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ABSTRACT

Local cryotherapy is a treatment method used for injuries, musculoskeletal diseases, connective tissue diseases, and post-
surgical rehabilitation. Novel technologies such as non-contact cooling with cold gases, augmented compression, and skin
temperature regulation, have improved the effectiveness of cryotherapy and expanded its applications. However, it is still im-
portant to improve treatment protocols and determine optimal exposure parameters. Therefore, publications on the use of lo-
cal cryotherapy in traumatology and orthopedics were reviewed to systematize clinical practice approaches and determine
the key principles for the development of the treatment option. This article reviews studies on various local cryotherapy options
used to treat musculoskeletal diseases and to rehabilitate patients after joint surgery, sport-related injuries, and bone tissue
damage. It describes the mechanisms of action and the factors that influence the treatment effectiveness and safety. Local
cryotherapy offers several therapeutic benefits, including reduced inflammation and pain, faster recovery of joint function, and
reduced need for analgesics. Although more research is needed to confirm its effectiveness, local cryotherapy shows promise
as a treatment for bone tissue healing. Most of the current evidence of effectiveness has been obtained from preclinical studies
in animal models. Additional studies are required to confirm the applicability and safety of this treatment option in clinical prac-
tice. These studies should aim to optimize treatment parameters and evaluate treatment safety. Further randomized studies
in humans are also needed. Local cryotherapy has been shown to effectively treat musculoskeletal diseases and rehabilitate
musculoskeletal injuries. However, more research is needed to optimize treatment regimens based on the location of the injury
and the area of cooling. Further research is needed to develop personalized, local cryotherapy protocols that consider patient
characteristics, therapy goals, and the nature of the disease.
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AHHOTALUA

JloKkanbHas Kpuotepanua — MeToA Jie4eHNA TpaBM, 3ab0neBaHNA KOCTHO-MbILLEYHOW CUCTEMbI U COEAUHUTENBHON TKaHW,
d TaKXKe peaﬁVIJ'IVITaLI,VIVI nocsne Xnmpypru4yeckux sMeLlaTesbCTB. C nosiBNEeHMEM HOBbIX TEXHONOMMIN — DECKOHTAKTHOO BO3[ei-
CTBMSA OXNTaX AEHHBIMU ra3aMi, JIOMOSTHUTENLHOM KOMMpeccun U KOHTPOJ1A TeMnepatypbl KOXW — NOBbICUNACb 3Cb¢)EKTVIBHOCTb
Kpuonpouenyp n pacluMpunucb BO3MOXHOCTU MeToAa. OnHako CoBepLUeHCTBOBaHME NPOTOKOJ10B Jie4eHuUd, onpeaeneHue ontu-
MaJibHbIX NapaMeTpoB BO3[e/CTBUA 0CTaKTCA aKTyalbHbIMU 3aila4aMu. Hamu I'IpOBE}J,éH aHanu3 nyﬁnmxauwﬁ no NPpUMEHEHUI0
NOKaNbHoM KpuoTtepanuu B TpaBMaTtosiorin 1 optoneauMn ana cuctemMatusalmMm nogxonos B KJIMHUYECKOM NPaKTUKe n onpe-
OeNeHna KN4veBbiX NPUHUKMNOB pa3BnUTUA MeToa. npeﬂ,CTaBﬂeHbl pe3ynbtatbl aHan3a 1ccneaoBaHui Pas3inyHbIX METO0B
NOKabHOW Kpuotepanun, BKJI0YaA NpUMeHeHne npu 3aboneBaHuax 0MopHO-ABUraTesNibHOro annapara, pea6MJ’IVITaL|,VIVI nocne
onepauvu7| Ha CyCTaBaX, CMOPTUBHbIX TPABMax 1 NOBPEeXAEeHUAX KOCTHOW TKaHM C aKLIEHTOM Ha MeXaHU3Mbl [1eCTBUS, d)aKTOpr,
BAuAIOLLME Ha Bd)qJEKTMBHOCTb 1 630MacHOCTb UCMONIb30BaHMS. PaCCMOTPEHbI KJll04yeBble TepaneBTUYECKNe 3¢)¢EKTI:I JIOKaNb-
HOW Kpuotepanuu: CHUXKEeHUe BoCnasieHna, yMeHblLeHne bonesoro CMHApPOMa, YCKOpeHue dJYHKLlVIOHaJ'IbHOFO BOCCTaHOBJ1€HKA
CyCTaBOB U COKpaLleHKne I'IOTpEﬁHOCTVI B aHa/lbreTnKax. nepCI'IEKTVIBHbIM, HO NOKa HegoCTaTo4yHO I'IO,U,TBep)K,U,éHHbIM Hanpas-
JIeHUeM aBndaeTca npuMeHeHue JIOKanbHOM Kpuotepanun ona YCKOpeHUA 3aXKnBneHuA KOCTHOM TKaHW. Ha AaHHbIN MOMEHT
[OKa3aTesibCTBa Sd)CbeKTVIBHOCTVI B OCHOBHOM noJ1y4eHbl B JOKJIMHUYECKUX NUCCNefoBaHUAX Ha XUBOTHbIX MO eNnAx. [lns nog-
TBEpPXKAeHMUA NPUMEHUMOCTU U 6e30MacHOCTM AaHHON METOAMKM B KIIMHUYECKOM NPaKTUKe Tp96YIOTCF| [0noNHUTeNIbHblIE UCCie-
00BaHuA, Hanpae/ieHHble Ha ONTUMU3aLUNUI0 NapaMeTpoB BO3[EMCTBMUA U OLEHKY BesonacHocTy, a Takke HeobxoauMbl Aanb-
Heuwne paHOOMU3NPOoBaHHbIe UCCNief0BaHNA Ha NloaAaXx. YcTaHOBNEHO, YTO NOKaNbHas Kpuotepanusa 0bnagaet noteHUUanoMm
B JleyeHnm 3aboneBaHuii 1 pea6vuw|TauMV| rnocne nojiy4eHua TpaBM ONopHO-ABUraTesiIbHOro annapara, Ho TPEGYET AanbHeMLero
nU3y4yeHua anda ontuMnsaumm pexxnMoB nposeaeHnAa B 3aBUCUMOCTU OT obnactu oxnaaeHus u natonormn. HeobxoanMbl aanb-
HeliLUMe 1ccnefoBaHua ais pa3p360TKVI nepcoHaIM3npoBaHHbIX NPOTOKOJ10B NMPUMEHEHNA NOKarbHoi Kpuotepanuu y‘-IéTOM
MHOUBUAYANbHbIX ocobeHHoCTe naLueHToB, 3a1au Tepanuun 1 XapaxkTtepa naTosioruu.

