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Objective: Postoperative dynamic cryo-compression (DC) therapy has been proposed as a 
method of reducing pain and the inflammatory response in the early postoperative period 
after orthopedic joint reconstruction surgery. Our aim was to analyze the analgesic efficacy 
of DC therapy after adult lumbar spinal surgery.
Methods: DC was applied for 30 minutes every 6 hours after surgery. Pain was measured 
by a visual analogue scale (VAS) in the preoperative period, immediately after surgery, and 
every 6 hours postoperatively for the first 72 hours of the hospital stay. Patients’ pain medi-
cation requirements were monitored using the patient-controlled analgesia system and pa-
tient charts. Twenty patients who received DC therapy were compared to 20 historical con-
trols who were matched for demographic and surgical variables. 
Results: In the postanesthesia care unit, the mean VAS back pain score was 5.87 ± 0.9 in 
the DC group and 6.95±1.0 (p=0.001) in the control group. The corresponding mean VAS 
scores for the DC vs. control groups were 3.8±1.1 vs. 5.4±0.7 (p < 0.001) at 6 hours post-
operatively, and 2.7±0.7 vs. 6.25±0.9 (p<0.001) at discharge, respectively. The cumula-
tive mean analgesic consumption of paracetamol, tenoxicam, and tramadol in the DC group 
vs. control group was 3,733.3±562.7 mg vs. 4,633.3±693.5 mg (p<0.005), 53.3±19.5 mg 
vs. 85.3±33.4 mg (p<0.005), and 63.3±83.4 mg vs. 393.3±79.9 mg (p<0.0001), respec-
tively.
Conclusion: The results of this study demonstrated a positive association between the use of 
DC therapy and accelerated improvement in patients during early rehabilitation after adult 
spine surgery compared to patients who were treated with painkillers only.

Keywords: Analgesia, Cryotherapy, Posterior spinal fusion, Pneumatic compression, Post-
operative pain

INTRODUCTION

Pain management after spinal surgery is mandatory regard-
less of the surgical technique. It has traditionally been achieved 
by painkillers with or without a combination with epidural an-
algesia. Of note, effective pain management may reduce post-

operative complication rates and improve patient satisfaction.1,2

Aggressive analgesic administration decreases severity of post-
operative pain, but still a significant portion of the patients may 
fail to experience sufficient pain relief. Besides, high doses of 
analgesics may lead to respiratory suppression and/or cardio-
vascular compromise.3 A safer nonpharmacologic intervention, 
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dynamic cryo-compression (DC) therapy, has been introduced 
and proposed to be used along with administration of analgesic 
medications to better manage postoperative pain in extremity 
surgery.4 The possible theories on how DC therapy affects pain 
are: (1) reduction in oedema through decreased blood flow by 
the mechanism of vasoconstriction; (2) reduction in the inflam-
matory response through decreased metabolic rate; (3) reduc-
tion in pain through gate control theory, and (4) temporary in-
hibiting effects on neuromuscular system (reducing spasticity, 
nerve conduction velocity, and muscle strength).5-7

DC therapy after spinal surgery has not been widely used and 
reported on. The aim of this study is to analyse the analgesic ef-
ficacy of DC therapy after instrumented spinal surgery. We have 
hypothesized that DC therapy may reduce pain severity and 
analgesic requirement; and may improve mobilization capacity 
after spinal surgery.

MATERIALS AND METHODS

Twenty adult patients undergoing instrumented spinal sur-
gery for lumbar spinal disorders by the same spine team were 
enrolled into this prospective cohort study over a 5-month pe-
riod (March 1–September 1, 2016). Twenty patients with simi-
lar demographic characteristics were identified as historical 
control group (November 1, 2016–February 28, 2017). Inclu-
sion criteria were defined as adult patients with lumbar spinal 
disorders requiring instrumented fusion (up to 5 levels). Mat-
ching was based on baseline measures that were collected be-
fore training for the DC group and before surgery for the con-
trol group. Matching criteria were surgical procedure, sex, age, 
body mass index (BMI). At least 20 weeks before surgery, pa-
tients eligible for the prospective cohort (DC group) were pro-
vided with a brief background to the study, a description of the 
training program, and the potential risk/benefits of participat-
ing. Patients who did not require fusion (e.g., simple discecto-
mies or laminectomies), who were unable to provide informed 
consent and/or patients with history of dementia, mental insta-
bility and any kind of psychosocial disorder were excluded from 
the study. Also patients having any condition that was contrain-
dicated for the surgery or for using the DC therapy were ex-
cluded. Local Ethics Committee approved the study protocol 
(approval number: 2017-15/10). Written informed consent was 
obtained from all patients for publication of this manuscript 
and any accompanying images.

