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Abstract

Background With an increased interest in nonsurgical and

minimally invasive body fat reduction and body contouring

procedures with limited side effects and downtime, cry-

olipolysis has emerged as a compelling and safe alternative

to surgical fat removal methods. A massage of the treated

areas generally follows cryolipolysis treatment to improve

blood circulation and increase apoptotic fat cells’ removal.

In this study, following cryolipolysis, we used shockwave

therapy instead of massage to enhance the results of the

body contouring treatment and improve the patient’s

comfort. We then assessed patients’ comfort and satisfac-

tion using the combination of cryolipolysis and shockwave

therapy in reducing fat volume.

Methods We conducted a prospective study of 30 patients

who underwent at least one cryolipolysis therapy cycle

followed by shockwave treatment. Subjects were given a

posttreatment questionnaire to assess the patient’s comfort

and satisfaction degree with the combination of cryolipol-

ysis and shockwave therapy for fat reduction. Answers

were recorded on a five-point Likert-style scale, entered

into a database and were analyzed.

Results We found an overall high satisfaction rate for most

patients when treated with shockwave therapy after cry-

olipolysis treatment. The majority of patients described the

discomfort associated with treatment as minimal or toler-

able (76.7%) and were prepared to recommend cryolipol-

ysis treatment followed by shockwave therapy to friends

(68.9%). Overall, 76.7% of patients found the combination

therapy comfortable, 68.3% were satisfied with the results,

57.7% said the results met their expectations.

Conclusion The most important aspects of body contour-

ing methods is a patient’s safety, comfort, satisfaction and

self-image improvement. In this study, we report a high

level of patient satisfaction when using a combination of

fat reduction procedures of cryolipolysis followed by

shockwave therapy. The majority of cases report being

satisfied or extremely satisfied with the treatment and

found this body contouring combination method comfort-

able. Cryolipolysis combined with shockwave treatment

appears to be a safe and efficient way of reducing the size

of localized and stubborn fat deposits for subjects who

desire nonsurgical localized fat reduction.

Level of Evidence IV This journal requires that authors

assign a level of evidence to each article. For a full

description of these Evidence-Based Medicine ratings,

please refer to Table of Contents or the online Instructions

to Authors www.springer.com/00266.

Keywords Noninvasive body contouring � Cryolipolysis �
Shockwave therapy � Fat reduction � Aesthetics � Patient

satisfaction

Introduction

Body contouring improves the body’s appearance by

removal, transfer or lipolysis of the body fat. In 2018, the

global body contouring market size reached US$ 6.1 bil-

lion. It is estimated that the body fat reduction market
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surpasses $16.5 billion by 2025 [1]. So far, liposuction has

been the most popular procedure for efficient fat removal.

However, there are some risks and post-procedural adverse

effects associated with liposuction, including body scar-

ring, infection, irregularities, complications from anesthe-

sia and, in rare cases, death. Liposuction surgery also

requires downtime for recovery [2]. In addition to remov-

ing adipose tissue mass by liposuction, fat tissue volume

can also be reduced by cryolipolysis. With the emergence

of approved non-surgical fat reduction technologies such as

radio frequencies, ultrasound, carbon dioxide, laser and

cold-induced lipolysis, and rising interest for non-invasive

procedures that are minimally painful and requires no

downtime, the global market for fat reduction procedures

have shifted [3–5]. Cryolipolysis, laser lipolysis and

ultrasound are noninvasive fat reduction procedures that

can reduce fat deposits, localized adiposities and stubborn

fat without surgery and scarring. Other techniques using

radio frequencies and carbon dioxide have been studied as

noninvasive body contouring [5]. Ice-Shock Lipolysis is

another noninvasive procedure for reducing subcutaneous

fat volume and fibrous cellulite in areas that previously

would be treated by liposuction [3]. CoolSculpting, an

FDA-approved noninvasive fat reduction method, has been

used for the localized destruction of subcutaneous adipo-

cytes without inducing lipid or liver marker levels in the

blood serum [6, 7]. This technique has shown to be safe for

repeated applications and different skin types [8]. An ani-

mal study of the cryolipolysis technique in the pig model

showed cutaneous cooling-induced adipocyte apoptosis,

triggering a selective delayed lobular panniculitis and

reduction in subcutaneous fat [9]. Cryolipolysis delivers

cold to the tissues, as fat cells are more sensitive to cold,

the membrane of adipocytes is damaged, and the apoptosis

process is triggered. Cold-induced apoptosis leads to an

inflammatory reaction, macrophage recruitment and stim-

ulation of the lipolytic process. Lipid droplets vary in size

(from 20 nm up to 100 lm), and larger ones might take

few months to break, be digested and cleared from the

body [10].