KnioueBble cnoBa: loKanbHas Kpuotepanua; TpaBMatosiorud; optoneans, pea6w1mauvm; 3aboneBaHuA CyCTaBOB; CNOPTUBHbIE
TpaBMbl; KOCTHAA TKaHb.
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BACKGROUND

Local cryotherapy (LC) is method for postsurgical rehabi-
litation and treating inflammatory processes, injuries, mus-
culoskeletal diseases, and connective tissue diseases. This
method involves briefly exposing areas of the body to low
temperatures to achieve therapeutic effects [1].

The mechanism of LC involves physiological reactions oc-
curring in response to cold exposure [2-4]. These reactions
include the following:

« vasoconstriction, which is defined as the constriction of
blood vessels in the area of exposure, resulting in decreased
blood flow and reduced inflammation [5],

« analgesia, the reduction in pain sensitivity by slowing
down the conduction of nerve impulses and the release of
endorphins [6],

« the anti-inflammatory effect, which involves reducing
the production of inflammatory mediators, such as prosta-
glandins and cytokines [7, 8], and

« myorelaxation, which reduces muscle spasms and ten-
sion [4].

Novel technologies, such as noncontact cooling with cold
gases, augmented compression, and skin temperature re-
gulation, have improved the effectiveness of cryotherapy and
expanded its applications. However, treatment protocols need
an urgent improvement [6, 9, 10].

A critical component of LC is the selection of an appropri-
ate execution mode. The choice should ensure a therapeutic
effect that minimizes the risk of adverse reactions. The con-
cept is based on the idea that moderate-dose stressors have
an insufficient stimulating effect to harm the organism. This is
achieved through controlled exposure, which safely produces
the desired therapeutic effect [11].

This study aimed to analyze current publications on the
application of LC in traumatology and orthopedics and to con-
ceptualize the main clinical approaches and trends.

The novelty of this study lies in the review of current cli-
nical approaches to LC and their mechanisms of action based
on international practice data and scientific publications. The
results are envisaged to help identify promising directions
for developing optimized protocols.

JOINT DISEASE TREATMENT

Lesions of the synovial membrane, articular cartilage, liga-
ments, tendons, and bone tissue are common in joint dis-
eases [12]. LC is used to reduce inflammation, relieve pain,
improve joint function, and reduce the need for analgesics
[13-15]. Table T summarizes the key findings of clinical tri-
als on treating diseases, such as knee osteoarthritis [13, 14],
hip and knee osteoarthrosis [6, 15], knee and hand rheuma-
toid arthritis [16, 17], lower limb enthesitis in spondyloarthritis
[18], and rotator cuff, elbow, and Achilles tendinitis [19, 20, 21].

Using LC to treat joint diseases significantly reduces pain,
improves function, and decreases analgesic use. Positive
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effects are observed regardless of the method used (con-
tact or non-contact) and after a single treatment or treatment
course. Clinical studies have confirmed that the most sta-
ble results are achieved with a treatment course consisting
of 6-24 sessions, with each session lasting from 20 to 90 min
(6, 13-191.

A single application of LC rapidly reduces pain and tem-
porarily improves joint function [17]. Regardless of the me-
thod used, the effect lasts up to 3 h and pain relief is achieved
faster at lower temperatures [6]. Cold reduces the excitability
of nerve endings, which slows down the transmission of pain
impulses [22]. Additionally, vasoconstriction reduces blood
flow and the secretion of inflammatory mediators, which re-
duces swelling and pain [5, 22].

LC courses help achieve long-term remission. Decreas-
es in pain intensity and synovitis remission were recorded
at three months after 30-90-min contact LC procedures. Pa-
tients who underwent 90-min procedures had a significant-
ly lower recurrence rate after one year [13]. This may be due
to the deeper cooling of the affected tissue, which enhances
the therapeutic effect [23]. Mohammed Sadiq et al. [14] re-
ported that the LC group experienced a significantly more pro-
nounced reduction in pain syndrome and improvement in joint
function after 2-3 months than the control group. The LC
group received treatment for 8 weeks, with three sessions
per week [14].

Several studies have used LC combined with other phys-
ical therapy methods [14, 18, 191. In these cases, LC reduced
pain enabling the patients to perform more active move-
ments during therapy, thereby contributing to faster recovery
[14, 18, 19]. Therefore, the therapeutic effect cannot be at-
tributed solely to LC; rather, it is due to the combined effects
of several methods.

Additionally, Douzi et al. [7,8] examined changes in the
composition of synovial fluid in patients with knee arthritis
after LC. The results revealed that using cryopacks resulted in
a statistically significant decrease in the concentrations of in-
flammatory markers (interleukin [IL]-6, IL-1B, and vascular
endothelial growth factor [VEGF]). These results confirmed
the pronounced anti-inflammatory effect of LC.

