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Abstract: Aim: We aimed to evaluate the hemostatic effects and the clinical outcomes of preoperative and postoper-
ative cryoceutical treatment (C-tx) following total knee arthroplasty. Patients and method: 42 patients received C-tx 
both preoperatively, and postoperatively. In the control group, 45 patients did not receive any C-tx. Amount of bloody 
drainage and verbal rating pain scores were noted. Results: We found significant difference in both the preoperative 
and postoperative hemoglobin levels and blood drainage (P<0.001). However, there was no significant difference in 
the average verbally rated pain scores (P>0.05). Conclusion: C-tx performed preoperatively and postoperatively for 
total knee arthroplasty is effective in decreasing perioperative and postoperative hemorrhage. However, it had no 
superior effect on the control of postoperative pain.
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Introduction

It has been well documented that increased 
postoperative bloody drainage brings about 
many potential disadvantages. It’s supposed to 
cause more morbidity, longer stay in hospital, 
increased wound infection risk and higher hos-
pitalization costs including risks of blood trans-
fusion as well [1, 2]. In order to reach satisfac-
tory recovery following total knee arthroplasty, 
postoperative early mobilization and rehabilita-
tion are extremely important [3]. Total knee 
arthroplasty is associated with serious postop-
erative blood loss even without perioperative 
anticoagulation [4, 5]. Coagulopathies, tourni-
quet use, duration of surgery, postoperative 
bloody drainage are some of the well-known 
factors contributing to overall blood loss follow-
ing total knee arthroplasty [6-8]. Increased 
postoperative bloody drainage may cause seri-
ous medical problems especially in the elderly 
patients, besides it’s also an economical con-
cern due to longer stay in hospital [6]. 
Furthermore, blood transfusion has its poten-
tial risks such as allergic reactions, immune 

hemolytic reactions fever, transfusion related 
acute lung injury, delayed hemolytic reaction, 
iron overload, graft versus host disease and 
blood borne infections [9-18]. Cryoceutical 
treatment (C-tx) has become popular, and start-
ed to be used in some orthopedics clinics in 
recent years [19].

First generation cold therapy included gel packs 
and crushed ice in plastic bags, second genera-
tion included cold therapy with circulating ice 
water like a Cryo/Cuff (Aircast, Vista, CA, USA) 
or GameReady (Coolsystems Inc, Concod, CA, 
USA) and third generation devices which 
enabled computerized control of continous cold 
therapy (cTreatment, Waegener, Breese, 
Belgium). The purpose of the current study is to 
evaluate the hemostatic effects and the clinical 
outcomes of C-tx on postoperative pain and 
bloody drainage and to compare the results to 
standard cryotherapy.

Materials and methods

A prospective randomized clinical trial was per-
formed in 92 consecutive patients undergoing 
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cemented primary unilateral total knee arthro-
plasty without tourniquet control. Simple ran-
domization [20] was performed to maintain 
complete randomness of each subject to a par-
ticular group. Patients who had been lost to 
follow-up (n: 5) were excluded from the final 
analysis. All of the patients included to the 
study had advanced gonarthrosis (Grade IV). 
Patients with rheumatoid arthritis, coagulopa-
thies, neurologic problems, patients with a his-
tory of thrombophlebitis in the lower extremi-
ties and patients who had active systemic dis-
ease such as hepatitis, AIDS were not included 
to the study. Each case had one drain placed 
according to standard practice and all received 
4000 IU of enoxaparin sodium (Clexane) subcu-
taneously every 24 hours, starting 12 hours 
after the operation. In order not to bring any 
bias to the study, all of the operations were 
made at the same hour of the day, particularly 
in the morning. All of the Patients who received 
c-treatment and patients who did not receive 
c-treatment were homogeneous with respect to 
age, gender and weight. Demographic features 
of the patients are summarized at Table 1.

Preoperative and postoperative twice daily 
complete blood counts were noted. 45 patients 
did not receive any C-tx (Control Group) and 42 
patients received C-tx both preoperatively and 
postoperatively (Treatment Group). The C-tx 
device is composed of a server and c-pad 
(Figure 1). The c-server drives the c-pad by use 
of the selected c-protocol. The device enables 
controlled-temperature modulation with cool-
ing at a specific temperature (11°C) for a pro-
longed time [21]. Not to allow cold-induced 
vasodilatation, the device progressively inc- 
reases the temperature during treatment. 
Compression was not adjusted as a part of the 
cTreatment protocol only cold therapy was per-
fortmed. All of the patients operated had 
advanced osteoarthritis of the knee. Operations 
were carried out by 2 orthopaedic surgeons 
specifically experienced in the field of arthro-
plasty. Patients in either treatment or control 
group were blinded for the other group. For the 
treatment group c-pads were applied to the 
operated knees preoperatively for 90 minutes 
until they were taken to the operation hall and 
postoperatively for 6 hours on surgery day 
starting just after the operation, and for 2 hours 
for subsequent 2 days. Control group received 
standard cold therapy with ice packages 8 
times for 15 minutes with 45-minute intervals 

