operative time, more tendons that underwent surgery,
and a higher rate of tenotomy.

No adverse events, such as temperature allergy, frostbite,
discomfort from cooling, prolonged healing of surgical
wounds, or sensory disturbance, were observed during cry-
otherapy in this study. Therefore, discontinuation of cool-
ing therapy because of adverse events was not required.

Discussion

Shoulder rotator cuff injuries, which are more common
in men older than 40 years of age and have a peak age of
onset of approximately 60 years, are the primary reasons



Page 8 of 13

(2022) 17:553

Uchida et al. Journal of Orthopaedic Surgery and Research

50°0>dy 12 JURdYIUBIS

L 100 ¥86'0 ECFIC gLFLC 4 €690 050 6'1F0€ 6'1FEC 1514

L 9000 5660 8CFSTC L'CFSTC 4! 000 9690 0eFLE 6LFLE a4

9 c0c0— 980 V¢Fe gLFGC Ll LS50 6,50 8CFILY 0OeFCe 9t

L 0€00 /610 8CFVC L'CFV¥e 0l oL 6210 6CFLY 91F9¢ 0¢

L 1/90— ¥¢50 9CFIC ILFLE €l SY0 6590 SCFCY {CF9¢ 174

L Lol — ie0 ECFIC 6CF8E €l SlLel LLC0o ECFYY YCFLC 3l

v 8vC0— 9180 0eF6TC ULFGE L €000~ L66'0 CCF6E YF6€e 4

S66'S 1c00— 7860 (vFCe 0CcFce 4 9900 — 8760 VeFol 6¢F0¢ 9

L lce0— JASYAV) EFLC SCFSE €l ¢SL0— S9%°0 ¥'1LF¥0 LCFCL [4

L 6000 860 9YF0S vEFO6Y 0F0 0F0 0
wopsay S=USYO|qINOYUM  =U $HI0|q INOYUM OL=USYOIqUUM  S§=U SH0[q yIMm

J0 wopaaly (woou 03 Buiuinial 1vye

saaibag 1 d dnoib y-91 dnoib y-yz  jo seaibag 1 d dnoib y-91 dnoub y-y¢ ) Swi3 JuswdInsea|y

J,0L

el €e0'L Lceo 9CF8E VIFLC Ll L6SL orlLo 9CFVC 80F90 1514

€l 85'C— LEC0'0 LLFLT L'LFO0S vy 856'L 6300 6CFSE 60FCL [44

0l GE90— [04°00) VIFEE 6'LF6€E 5909 8l/L¢C reoo LEFLY C0F€0 9¢

¢l 6880— 6€0 LLFYE L'CFry (Y09 955 LEVO'0 LTF6E 60F60 0¢

el 1951 — Lo CLFEE SCFLS Ll el 900 CEFBE 6'1F8L ¢

€L Sp/0— 7160 gLFOY SEFCY Ll G560 09¢€0 8EF LY geFee 8l

cl Sl= 6510 V1IFSE VF s 6 LZCL GECO SEFILY gLF6L cl

€l LLS0— 8190 [ a4 6CFo6E /8€9 JA4N! 60 6CF8L S0F90 9

L 89¢0— 6120 0CFLY 0EFES Ll 06¥0— €€90 0LF£0 9CFEL 14

4 1680 06€0 6€F8S VeF LY Ll 790 €€S0 8LF80 90F€0 0
wopaay 9=USHPO|qINOYUM  6=U S10]q INOYUM L=USPOIqUUM  9=USY0|q YUM

Jo wopaaiy (woo. 03 Buiuinial 1ayye

saalbag b] d dnoib y-91 dnoib y-yz  jo seaibaqg b d dnoib y-91 dnoub Y-y ) Wi} JUSWIAINSEIA

2 S

Do 01 PUB D, G JO SaINIeIadWI] BUI|00D PUe ‘S3I0DS SYA HD0|] BISDYISaUe Ue JO 9DU3saId ay3 ‘Dwll uo paseq sdnoib jo uosuedwo) € ajger



Uchida et al. Journal of Orthopaedic Surgery and Research

(2022) 17:553

Page 9 of 13

Table 4 Correlations between pain levels and VAS scores with an anesthesia block at a cooling temperature of 5 °C

Painlevel  with blocksn=13

Measurement time (h 0 2 6
after returning to room)

VAS 0 0.306
2 0.766"
6 0.882""
12
18
24
30
36
42
48

0.588

0.731™
0322
0.412
0.209
0.502
0.608"

Painlevel  without blocks n=15

Measurement time (h 0 2 6
after returning to room)

VAS 0 0.443

2 0.500

6 0.298
12

18

24

30

36

42

48

0.659"

0.573"
0.153
0.296
0.698"
0.502
0.099

Significant at *p <0.05, **p <0.01, and ***p <0.001

for arthroscopic shoulder surgery. Although the pro-
portion of men in this study was slightly higher, a simi-
lar trend was observed. The basic characteristics of our
study participants broadly agree with the characteristics
of disease onset.

The temperature in the deep shoulder joint increased
to almost the same temperature as that of the healthy
side even with cooling after 24 h of surgery. At the end
of cooling, in the 16-h group at 10 °C, the increase to the
same temperature in the deep shoulder joint as that of
the healthy side was observed. However, no difference in
the temperature of the joint during cooling was caused by
cooling temperatures of 5 °C or 10 °C. The results showed
that there was no difference in the temperature within
the joint during cooling at 5 °C and 10 °C.

Inflammation after shoulder arthroplasty has been
reported [33-38] to be more intense with longer dura-
tions of surgery, more operated tendons, and more ten-
don dissection. Regarding the relationships among the
CRP levels and the duration of surgery, number of oper-
ated tendons, and tendon dissection, our study also
showed higher CRP levels and stronger inflammatory

responses with longer surgery times, more operated ten-
dons, and more tendon dissection. Therefore, although
the present study confirmed that inflammation was sig-
nificantly related to the operative time and procedure,
the postoperative inflammatory response of CRP levels
did not reveal a cryotherapy effect.