Furthermore, several systematic reviews have analyzed
the effectiveness of cryotherapy and thermotherapy in treating
osteoarthritis and rheumatoid arthritis. LC reduces acute pain
and inflammation by decreasing the levels of pro-inflamma-
tory cytokines (IL-6, IL-1B, and tumor necrosis factor alpha),
particularly when temperatures below 10 °C are used. In con-
trast, thermotherapy improves blood circulation and promotes
tissue repair, making it more effective for managing chronic
pain and enhancing joint function. Cryotherapy is more effec-
tive in the acute inflammatory phase, whereas thermotherapy
is preferable for treating chronic pain syndromes and restoring
joint function [24]. Ice massage reduces swelling more effec-
tively than thermotherapy in patients with osteoarthritis [25].

Thus, LC is an important component of the complex treat-
ment of joint diseases, and it has the potential to mitigate
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Table 1. Clinical studies on the use of local cryotherapy in joint diseases

Number
Disease Patients | LC modality/Addi- | of sessions/ .
. . Region/mode Results Source
(region) (n) tional treatment Exposure
times
Knee OA 30 Circulating thera- 1x10 Knee superior Low pain during movement and at rest, [13]
py (AGT-01, Cryo- for 30 min recess/t reduction absence of synovitis symptoms (100% re-
30 TechnoMed) + di- 1 x 10 days in the joint tissues mission in all three groups) 3 months af-
clofenac for 60 min was achieved ter LC, comparable to intra-articular GCs;
in 15 min, with ade-  Increase in synovitis after 3 months; Mini-
30 1x10 da,YS crease from 32 °C mal recurrence (13%) in the group with
for 90 min to 14 °C, followed by ~ 90-min exposure by the end of the year.
the maintenance of t.
18 Gel pack (48 x 15 x 3 x 8 weeks Around the joint/ Reduced pain and increased function after [14]
0.5cm)+PT for 20 min Starting at -18 °C 2 and 3 months relative to groups with-
out LC.
Hip 0A 20 Nitrogen cryothera- 1 x 10 days Hip/t =150 °C A statistically significant reduction in pain [15]
py + kinesiotherapy ~ for 3 min after cryotherapy; the greatest effect was
observed in the LC group relative to ge-
neral cryotherapy in terms of analgesic
and functional effects.
Knee and hip 30 Ice packs 1 x 12 days Knee, pectoralis All LC methods positively affected [6]
osteoarthritis for 20-25min  muscle, and lateral the course of the disease. Refused treat-
30 Ice compress + 1x 12 days hip region (starting ment: 6% cold intolerance and 16% di-
SMC therapy (si- for 1012 min  at—12..14°C) clofenac-induced gastrointestinal side ef-
multaneously) fegts; phlebitis in t'he cryo-SMC group;
. pain relief: 3 h. Pain relief occurred 3 h af-
30 Air therapy 1> 12 days Same areas ter treatment with diclofenac and was
for&~6 min  ata distance ,  equalto the treatment time for the other
of 3—_4 cm for 1 dm modalities.
of skin for 0.5-
1 min, 3-4 fields
at a speed of 1370-
1,550 L/min and
tof 30 °C
30 Hyperbaric therapy 1 x 12 days Same areas/5-6 cm,
with CO, for 45-75 s labile 15-16 s per
field, 3-4 fields,
t78°C
Knee RA 1 Ice packs 1 for 30 min t 0°C, interval 15 min  Positive effects on knee pain and function [16]
after a single exposure.
ArmRA 15 Air therapy (Cryo 6) 1 for 10 min Dorsal and volar Substantial and immediate reduction (171
wrist/t 30 °C, 5 min in pain and increase in grip strength with-
on each side in 1 h of LC, with no significant difference
15 Ice massage 1for10min  Sameareas/t0°C,  rom the other modality; temporary pain
5 min on each side relief without reducing disease activity.
Heel enthesi- 1 Compression 2 x 5 weeks Left foot/Light com-  Positive effects of LC combined with PT; [18]
tis in spondy- therapy (Cryo- for 20 min pression may be an alternative to local or systemic
loarthritis tool) + PT treatment for long-term use.
Tendinitis (ro- 21 Ice packs + kine- 5 x 3 days to°C Kinesiotaping and cryotherapy are effec- [19]
tator cuff) siotaping, PT for 20 min tive when combined with home exercises.
Tendinitis (el- 28 Nitrogen therapy 1 for 3 min Lateral epicondyle Immediate pain relief, improved pain-free [20]
bow epicon- (Kriopol R) and forearm/10 cm, grip, and increased muscle arousal.
dylitis) labially, t -160°C
Tendinitis 30 Compression 1 for 30 min Mid-tendon/inter- Reduced capillary blood flow, restored [21]
(Achilles therapy (KoldBlue) mittently: 3 x 10 min  oxygen saturation in 2 min after warming,
tendon) with 10-min reduced venous pressure, and improved

intervals, t 0°C

microcirculation.

Note: OA, osteoarthritis; RA, rheumatoid arthritis; LC, local cryotherapy; PT, physical therapy; SMC, sinusoidal modulated currents; GCs, glucocorticoids;
t, temperature; CO,, carbon dioxide.
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symptoms and improve functional status [6, 13-21]. Tere-
shenkov et al. [13] suggest that prolonged exposure to LC (30
to 90 min) at temperatures ranging from 0 °C to 10 °C may
be more effective [13]. Additionally, Knobloch et al.[21] indica-
ted the potential benefit of intermittent cryotherapy over conti-
nuous cryotherapy. Further research is required to determine
the most effective application methods [21].