To enhance the clinical outcome and efficacy of cry-

olipolysis while maintaining the treatment’s safety, a

posttreatment manual massage was added to the original

treatment protocol [11]. The safety and efficacy of cry-

olipolysis have been extensively reported in the literature,

and most people who have used cryolipolysis for localized

fat reduction report being satisfied with the results [12, 13].

The results, however, would generally take a few months to

appear. Other techniques have been used in combination

with cryolipolysis to improve clinical outcomes, including

massage therapy. Massage therapy seems to induce

mechanical destruction of adipocytes primed to undergo

apoptosis from temperature cooling. However, it is difficult

to measure or control variabilities in the manual massage’s

quality and intensity. A previous study has shown that

shockwave therapy, when combined with cryolipolysis,

improved the treatment result. To minimize variability in

the quality when the patient was treated with manual

massage, instead of manual massage, we used shockwave

therapy immediately after cryolipolysis treatment to

enhance the result of fat reduction treatment and improve

the patient’s comfort and satisfaction.

Shockwave therapy was initially used to treat renal

calculi and musculoskeletal disorders, cellulite-afflicted

skin and acute and chronic soft tissue wounds [14, 15].

High-energy radial shockwaves appear to impact collagen

structure, skin and connective tissue, increasing blood

circulation and stimulating collagen regeneration, which

helps improve skin firmness and elasticity. A previous

study using a combination of cryolipolysis and shockwave

therapy has shown a significant fat thickness reduction by

programmed cell death, which was confirmed by histologic

and immunohistochemical analysis [3]. The combination of

the two procedures appears to cause the programmed death

and slow resorption of destroyed adipocytes. Although the

majority of patients reported they experienced minimal or

no discomfort during or after the procedures, so far, patient

satisfaction and self-image improvement with the com-

bined treatment have not been studied. In this study, we did

a comprehensive assessment of tolerance and patient sat-

isfaction level when we used a combination of the nonin-

vasive body contouring technique, cryolipolysis and

shockwave therapy.

Materials and Methods

Population Study

We conducted a prospective study of patients treated with a

combination of therapy of cryolipolysis (CoolSculpting�
System, Allergan) and shockwave therapy. All patients

treated with at least one cycle of CoolSculpting and sub-

sequent shockwave therapy between January 1, 2018, and

December 31, 2018 (64 patients) were considered for this

study and were contacted via phone or e-mail. Their full

treatment process may have begun in 2017 or have ended

in 2019. Patients excluded from this study included (1)

patients with metabolic, neurological or oncological dis-

eases, (2) patients who did not complete the recommended

rounds of cycles, or (3) did not return for a follow-up that

could establish a mutual agreement of completion, or (4)

were treated only in the off-label areas, or (5) their treat-

ment charts lacked essential information, or (6) patients

who have had CoolSculpting treatment on the same body

part at another clinic before coming to our clinic, or (7)
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patients who had only CoolSculpting treatment without

shockwave therapy, or (8) who did not complete the

questionnaire. Patients were included in the study based on

completing the number of treatment sessions, as quoted

during their initial visit. If the cycles and rounds were not

completed as recommended, the patient would still be

considered as long as the patient and medical team mutu-

ally agreed that further treatment was unnecessary or no

longer therapeutic. Forty-eight subjects who fit the inclu-

sion criteria were reached by either telephone or e-mail, 15

patients completed the survey over the phone with a nurse

investigator, and 15 patients completed the questionnaire

online. In total, 30 patients who fit the above criteria,

agreed to be part of the study and completed the Likert

survey were included in this study (Fig. 1). Eligible sub-

jects were male (10%) or female (90%) and between 24

and 60. All cases had visible and palpable subcutaneous fat

on physical examination. Before treatment and at a mini-

mum of 12-week post-final follow-up visits, clinical

assessments and photographs were obtained. The consent

form was sent to the patient for review before the phone

survey via e-mail.

The consent form was sent to the patient for review

before the phone or e-mail survey via e-mail. If they agreed

to participate in the study, a recorded verbal informed

consent was obtained before the phone or e-mail sur-

vey. This study was conducted following good clinical

practice and regional laws and regulations and adhered to

the Declaration of Helsinki principles.

Cryolipolysis System

We used CoolSculpting, an FDA-approved cryolipolysis

system, in our study (CoolSculpting� System, Allergan).