Pain after arthroscopic shoulder surgery is related to
the presence or absence of a surgical anesthesia block; in
the absence of a block, pain is present immediately after
returning to the room (depending on the individual). To
obtain effective analgesia with cryotherapy, it is necessary
to vary the cooling temperature and duration of cryo-
therapy based on the presence or absence of the anesthe-
sia block.

At 5 °C, with an anesthesia block, the objective pain
level was not related to the cooling time. However, there
was a significant difference in subjective pain levels. The
16-h group experienced more pain at 1.5 days after sur-
gery. Therefore, it is suggested that continuous cooling at
5 °C for 24 h is better for reducing sensory pain.

However, without an anesthesia block, the 16-h group
reported less pain overall and at two days postoperatively.
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Table 5 Correlations between pain levels and VAS scores with an anesthesia block at a cooling temperature of 10 °C

Painlevel  with blocksn=15
Measurement time (h 0 2 6 12 18 24 30 36 42 48
after returning to room)
VAS 0 -
2 0.883™
6 0.582"
12 0218
18 0.804™
24 0.443
30 0.770"
36 0.642"
42 0.654"
48 0.409
Painlevel  without blocks n=9
Measurement time (h 0 2 6 12 18 24 30 36 42 48
after returning to room)
VAS 0 0.462
2 0.810"
6 0.757"
12 0.553
18 0.807"
24 0.826"
30 0.566
36 0.561
42 0.827"
48 0.677"
Significant at *p <0.05, **p <0.01, and ***p <0.001
Table 6 Comparison of measured VAS scores and retrospective VAS scores at cooling temperatures of 5 °C and 10 °C
5°C
VAS score (average) 24-h group (average, 24 h) n=15 16-h group (average, 18 h) n=13
With blocks Without blocks With blocks Without blocks
13£20 46+29 22+30 43425
Retrospective VAS score 24-h groupn=15 p 16-h group n=13 p
With blocks Without blocks With blocks Without blocks
25425 71£15 0.005*% 46+40 55431 0.653
10°C
VAS score (average) 24-h group (average, 24 h) n=9 16-h group (average, 18 h) n=13
With blocks Without blocks With blocks Without blocks
22+27 37+£23 21+£25 32435
Retrospective VAS score 24-h group n=9 p 16-h groupn=13 p
With blocks Without blocks With blocks Without blocks
45432 43+38 0.95 6.14+28 26+42 0.147

Significant at *p <0.01
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Fig. 4 Comparison of measured C-reactive protein (CRP) levels with cooling temperatures of 5 °C and 10 °C. Significant at *p <0.05

The 24-h group reported significantly more objective and
subjective pain, suggesting that 16 h is the optimal cool-
ing time without an anesthesia block.

The VAS is a universal subjective pain assessment tool
used in various fields. However, the PAINVISON was
created in Japan to assess objective pain. Although it is
currently being introduced into medical practice, its use-
fulness is still being studied. Therefore, in this study, the
VAS was considered essential.

At 10 °C, there was no difference in cooling times in
terms of both objective and subjective pain with or without
an anesthesia block. However, the mean VAS scores were
higher in the 16-h group at 18 h after surgery. Addition-
ally, the retrospective VAS scores, which was performed
within one or two days after the end of cryotherapy, were
not different between the 24-h group with and without
block; however, the 16-h group with an anesthesia block
felt more pain (approximately 4 ¢cm more according to
the VAS) during cryotherapy. Additionally, the 10 °C and
16-h group experienced an increase in deep shoulder joint
temperature when continuous cooling was discontinued.
Therefore, at 10 °C, objective and sensory pain were not
affected by 24 h and 16 h of continuous cooling. However,
in the presence of an anesthesia block, it was suggested
that, whenever possible, 24 h of cooling at 10 °C was pref-
erable to 16 h of cooling to reduce sensory pain.

This study was limited because it was difficult to include
the use of analgesics in the analysis. Because the patients
were advised not to tolerate pain, they were administered
analgesics as soon as they experienced any pain. In addi-
tion, different types of analgesics were administered pro-
phylactically before the pain intensified. Furthermore, if

the use of analgesics had been included in the analysis,
then there would have been more variables. The number
of patients would have become statistically insufficient for
inter-group comparisons. Therefore, we were unable to
examine the effect of analgesics on the studied parameters.

Conclusions
Cryotherapy was investigated to determine its benefits in
terms of pain relief. Pain after arthroscopic shoulder sur-
gery was related to the presence or absence of a brachial
plexus block using the interscalene approach during surgi-
cal anesthesia. It was necessary to change the postoperative
cooling temperature and time depending on the presence
or absence of the brachial plexus block using the intersca-
lene approach. We propose that the cryotherapy cooling
temperature range should be 5 °C to 10 °C; however, 5 °C
for 24 h appears to be optimal for patients with an anes-
thesia block. For patients without an anesthesia block,
cooling at 5 °C for 16 h and at 10 °C for 24 h provides opti-
mal benefits. The participants of this study were patients
with rotator cuff injuries. Hence, in the future, we intend
to investigate further applications of cryotherapy and
compare its efficacy for treating patients who underwent
arthroscopic shoulder surgery because of other disorders.
Importantly, our findings support the view that univer-
sal cryotherapy intensity and duration settings regard-
less of the use of other interventions will unintentionally
increase postoperative pain levels. Therefore, the results
of this study could provide a guide for determining the
temperature and duration of cryotherapy after arthro-
scopic shoulder surgery.
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