The effectiveness of LC under prolonged or intermittent
exposure might be associated with deeper cooling of internal
tissues and an impact on localization of the inflammatory pro-
cess [23]. However, differences in LC methods and protocols
used in previous studies prevents comparative analysis and
testing for correlation between cooling parameters and cli-
nical outcomes (Table 1). Consequently, there is need for fur-
ther studies with clearly defined inclusion criteria and stan-
dardized methods of effectiveness assessment to determine
the optimal exposure modes and duration of courses, as well
as to develop scientific LC rehabilitation protocols.

PREOPERATIVE AND POSTOPERATIVE
REHABILITATION

Table 2 presents the results of an analysis of clinical studies
on the use of LC during rehabilitation after various joint sur-
geries. The primary objectives of LC administration included
reducing postoperative pain, minimizing analgesic consump-
tion, and accelerating functional recovery [26, 27]. In parti-
cular, cases of LC after total knee arthroplasty (TKA) [26-31],
anterior cruciate ligament (ACL) reconstruction [9, 32], partial
meniscectomy [33], and shoulder surgery [34] were reviewed.
The reviewed studies used various contact LC methods, in-
cluding circulating therapy (with and without compression),
gel packs, and ice packs. Typically, treatment began du-
ring the patient’s hospital stay and was performed at 20-
to 120-minute intervals during the day, with a long break
at night [9, 27,29, 31, 32, 34], or as 2- to 5-session daily re-
gimens [26, 28, 30, 33]. Additionally, treatment included ad-
ministering analgesics and other physical therapies [26, 34],
tranexamic acid injections [29], vitamin D injections [30], and
nefopam administration [9]. LC decreased pain intensity [9, 30,
31] and blood loss [29], the need for analgesics [26, 27, 34],
and swelling [30, 33], but increased range of motion and joint
function [26, 27, 30, 33].

The reviewed studies used prolonged LC sessions, par-
ticularly on day 1 after surgery, when pain, swelling, and ac-
cumulation of blood and synovial fluid in the joint were most
pronounced. Cold therapy, which was used to manage these
symptoms, had analgesic and antiedematous effects [30, 31]
and promoted vasoconstriction, thereby reducing blood
loss [29]. Chen et al. [27] showed that initiating LC immedi-
ately after surgery results in significantly greater flexion am-
plitude and lesser knee joint swelling than when therapy is
started on day 2. This may be due to the more effective sup-
pression of the inflammatory response and improved micro-
circulation [27].

Kazan Medical Journal 2025, Vol. 106, No. 3

The results of previous studies highlight the importance
of selecting the optimal method of contact LC [30, 33, 36].
Chareancholvanich et al. [31] report that increasing the cooling
area to cover the knee joint and the quadriceps and calf
muscles leads to a significant reduction in pain in the early
postoperative period (8 h after surgery). Additionally, the use
of circulating LC more effectively reduces swelling in the later
period (72 h after surgery) than when gel packs are used [31].
Circulating cryotherapy provides deeper cooling of the inter-
nal tissues than gel packs [31]. Compression LC is also more
effective than ice packs when applied for 15 min three times
a day for 10 days [33]. Therefore, it can be recommended
for longer use during the rehabilitation period.

Thus, contact circulating and compression cryotherapy
might be the most effective postoperative strategies. Cryo-
therapy should be administered immediately after surgery
and continued throughout the hospital stay in the form of con-
tinuous cooling with short intervals. The joint and surround-
ing muscles should be covered to increase the effectiveness
of anesthesia [31, 36].

Several studies have examined the use of LC after TKA and
discharge from the surgical department [35, 36]. One study
examined hyperbaric LC with carbon dioxide for 3 min [35],
and another one compared compression LC and gel packs,
each applied for 30 min [36]. The procedures were performed
2-3 times a week for 2—-3 weeks.

Limited mobility of the knee joint after surgery often re-
duces physical activity and asymmetric loading of the limbs,
which emphasizes the importance of early rehabilitation. LC
helps reduce pain and swelling, which facilitates the recov-
ery of function. LC might achieve better results in reducing
pain and effusion and improving range of motion than tradi-
tional methods, such as gel packs [35, 36]. The main mecha-
nism underlying LC is decreasing tissue temperature, which
slows the transmission of pain impulses and reduces inflam-
mation and edema [39-41]. Additionally, cooling improves
quadriceps muscle activation and reduces arthrogenic mus-
cle inhibition [42].

Up to 25% of patients experience moderate to severe knee
pain three months after TKA, which underscores the impor-
tance of restoring functionality and managing pain in both
the early and later stages of rehabilitation. Therefore, the ef-
fectiveness of LC after TKA in later stages has been inves-
tigated [37, 38]. Patients received 10 daily sessions of air-
assisted LC combined with physical therapy and electrical
stimulation of the quadriceps muscle. The findings showed
significant reductions in pain and swelling [38], as well as im-
proved joint mobility, indicating that the positive effects of LC
are maintained in the long term.

Therefore, LC is critical in preoperative and postoperative
recovery, including after TKA, by promoting pain relief, reduc-
ing swelling, and improving joint function during the early and
late rehabilitation periods.

D0I: https://doi.org/10.17816/KMJ675775
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Table 2. Clinical studies on local cryotherapy used for rehabilitation after joint surgery