The first CoolSculpting device was purchased in 2015 and

the second device in 2016. In most cases, the

CoolSculpting Advantages applicators (CoolAdvantage)

were used. The older version of CoolSculpting applicators

was used for a few cases as it provided a better fit and seal

of the treatment areas. A previous study has shown that the

two types of applicators were equivalent in safety and

efficacy [16]. CoolSculpting reduces fat volume and

thickness by inducing adipocyte apoptosis through cold-

assisted lipolysis. The CoolSculpting� procedure is

increasingly used to treat visible fat bulges in the sub-

mental and submandibular areas, thigh, abdomen and flank,

bra fat, back fat, underneath the buttocks and upper arm.

Similar to other medical devices, approved indications for

the use of CoolSculpting vary in different countries.

CoolSculpting is a noninvasive cooling system that induces

lipolysis of adipose tissue, breaking down fat cells without

damaging nerve cells or other tissues [17]. The destroyed

fat cells at the treated area will stimulate an inflammatory

process. They will be engulfed and digested by the body’s

immune system and then cleared through the lymphatic

system [13]. The procedure gradually leads to reduced fat

layers in the treated areas.

Shockwave Therapy

Shockwave therapy is primarily used to treat various

chronic musculoskeletal disorders and acute and chronic

soft tissue wounds. High-energy radial shockwaves appear

to impact collagen structure, skin and the connective tissue,

improving blood circulation and stimulating collagen

regeneration. Also, the treatment appears to decrease the

discomfort associated with cryolipolysis treatment and

cold-induced lipolysis. Shockwave therapy equipment used

Fig. 1 Flowchart for

Constitution of Study Group.

The charts of patients treated

during this study were reviewed,

and patients who fit the

inclusion criteria were

contacted. In total, 64 subjects

were accessed for eligibility and

30 subjects who presented the

inclusion criteria, completed the

treatment and responded to the

questionnaire were included in

this study

Aesth Plast Surg (2021) 45:2317–2325 2319

123



in this study was ZWavePr (Zimmer Medizin Systems). The

Shockwave system was applied with an electromagnetic

generator as a projectile accelerator at 120 MJ, 15 Hz, and

2500 pulses, as recommended by the instrument’s manu-

facturer (Zimmer Medizin Systems).

Treatment Protocol

The CoolSculpting system was used as per the manufac-

turer’s direction [18]. Based on protocol, subjects received

CoolSculpting treatment for each area, followed by

shockwave therapy instead of recommended massage to

improve the clinical outcome. The skin was cleansed and a

transparent gel applied to the selected area before treat-

ment, and then the vacuum applicator was covered with the

gel trap. Subjects underwent a single or multiple 35-, 45- or

75-min cycle(s) as recommended by the manufacturer

(Advantage, Advantage Plus and CoolMini, or CoolS-

mooth Pro applicator, respectively) of cryolipolysis treat-

ment per area with a maximum cooling temperature of

-11 �C to the selected area using the CoolSculpting Sys-

tem, followed by a 3-min shockwave therapy (ZWavePr,

Zimmer Medizin Systems). The number of treatment

cycles was determined based on the physical examination

of the treatment area and the patient’s overall expected

outcome. Twelve weeks after treatment, each patient was

assessed to determine whether an additional session(s) was

warranted. The Shockwave system was applied with an

electromagnetic generator as a projectile accelerator at

120 MJ, 15 Hz and 2500 pulses. Based on the

CoolSculpting treatment guidelines and medical team

determination, treatment cycles were performed 6 to 12

weeks apart. Treated areas included submental, abdomen,

flanks, inner thighs, outer thighs, triceps area, armpit, arms,

back and axilla. All treatments were performed before the

initiation of this study.

Statistical Analysis

The five-point Likert scale questionnaire scoring was tab-

ulated and calculated using Microsoft Excel. The results

were recorded in a database, and their answers were coded

from 1 (strongly agree) to 5 (strongly disagree). For each

question, the percentage was calculated for each answer.

The five-point Likert scale questionnaire (Q) was also

divided into four main categories as follows: the degree of

comfort during and after treatment (Q2, Q3, Q12); overall

satisfaction with the treatments (Q4, Q13); body image

improvement and expectation (Q5, Q6, Q7); and if they

would recommend the combination treatment to others

(Q8, Q9, Q10). An average score, in percentage, for each

category was then calculated and recorded.