All procedures were performed by the experienced spinal sur-
gery team under general anesthesia without an additional re-

gional anesthetic intervention. The DC and control groups re-
ceived the same operative technique and postoperative man-
agement. After the surgical procedure, all patients received DC 
therapy using a surgeon applied trunk wrap covering most of 
the thoracolumbar area and the iliac crests. DC therapy (Game 
Ready, GRPro 2.1 system, CoolSystems Inc., Concord, CA, USA) 
(Fig. 1) system delivers both adjustable continuous flow cryo-
therapy and intermittent compression through a portable con-
trol unit filled with ice and water. Patients were treated between 
12 times during the first 72 postoperative hours, each cycle last-
ing 30 minutes. Preferably, treatment cycles and control mea-
surements during the first 72 postoperative hours are performed 
at fixed moments. Pain was assessed using a 10-point visual an-
alogue scale (VAS), marked “no pain” at one end, and “worst 
pain ever” at the other.8 Also, analgesic drugs were adminis-
tered according to the standard step-wise protocol with the ob-
jective of maintaining the VAS pain score < 3 throughout the 
hospital stay. Decisions to provide analgesic medications were 
made by the patient’s assigned registered nurse. They received 
intravenous paracetamol (4 times a day), tenoxicam (3 times a 
day) and tramadol (4 times a day) in doses of 1,000 mg, 20 mg, 
and 50 mg, respectively according to the VAS score. Pain medi-
cation requirements were monitored from the patient charts. 
VAS scores were recorded 4 times per day. Patient feed-backs as 
opinions and complaints about the DC therapy were also re-

Fig. 1. Dynamic cryo-compression device (Game Ready, GRPro 
2.1 system, CoolSystems Inc., Concord, CA, USA).
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Table 1. Demographical and surgical characteristics of the 
patients (n = 40)

Variable DC group Control group

Demographic characteristic

   Age (yr) 51.7 ± 18,3 52.4 ± 20,3

   Sex, male:female 12:8 11:9

   Mean body mass index (kg/m2) 27.4 28.4

Etiology (n)

   Degenerative 13 15

   Trauma   4   3

   Others*   3   2

   Smoking   9   8

Surgical characteristic

   Mean surgical time (min) 120 130

   Mean number of levels fused   4   4

   Mean estimated blood loss (mL) 1,080 970

   Osteotomy (n)   5   6

   Mean length of hospitalization (day) 3.5 3.6

DC, dynamic cryo-compression.
*Others: post infection, implant failure, tumor.

Table 2. Visual analog scale (VAS) scores for control and dy-
namic cryo-compression (DC) and groups

VAS, back pain Control group DC group p-value

Baseline 7.82 ± 1.03 7.63 ± 1.07 0.081

Postanesthesia care unit 6.95 ± 1.0 5.87 ± 0.9 0.001

Postoperative every 6 hours

6 5.4 ± 0.7 3.8 ± 1.1 < 0.001

12 6.6 ± 1.7 5.7 ± 0.9 0.026

18 5.8 ± 1.2 5.1 ± 1.4 0.09

24 5.7 ± 1.7 4.6 ± 1.2 0.02

30 6.2 ± 1.7 5.8 ± 0.7 0.20

36 5.7 ± 0.8 4.7 ± 0.8 < 0.001

42 5.5 ± 1.8 5.4 ± 1.4 0.40

48 5.6 ± 1.1 4.8 ± 1.4 0.01

54 5.4 ± 1.4 4.6 ± 0.8 0.02

60 5.4 ± 1.1 4.6 ± 1.0 0.04

66 6.1 ± 1.4 3.7 ± 0.6 < 0.001

72 5.6 ± 0.7 3.8 ± 1.1 < 0.001

Discharge 6.25 ± 0.9 2.7 ± 0.7 < 0.001

Follow-up at 8 weeks 4.1 ± 1.2 3.6 ± 0.97 0.015

Values are presented as mean ± standard deviation. 

Table 3. Cumulative analgesic consumption for control and 
dynamic cryo-compression (DC) and groups

Cumulative analgesic  
   consumption (mg) Control group DC group p-value

Paracetamol 4,633.3 ± 693.5 3,733.3 ± 562.7 < 0.005

Tenoxicam 85.3 ± 33.4 53.3 ± 19.5 < 0.005

Tramadol 393.3 ± 79.9 63.3 ± 83.4 < 0.0001

Values are presented as mean ± standard deviation. 

corded by the nurses in charge. For the present study, we com-
pared both groups at the preoperative state, early after the oper-
ation, postoperative every 6 hours till postoperative 72 hours, 
and at 8 weeks after the surgery. 