Patients LC modality/ Numl?er .
Surgery/Area - of sessions/ Region/mode Results Source
(n) Additional treatment .
Exposure times
TKA (from 193 Compression thera- ~ 4x3daysfor2h  Kneeat 10 °C Reduced pain and need [26]
day 1 of sur- py (Zamar Therapy for analgesics and accelerated
gery)/knee Cube)/PT, analgesics functional recovery.
joint 30 Gel packs/CPM, Day 1: 20-min Knee/starting Decreased analgesia on demand; [27]
analgesics on/30 min off; at-18 °C,pack  pain of <2 points on the VAS
thereafter,: uncon-  change every scale; greater flexion (98° vs. 91°)
trollable 4h and less swelling.
30 From day 2 post-
operation, uncon-
trollable
52 Compression therapy 5 times per day Knee/starting — [28]
(U-sport bandage)/ for 20 min at-18°C
analgesics
100 Circulating therapy 7 days after sur- Knee/t 0°C,ice  Improved function and decreased [29]
(Evercryo)/tranexa- gery/90 minevery  every4h pain, swelling, blood loss, and
mic acid, analgesics 120 min p-LOS without serious compli-
cations. Knee pain and swelling
were similar among the cryothe-
rapy groups, regardless of whe-
ther a tranexamic acid injection
was administered.
100 Compression thera- 4 %7 days Knee/t 0 °C Short-term improvements; vita- [30]
py/vitamin D for 30 min min D enhanced effects after 1
and 3 months.
36 Gel packs (Nex- Continuously Anterior part The best pain reduction occurred [31]
care™)/analgesics of the knee joint after 8 h. The maximum reduc-
up to the mid- tion in swelling occurred after 72
dle of the pa- h accompanied with improved cir-
tella, starting culation.
at-17°C; change
after 6 h
36 Circulating Same/t 0 °C;
therapy (Aircast®)/ change after 6 h
analgesics
36 Gel packs in pouch Same/start-
(x3, Nexcare™)/ ing at -17 °C,
analgesics change after 6 h
ACL recon- 360 Intermittent com- 5 days, overnight Bandage t = The VAS revealed that the inter- [9]
struction pression thera- break; 30 min 0 °C, low com- mittent compression group expe-
(from day 1 py (CryoNov®)/nefo-  on/30 min off pression rienced a rapid decrease in pain
of surgery)/ pam administered on the day of surgery and on day
knee joint intravenously, and 3. LC resulted in faster recovery
analgesics from pain than the control.
418 Compression static 5 days, overnight
therapy (Igloo®)/ne-  break; 30 min
fopam intravenously,  on/2 h off
analgesics
8 Gel packs 12 h; 20 min Starting Controlled LC resulted in more ef- [32]
(370 x 290 mm) on/100 min off at-12.2£1.5°C fective cooling of internal tissues
12 Circulating therapy 12 h continuously ~ t9-13 °C and skin surfaces the gel pack.
(CTS100) Maintaining the temperature using
circulating LC was smoother and
more energy-efficient.
Partial me- 31 Ice packs 3 x 10 days Knee at 0 °C Compression LC showed more [33]
niscectomy or 32 Compression therapy Around positive dynamics of functional
knee joint (610C0 CRYO0-2) the knee/t 0 °C recovery than ice packs.
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Table 2 continued.
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Shoulder sur- 102 Compression therapy ~ Two days conti-

gery (from (Game Ready GRPro  nuously; 30-min
day 1 of sur- 2.1 with ATX ban- on/60 min off;
gery)/shoul- dage)/PT, analgesics  overnight if ne-
der joint cessary; then 2
times per day
TKA (days 21 Hyperbaric CO%/PT 2 times per day;
3-10)/knee and CPM 6 x 2 weeks
joint for 3 min
20 Compression thera- 3 x 21 days
py (Game Ready®)/ for 30 min
massage, PT
20 Gel packs (Acti-
poche®)/massage,
PT
TKA 30 Air therapy (FRI- 1 x 10 for 5 min
(stage 3 of re- GOSTREAM)/elec-
habilitation)/ trostimulation, mas-
knee joint sage
30 Air therapy (CryoJet 1 x 10 for 6—8 min
200)/PT

Knee/t 1-4 °C; Reduced need for analgesics and [34]
low intermit- improved self-reported function

tent compres- after two weeks.

sion; medium

compression

on day 3

Knee/t 78 °C,
at a distance
of 10 cm, labile

LC improved flexion (115.69° vs. [35]
100.75°), reduced pain and swell-
ing, and improved gait.

LC performed better than [36]
Ready)/t 4 °C, the cryopack. Compression cryo-

low compres- therapy improved passive knee

sion flexion and reduced pain and ef-

fusion.

Bandage (Game

Around the knee
joint/starting
at-18 °C
Quadriceps and
calf muscles/

Improved microcirculation, re- [37]
duced swelling, and enhanced

t-32°C,10cm, electrostimulation effect.

labile

Same regions/ Reduced pain and inflammation; [38]
t-30°C, 9-10 vasocorrective effect; improved

cm, oval slot mobility and quality of life.

nozzle, power

of 7-8 units

Note: TKA, total knee arthroplasty; ACL, anterior cruciate ligament; LC, local cryotherapy; PT, physical therapy; CPM, Continuous Passive Motion; VAS,

visual analog pain scale; t, temperature; CO, carbon dioxide.

JOINT AND BONE INJURIES

LC is a widely used treatment for joint and bone injuries, and
it helps reduce inflammation and pain in the early stages [43].
The mechanism of LC involves constricting blood vessels and
reducing blood flow to the affected area, thereby accelerating
the healing process [5]. Joint injuries frequently affect the li-
gaments, soft tissues, bones, and synovial fluid [44]. The pri-
mary objective of rehabilitation after an injury is to enhance
joint functionality, reduce pain, and accelerate the patient’s re-
turn to normal life [45] or athletic training [46].

Waldén et al. [47] studied progressive Achilles ten-
don pain in male professional soccer players, focusing
on the localization, examination procedures, diagnosis, and
treatment of the condition [47]. Muscle and tendon injuries
were the most common type of injury. From 2013 to 2018, a to-
tal of 4,364 injuries were recorded over five seasons among
the 47 elite clubs of the Union of European Football Associa-
tions, 95 of which (2.2%) were Achilles tendon injuries. Physi-
cal therapy, LC, and eccentric training were the most common
nonsurgical treatment methods, with each being used in 72%
of cases [47].