for the operation day and postoperative 2nd 
day. Control group did not take any cold therapy 
before the operation. All of the patients received 
elastic bandages for compression, same anal-
gesic medication, diclofenac sodium 3 ml 
(Diclomec) twice daily and 100 mg Tramadol 
hydrochloride (Contramal) once, at 6 hours 
postoperatively.

Postoperative 24 hours later amount of bloody 
drainage and verbal rating pain scores were 
noted. All patients verbally rated the intensity 
of their knee pain using a 0 to 10 numeric scale 
(0: no pain, 10: worst pain). 2 patients from 
treatment group and 7 patients from control 
group received blood transfusion. Decision for 
blood transfusion was made by an anaesthesi-
cian who was blinded to both treatment arms; 
following the guidelines of the AABB (American 
Association of Blood Banks). For patients who 
did not have concomitant active bleeding or 
coronary syndrome, Hb levels of 8 g/dl or lower 
was threshold for blood transfusion [22].

Statistical analysis 

During the assessment of the data obtained in 
the study, IBM SPSS 22 program was used for 
statistical analysis. During the assessment of 
the study data, conformity of the parameters to 
the normal distribution was assessed by the 
Kolmogorov-Smirnov test. During the evalua-
tion of the study data, along with the descrip-
tive statistical methods, parameters with nor-
mal distribution for the comparison of quantita-
tive data were evaluated using Student’s t-test. 
The qualitative data were evaluated using Chi-
square test and Fisher’s Exact test. Significance 
was accepted at P<0.05 level. According to the 
Power and Sample programme used; D: 0.8 SD: 
1.2 was accepted for postoperative Hb value, 
sample size was found to be 36 minimally for 
power value of 0.80 and α:0.05.

Results

Preoperative, postoperative 48th hour mean 
hemoglobin values, hemoglobin decrease per-
centages, and the amount of bloody drainage 
measured 24 hours postoperatively of the 
treatment and control group are shown on 
Table 2. We found significant difference among 
both groups regarding the preoperative and 
postoperative hemoglobin levels, amount of 
bloody drainage (P<0.001). Decrease in hemo-
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globin levels compared to preoperative values 
was measured in percentages not to bring any 
bias regarding different preoperative hemoglo-
bin levels however we did not find any statisti-
cally significant difference in need of blood 
transfusion between both groups (Fischer’s 
exact test, P=0.091) (Table 3). Mean verbally 
rated pain scores were 6.1 in C-tx group, and 

ations and there are numerous studies to 
explore the effects of cold therapy [16, 18, 19, 
21, 23]. C-treatment has become popular and 
started to be used in some orthopedics clinics 
in recent years. The treatment was carried out 
by a medical device providing automatic con-
trolled energy exchange and a pad applied to 
the operation site. Potential risks of the treat-
ment may be too cold or too long application of 
c-pads or applying with too much compression 
that may compromise skin circulation. Abnormal 
reactions to cold such as Reynaud phenome-
non may potentially lead to tissue damage. It’s 
thought that patients who have marked 
response to cold such as cold urticeria, cryo-
globulinemia, paroxysmal cold hemoglobinuria 
may not be suitable for c-treatment [24-28].

Hypothermia potentially leads to immunosup-
pression, thus cold therapy may increase risk 
of infection [27, 31]. Adequate post-operative 
pain relief following total knee arthroplasty is 
very important to optimal postoperative recov-
ery and earlier patient mobilization with the aim 
of decreasing the incidence of the development 
of thromboembolism; however there are many 
side effects of pain medication. Pain relief 
options for major orthopedic operations have 
limitations due to associated side effects that 
often require additional treatment. Side-effects 
of the opiate pain medication include lethargy, 
sedation, respiratory depression and, potential 
addiction [28-30]. The side effects of non-ste-
roidal anti-inflammatory agents include gastric 
symptoms and may cause peptic ulcers [31]. 
Verbal rating pain scores were noted only 24 
hours postoperatively, it would be better to 