Statistical analysis was performed using SPSS ver. 16.0 (SPSS 
Inc., Chicago, IL, USA). Parametric outcome measures were 
compared using the general linear mixed model analyses for 
repeated measures and the Student t-test to assess for statistical 
significance. A p-value of less than 0.05 is considered as statisti-
cally significant.

RESULTS

A total of 40 patients with lumbar spinal disorders who un-
derwent posterior instrumented fusion composed the study 
group. Average age, sex, and BMI distributions were similar in 
both groups (p> 0.05). The most common etiology for lumbar 
fusion was degenerative disc disease, followed by trauma and 
other disorders. Characteristics of patient demographics and 
surgical variables are given in Table 1.

Mean VAS scores of the patient groups at baseline (preopera-
tive), immediate after surgery (at the postanesthesia care unit), 
postoperative every 6 hours, at discharge, and 8 weeks after the 
surgery are given in Table 2. Cumulative mean analgesic con-

sumption values for DC vs. control groups were 3,733± 562.7 
mg vs. 4,633± 693.5 mg (p< 0.005) for paracetamol; 53.3± 19.5 
mg vs. 85.3± 33.4 mg (p< 0.005) for tenoxicam, and 63.3± 83.4 
mg vs. 393.3± 79.9 mg (p< 0.0001) for tramadol (Table 3). No 
cold-related wound complications, including frostbite or tran-
sient nerve palsy occurred in DC group.

The most common answer to the question of patient satisfac-
tion and/or complaint was “a nice feeling (or good impression)” 
in 15 of 20 patients. Three of the 20 patients were complained 
as “sometimes too cold feeling.”

DISCUSSION

Spinal procedures generally associated with severe pain dur-
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ing the early postoperative period. Inadequate pain manage-
ment results in reduction in patient comfort and mobility. It 
may give rise to serious complications like deep vein thrombo-
sis, pulmonary embolus and pneumonia. All of which increase 
the hospital length of stay and reduce patient satisfaction.9

Paracetamol, nonsteroidal anti-inflammatory drugs, and opi-
oids are generally used for pain management. Excessive con-
sumption of each can be associated with serious side effects, i.e., 
hepatotoxicity, nephrotoxicity, gastrointestinal bleeding, confu-
sion, and respiratory depression. That’s why various multimod-
al analgesia regimens have been introduced to be used for pain 
management, especially to reduce the opioid consumption, af-
ter spinal surgery.1,9

Cold therapy (cryo-therapy) has been widely used for long 
years in the treatment of postoperative pain management in or-
thopaedic surgery and most of the studies have reported better 
pain scores and reduced drug consumptions.10-12 DC therapy is 
a combination of continuous flow cryo-therapy and intermit-
tent compression. It is an up-to-date analgesic regimen in ex-
tremity surgery and its efficiency has been demonstrated after 
anterior cruciate ligament reconstructions and revision surger-
ies of total knee arthroplasties.6,13 

The number of studies about DC application after spine sur-
gery is quite low. Reduced postoperative pain and decreased 
length of hospital stay have been reported by Murata et al.14 and 
they have investigated the usefulness of DC therapy after one 
level microendoscopic spinal surgery. They also found a signifi-
cant decrease in wound temperature. However, they reported 
no significant differences between the study and control groups 
in terms of laboratory data, VAS scores, and postoperative bleed-
ing. Fountas et al.15 have reported better pain scores and smaller 
amount of drug consumptions in patients receiving cyrothera-
py. They have suggested that intraoperative and postoperative 
cryo-therapy was safe and effective after lumbar microdiscecto-
mies. 

According to the authors’ knowledge, present study is the 
first one in the English literature to evaluate the use of DC ther-
apy after lumbar intrumented surgery and it was demonstrated 
that DC therapy was effective in reducing postoperative pain 
following elective spinal surgery when compared with the his-
torical control group. 

Certain limitations have to be taken into account when inter-
preting the results of this trial. First of all, this study has not 
been designed as a randomized and double blind. Second, our 
study conclusions are hampered by a small sample size. How-
ever the achieved power of this study is 0.95 (with noncentrality 

paratemer as 1.06, type-I error rate as 0.05). And third, only 
VAS scores and patients’ complaints was used for pain assess-
ment. Of note, there were significant differences between DC 
versus control group by means of the pain severity and analge-
sic consumptions, and such method of pain assessment was 
considered as appropriate because of its high level of repeatabil-
ity when used continuously on the same patient.8

CONCLUSION

The results of this prospective study have demonstrated that 
DC is found to be effective in reducing postoperative pain after 
elective lumbar spine surgery requiring instrumented fusion. 
The patients who received DC therapy had better VAS scores 
and required smaller amount of analgesic medications when 
compared with the historical controls. This procedure may be 
considered as a suitable option for pain management in acute 
recovery phase after instrumented lumbar spine surgery.
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