Despite the widespread use of LC in sports medicine
for treating soft-tissue injuries, its effectiveness in promoting
tissue healing in humans is questionable [48]. Racinais et al.
[48] evaluated the effect of LCT on soft tissue repair. The study
was based on data obtained from animal studies and a few
ones involving humans [48]. This systematic literature review

analyzed 452 studies, including one human study and 26 an-
imal studies. The results showed that LC might reduce pain
in the first 6 h after injury, but using LC for more than 12 h
could lead to negative consequences related to delays in tis-
sue repair. Animal studies have found that LC limits inflam-
mation, slows tissue regeneration, and reduces prostaglan-
din E2 levels in tendons. Despite its popularity, there is still
insufficient scientific evidence to support the effectiveness
of LC in healing soft tissue in humans [48]. Racinais et al. [48]
emphasized the importance of further studies on humans
to refine LC application protocols and to determine its role
in the recovery process after sports injuries [48].

Table 3 summarizes the main results of clinical studies
on the use of LC after injuries. Ankle injuries [49-51] and
hamstring strains [52] were also examined. Ligament sprains
result in short-term immobility and loss of function, posing
a risk of long-term complications and reinjury [51]. The stu-
dies used contact LC modalities performed 3-6 times per day,
immediately after injury, for 3—7 days [50-52], and two times
per day in stage 3 of rehabilitation for 30 days [49].

Sefiddashti et al. [52] studied the effectiveness of LC con-
tact with ice compresses at rest and during static stretch-
ing [52]. They found that additional stretching during the pro-
cedure improved functional and passive extension scores.
There were no significant differences in active extension
or pain between the two groups [52]. Additionally, Bleakley
et al. [51] compared the effects of continuous ice pack ap-
plication with a variant that included a 10-min break during
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Table 3. Clinical studies on the use of local cryotherapy in injuries

KasaHckui MeamumnHekini xypHan, 2025. Tom 106, N° 3

. Patients | LC modality/Additional | Number of sessions/ .
Injury (area) . Region/mode Results Source
(n) treatment Exposure times
Ankle joint, 100 Cryo-wrapping (days For LC, 2 times For LC, ankle/t The experimental group [49]
stage 3 1-5); ice massage a day; for general 0 °C; for general  exhibited more pronounced
of recovery (days 6-10, 26-30); therapy, onceaday  therapy, whole increases in tibial girth,
compression therapy (30 days) for 15 min,  body flexibility, stride length, and
(days 11-15, 21-25); 10 min, 20 min, and walking speed than the group
general therapy 3 min, respectively that received the standard
(cryosauna on days rehabilitation protocol.
16-20)/PT
Ankle ligament 101 Compression therapy 3 x 7 days/10 min Ankle/t 0 °C Therapeutic exercise combined [50]
sprain with LC significantly improved
(week 1) short-term ankle function.
Ankle ligament 46 Ice packs (20 x 20 cm) 3 days after injury, Ankle/t 0 °C No significant differences were [51]
sprain every 2 h for 20 min observed in function, swelling,
43 3 days after injury, Ankle/t 0 °C, or pain at rest between
every2hfor20min  break for 10 min intermittent and continuous LC.
However, one week after injury,
intermittent LC was associated
with a greater reduction
in subjective pain and physical
activity.
Hamstring 19 Ice pack/home treatment 5 x 6 days/20 min Painful LC combined with stretching [52]

strain (knee
joint)

hamstring area/
to°C

demonstrated superior
functional and passive extensor

performance.

the session [51]. Intermittent LC significantly caused a more
pronounced reduction in subjective pain during active move-
ment one week after mild to moderate ankle ligament sprains
than continuous LC. However, no significant differences were
observed in function, swelling, or pain at rest [51].

Generally, the use of LC leads to high flexibility, stride
length, walking speed [49], joint functionality, passive and ac-
tive extension, and reduced pain and swelling [51, 52]. Inclu-
ding exercises in LC treatment improves ankle joint function
in the short term [50]. Thus, combining LC and with exercise
accelerates recovery and enables an earlier start to the trai-
ning process.

Sferopoulos [53] reported cases of complications arising
from incorrect application of LC in four children aged 10-13
years who had suffered severe sports-related injuries (two
from soccer and two from volleyball). All patients were dia-
gnosed with soft tissue injuries, and LC was administered
for pain management. However, due to violations of the LC
technique, such as prolonged use of cooling spray and di-
rect application of an ice pack to the skin without a protec-
tive pad, all patients exhibited signs of cold burns ( redness,
blisters, pain, and swelling) the following day. Re-exami-
nation revealed fractures in all cases, indicating an insuffi-
cient initial diagnosis. The authors attributed the complica-
tions to failure to adhere to standard safety precautions, most
likely due to the intense pain associated with the underlying

pathology [53]. Sferopoulos [53] described how incorrect use
of LC causes complications, demonstrating the need for strict
adherence to protocols and safety measures when perform-
ing LC, particularly in pediatric practice.

The maximum effect LC in treating injuries is achieved if
LC is combined with therapeutic exercises and stretching. This
combination accelerates the restoration of joint functionality
and reduces pain. LC should be applied immediately after
trauma using the intermittent compression technique to im-
prove microcirculation and reduce swelling. To prevent cold
burns in such cases, the exposure parameters and observing
precautions should be strictly controlled.

ACCELERATING THE HEALING
OF BONE INJURIES

Several studies have investigated the use of LC to stimulate
bone tissue regeneration in models of cortical bone defects
in mice or rats [54-56]. Castano et al. [54] lowered the tem-
perature of the femoral bone to 19 °C through daily 15-min
immersions in water with temperature ranging from 4 to 6 °C.
After 28 days, there was an increase in bone regeneration.
The enhancement of osteogenesis might be associated with
the activation of VEGF receptors, potentially resulting from
short-term hypoxia induced by the cold [54]. Concurrent find-
ings were reported by Zakaria et al. [56] who observed that
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a 28-day regimen of daily ice baths significantly enhanced re-
generative processes in bone tissue relative to the control
group [56].