Table 1. Demographic details of the patients
Control 
Group

Treatment 
Group Value p

1AgeMean ± SD 65.36 ± 6.98 65.14 ± 4.06 0.175 0.861
1Mean Hospital Stay (days)Mean ± SD 7.2 ± 1.5 7.4 ± 1.2 0.713 0.756
2Sexn,%

    F 23 (51.1%) 20 (47.6%) 0.106 0.745
    M 22 (48.9%) 22 (52.4%)
2ASAn,%

    ASA I 15 (33.3%) 14 (33.3%)
    ASA II 11 (24.4%) 10 (23.8%) 0.031 .999
    ASA III 9 (20%) 9 (21.4%)
    ASA IV 10 (22.2%) 9 21.4%)
1Student t test: 2Pearson Chi-Square.

Figure 1. The C-tx device is composed of a server and 
c-pad.

6.6 in control group (P> 
0.05), respectively. We had 
2 superficial wound infec-
tions in the treatment gro- 
up and 5 superficial wound 
infections in the control 
group. Superficial wound in- 
fections were diagnosized 
by taking wound swabs. Su- 
perficial wound infections 
may be related to the appli-
cation of ice packages.

Discussion

Cold therapy is frequently 
used after orthopedic oper-
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take these scores additionally at postoperative 
36 and 48 hours too. As a limitation of the 
study walking capacities of the patients togeth-
er with range of motion values could also be 
additionally observed.

Any decrease in body temperatures of the 
patients during C-tx was not seen. We had 2 
superficial wound infections however there 
were 5 superficial wound infections in the con-
trol group that were all successfully treated by 
parenteral antibiotherapy. Postoperative drain-
age from the wound is also a potential danger 
for superficial and deep infection [29]. 
Superficial wound infections of the treatment 
group were less than the control group, which 
may be due to vasoconstriction and decrease 
of drainage from the wound. 

Our results demonstrate that c-treatment 
applied both pre and postoperatively after total 
knee arthroplasty significantly reduces peri and 
postoperative hemorrhage without any signifi-
cant decrease in postoperative pain. Clinically 
important blood loss requiring blood transfu-
sion is not uncommon in clinical practice [30] 
however we did not find any significant differ-
ence between both treatment and control 

groups regarding need for blood transfusion 
(P>0.05). Deep venous thrombosis and pulmo-
nary embolism may follow total knee arthro-
plasty and may cause mortality and morbidity. 
Incidence of venous thrombosis and pulmonary 
embolus can be reduced by preoperative and 
postoperative anticoagulation, postoperative 
devices and postoperative early mobilization. 
Preoperative anticoagulation is effective in pre-
vention of venous thrombosis however it may 
increase perioperative bleeding [31, 33-36]. In 
one recent study, advanced cryotherapy was 
not found to accelerate early recovery after 
total knee arthroplasty and no statistically sig-
nificant difference was found between c-tx 
group and control group in means of VAS or 
secondary outcome measures [34]. C-treatment 
performed preoperatively may be effective in 
decreasing perioperative hemorrhage due to 
vasoconstriction and let safer anticoagulation. 

According to our results, c-treatment performed 
preoperatively and postoperatively for total 
knee arthroplasty is effective in decreasing 
perioperative and postoperative hemorrhage, 
however it’s not superior to classical cold thera-
py in case of postoperative pain control and 
does not significantly reduce blood trans- 
fusion.
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Table 2. Preoperative, postoperative 48th hour mean hemoglobin values, hemoglobin decrease per-
centages, and the amount of bloody drainage measured 24 hours postoperatively of the treatment 
and control group

Group Patients (N) Mean ± SD t P
Preoperative Hemoglobin (g/dl) Control 45 13.12 ± 1.30 1.273 0.207

Treatment 42 12.76 ± 1.32
Postoperative Hemoglobin (g/dl) Control 45 9.91 ± 1.25 -5.100 <0.001

Treatment 42 11.22 ± 1.14
Drop in Hemoglobin (%) Control 45 24.47 ± 5.10 13.258 <0.001

Treatment 42 11.93 ± 3.52
Drainage from hemovac (cc) Control 45 319.78 ± 60.66 8.983 <0.001

Treatment 42 210.24 ± 52.43
Student’s t test.

Table 3. No significant difference between 
both groups regarding postoperative blood 
transfusion

 
Transfusion need

PHb≥8 g/dl Hb≤8 g/dl
n (%) n (%)

Control Group 37 (82.2%) 8 (17.8%) .091
Treatment Group 40 (95.2%) 2 (4.8%)
Fisher’s Exact Test.
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