Shakurov et al. [55] proposed an alternative LC technique
that uses the Kholod-01 device (Elamed, Russia). The de-
vice was equipped with a Peltier module with a cooling head
with a diameter of 50 mm, providing exposure for 7 min [55].
This approach decreases the temperature inside the bi-
otissue at a depth of 5 mm by 5.3 °C. A more mature stage
of bone formation was observed in the LC-treated group than
in the control. After six weeks, the original contours of the de-
fect were preserved in the control group. In contrast, the LC-
treated group showed complete defect closure. The authors
concluded that 7-min exposures to LC twice weekly had
a positive effect on bone healing [55].

Zakaria et al. [57] also examined models of femur frac-
tures and cortical defects. Cold exposure accelerated osteo-
blast differentiation, increased alkaline phosphatase activity,
and stimulated bone matrix synthesis and mineralization. The
authors opine that the TRPA1 and TRPM8 channels play a key
role in these processes by activating reparative mechanisms
and vasoconstriction, which increase under hypoxia. High
VEGF concentration stimulates angiogenesis necessary
for bone formation. The regulation of RBM3 and PGC-1a pro-
teins promotes the adaptation of bone cells to cold condi-
tions and enhances osteogenesis. Consequently, these pro-
cesses collectively facilitate the effectiveness of cryotherapy
for the treatment of bone injuries [57].

A treatment approach combining LC and the use of im-
plants coated with bioactive materials [58, 59] or bone chips
[60, 61] is recommended for significant-sized defects. The
preliminary results of testing the LC with the coated pins are
positive. However, the study was only a pilot study. Further
research is necessary to draw reliable conclusions based
on quantitative data.

DISCUSSION

A review of clinical and preclinical studies has confirmed
the broad use of LC in traumatology and orthopedics. LC is
used to treat joint diseases and to facilitate rehabilitation after
injuries (including sports injuries) and joint surgery.

When treating joint diseases, LC reduces inflamma-
tion and pain and improves joint function, thereby reducing
the need for analgesics. This treatment is effective in achie-
ving synovitis remission, which depends on cooling parame-
ters. A single application provides an immediate analgesic ef-
fect lasting for at least 3 h. However, there is no consensus
on the optimal duration and frequency of treatment. Further
research is required to determine these protocols.

LC is an effective component of postoperative care for pa-
tients undergoing various surgical procedures, including TKA,
ACL reconstruction, partial meniscectomy, and shoulder sur-
gery. In clinical practice, LC should be used until patients
are discharged from the surgical department and transition
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to outpatient care. A promising strategy is continuous con-
tact cooling at temperatures above 0 °C with short intervals,
covering both the joint and adjacent muscle tissues. This ap-
proach aims to reduce postoperative pain, accelerate func-
tional recovery, and minimize the need for analgesics. Be-
cause blood and synovial fluid accumulate within the first few
days after surgery, continuous therapy is important to address
these symptoms and postoperative pain.

Furthermore, LC plays an important role in the later
stages of rehabilitation. It reduces swelling and increases
the range of motion of the knee joint, allowing flexion and
extension. LC reduces pain and swelling enabling early acti-
vation of knee strengthening and restoration of functionality
through physical therapy. It is involved even in the late stag-
es of rehabilitation, particularly for patients experiencing in-
tense pain three months after TKA. In such cases, the fre-
quency of LC is gradually reduced to daily procedures.

Additionally, LC is commonly used to treat joint inju-
ries, especially those related to sports. It is used to improve
the joint’s functional state, reduce pain, and decrease swell-
ing. Repeated application of LC may contribute to a faster
return of athletes to training. LC is most effective in treat-
ing injuries when it is combined with physical therapy and
stretching exercises. It should be used immediately after an
injury to control the inflammatory response. However, ex-
posure should be carefully monitored and dosed to avoid
the risk of cold burns, especially in children.

The effects of LC in all areas considered so far are at-
tributed to the influence of cryotherapy on metabolism and
the nervous system, which promote early functional recovery.
The most definitive recommendations from the review con-
cern the methods, duration, frequency, and conditions of LC
application during the postoperative period. Further research
is necessary to identify the most effective LC modalities
for reducing the temperature of damaged tissues, particular-
ly synovial fluid, while ensuring the procedure remains safe.

LC has demonstrated encouraging results in preclini-
cal studies, particularly for treating fractures and defects
in the cortical part of the femur in murine models, with a sub-
stantial acceleration of the healing process. It is hypothesized
that LC enhances osteogenesis by activating VEGF receptors.
The immune and bone systems share many molecules; there-
fore, signals are transmitted to the immune system, which
plays a critical role in bone repair, including in locations that
have not been cryopreserved. However, results from ani-
mal studies cannot be directly extrapolated to humans owing
to differences in the metabolic features of muscle tissue, skin
thickness, and other anatomical characteristics. Clinical trials
are necessary to confirm the effectiveness and safety of LC
in stimulating osteogenesis in humans before the treatment is
widely practiced. However, LC shows much potential in treat-
ing complex cases, such as fractures with delayed conso-
lidation and complex joint fractures, as well as those in pa-
tients with diseases that disrupt normal bone regeneration.
The goal of this study was to promote bone healing at home
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using standard medical equipment, thereby reducing the risk
of nonunion and improving bone repair outcomes.

CONCLUSION

LC is an effective treatment for joint diseases, postoperative
rehabilitation (e.g., after endoprosthetics and ligament recon-
struction), and sports injuries at various stages of recovery.
The key effects of this treatment include reducing inflamma-
tion and pain, improving joint function, and reducing the need
for analgesics.

The frequency of LC use with the rehabilitation stage. After
trauma or surgery, LC should be used frequently in the acute
phase to control inflammatory reactions and synovitis.
The frequency of procedures should be gradually decreased.
Combining LC with physical therapy is effective because re-
ducing pain and swelling increases the load on the limb and
achieves a greater range of motion. This approach strength-
ens the muscular apparatus and increases joint functionality.

Preclinical studies have confirmed that LC can be used
for bone injury treatment. However, further research is nec-
essary to introduce this technique into clinical practice.

Thus, LC has remarkable potential, but further research is
needed to optimize regimens for various clinical cases. Fur-
ther research is needed to develop personalized, LC proto-
cols that consider patient characteristics, therapy goals, and
the disease. Further studies should focus on improving LC ap-
plication modalities, such as intensity, duration, and frequen-
cy, as well as evaluating safety.
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AOMO/JHUTE/IbHAA UHDOOPMALIUA

Bknap aBTopos. [1.A.B. — pa3paboTka KoHLenumm nccnegosaHms, npo-
Be/leHVe UCCNeAO0BaHMs, pabota ¢ AaHHBIMM, HanMcaHWe YepHOBMKa, ne-
pecMoTp 1 peaakTvposaHue pykonucy; C.H.H). — pa3spaboTka KoHuenumm
1ccnefoBaHus, NpoBeAeHUe UCCnea0BaHus, paboTa ¢ AaHHBIMK, Hanuca-
HWe YepHOBMKa, NepecMOTP v pefaKTpoBaHye pykonucy; LL.A.B. — pas-
paboTka KOHLLENLMM UCCNeaoBaHus, NPoBeeHNe UCCe0BaHs, paboTa
C [laHHbIMM, HanUcaHWe YepHOBWKa, NEPecMoTp W peflakTUpOBaHWe py-
Konuew; B.E.I. — pa3spaboTka KoHUenumMn nccneaoBaHus, pabota ¢ faH-
HbIMW, HanMcaH1e YepHOBWKa, NEPECMOTP ¥ PEAaKTUPOBaHWE PyKOMMUCK;
b.A.B. — pa3paboTka KoHLenumm nccnefoBaHus, pabota ¢ AaHHbIMK, Ha-
nycaHne YepHOBWKaA, NEPECMOTP W pefaKTUpoBaHUe pykonucu. Bee aBTo-
pbl 0[,06pVAM pyKoMKCh (Bepcuto AN1s NyBAMKaLIMK), @ TaKkKe COrmacuamnch
HeCTW 0TBETCTBEHHOCTb 3a BCE acMeKTbl paboTkl, rapaHTUpys Haanexatlee
PacCcMOTPEHME U peLLeHe BOMPOCOB, CBA3aHHbIX C TOYHOCTbIO 1 406p0Cco-
BECTHOCTbIO Nioboi eé YacTu.

BnaropgapHocTu. ABTophl BbipaxaloT 6naroaapHocts PMAHIMO 1 PHUMY
nM. H.W. Tinporosa 3a LieHHble KOHCYNbTaLMK, OKa3aHHbIe B MPOLIecCce Mof-
FOTOBKM [JaHHOM paboTbl.

WUcTounuk dmHaHcupoBaHus. VccnepoBaHue npoBefeHo npy duHaH-
coBO noaaepxKe Poccuitckoro HayyHoro doHaa: rpaHt PHO Ne 24-79-
10153 (https:/rscf.ru/project/24-79-10153) — B paMkax uccnegosa-
HWiA 3aboneBaHWiA 1 TpaBM CyCTaBOB, NpefonepaLyoHHoN 1 nocneone-
pauMoHHo peabunutaumm; rpaHt PHO N 20-79-10190 (https://rscf.ru/
project/23-79-50005/) — B paMKax UCCNe0BaHWi TpaBM KOCTEN.
PackpbiTe UHTepecoB. ABTOpLI 3asBASIKOT 06 OTCYTCTBUM OTHOLLIEHWI, fie-
ATENLHOCTU W UHTEPECOB 3a NOCEAHWE TPU MOAA, CBA3aHHbBIX C TPETbUMU
JMLaMK1 (KOMMEPYECKUMU 1 HEKOMMEPUECKUMM), MHTEPECHI KOTOPbIX MO-
rYT BbITb 3aTPOHYTLI COEPHAHWEM CTaTbU.

OpuruHanbHocTb. [py CO3[aHUK HacTosLLE paboThl aBTOPLI HE UCMONb-
30Bany paHee 0nybnMKoBaHHbIE CBEAEHWS (TEKCT, UIMIOCTPALIMN, [laHHbIE).
JocTyn K AaHHBIM. PeflaKLyOHHas NONMTUKA B OTHOLLIEHWW COBMECTHOTO
MCNONb30BaHUA LaHHbIX K HAcTosLLLEN paboTe He NPUMEHUMA, HOBbIE [laH-
Hble He cObMpanu 1 He co3faBanu.

[eHepaTMBHbLIA UCKYCCTBEHHBIA UHTEJUIEKT. [pn CO34aHMM HacTosLLeN
CTaTbM TEXHOMOMMM FeHepPaTUBHOTO MUCKYCCTBEHHOTO WMHTEMNEKTA He WC-
nonb30Basnu.

PaccMoTpenue 1 peueH3upoBaHue. HacTosLLas pabota nofaHa B ypHan
B VHWLMATMBHOM MOPAAKE M paccMOTpeHa no 0bbiyHoM npoueaype. B pe-
LieH3MPOBaHWW Y4acTBOBaNM TPW BHELLHUX PELieH3eHTa, YeH pefaKLvoH-
HOM KOMNErnM 1 HayuHbIM pefaKTop U3faHus.
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