Results

We conducted a prospective patient satisfaction study of

patients treated for the combination therapy (CoolSculpting

and shockwave therapy). A total of 30 patients met our

inclusion criteria and were enrolled in this study. The

majority of cases had been treated for the abdomen

(63.0%) and flank (43.0%) areas. Other treated areas were

back (13.0%), inner thigh (13.0%), triceps (10.0%), sub-

mental (6.6%) and outer thigh (3.3%) (Fig. 2). The mini-

mum number of treatment cycles was 2, and up to a max of

37 cycles if multiple body areas were treated. After treat-

ment and at a minimum of 12-week follow-up, patients

were asked to complete a five-point Likert-style scale

Fig. 2 Treatment areas. The

majority of cases were treated

for the abdomen (63.0%) and

flank (43.0%), followed by back

and inner thigh areas
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questionnaire to evaluate their level of satisfaction with the

treatment. The results were recorded in a database, and

their answers were coded from 1 to 5 from ‘‘strongly

agree’’ to ‘‘strongly disagree.’’ In total, 83.3% of patients

found CoolSculpting treatment to be comfortable and

50.0% found shockwave therapy following CoolSculpting

Table 1 A five-point Likert-style scale questionnaire was used to study the degree of patients’ satisfaction and comfort level with the

combination of CoolSculpting and shockwave treatment

Questionnaire Strongly

agree (%)

Agree

(%)

Neutral

(%)

Disagree

(%)

Strongly

disagree (%)

Q2 You found CoolSculpting to be a comfortable treatment overall 36.7 46.7 10.0 6.7 0.0

Q3 You found shockwave therapy following CoolSculpting treatment to

be comfortable

13.3 36.7 20.0 23.3 6.7

Q4 Your results following CoolSculpting were satisfactory 16.7 50.0 10.0 20.0 3.3

Q5 Did CoolSculpting including shockwave therapy meet your

expectations

20.0 40.0 16.7 6.7 16.7

Q6 Your self-esteem has improved since your treatment 20.0 30.0 26.7 13.3 10.0

Q7 CoolSculpting and shockwave therapy have had a positive impact in

your life

20.0 43.3 13.3 6.7 16.7

Q8 You are likely to treat additional areas with CoolSculpting and

shockwave therapy

20.0 33.3 20.0 16.7 10.0

Q9 You would recommend CoolSculpting with shockwave therapy to a

friend

26.7 40.0 16.7 6.7 10.0

Q10 You found your technician to be well informed 73.3 13.3 10.0 0.0 3.3

Q12 You found your environment to be comforting throughout your

treatment

73.3 23.3 0.0 0.0 3.3

Q13 You are satisfied with your CoolSculpting treatment combined with

shockwave therapy overall

43.3 26.7 6.7 10.0 13.3

Table 2 The five-point Likert scale questionnaire was also divided

into four main categories as follows: the degree of comfort during and

after treatment; overall satisfaction with the treatments; body image

improvement and expectation; and if they would recommend the

combination treatment to others

Comfort (%) Satisfaction (%) Image and expectation (%) Recommendation (%)

Agree or strongly agree 76.7 68.4 57.7 68.9

Neutral 10.0 8.4 18.9 15.6

Disagree or strongly disagree 13.3 23.3 21.1 15.6

Fig. 3 Overall satisfaction. In

our study, 76.7% of patients

found the combination therapy

(CoolSculpting and shockwave

therapy) comfortable, 68.3%

were satisfied with the

procedures, and the majority of

patients (68.9%) described the

discomfort associated with

treatment as minimal or

tolerable and were prepared to

recommend CoolSculpting

treatment followed by

shockwave therapy to friends

Aesth Plast Surg (2021) 45:2317–2325 2321

123



to be comfortable. Sixty-seven percent of the patients

found the results of CoolSculpting satisfactory, and 60.0%

said the results of the combination therapy met their

expectations. Sixty-three percent of patients said the

combination therapy positively impacted their lives, and

66.7% would recommend the combination therapy to their

family and friends. Overall, 70.0% of patients were satis-

fied or strongly satisfied with the results of the combination

of CoolSculpting and shockwave therapy (Table 1). The

five-point Likert scale questionnaire (Q) was also divided

into four main categories as follows: the degree of comfort

during and after treatment (Q2, Q3, Q12); overall

satisfaction with the treatments (Q4, Q13); body image

improvement and expectation (Q5, Q6, Q7); and if they

would recommend the combination treatment to others

(Q8, Q9, Q10). An average score for each category was

then calculated and recorded (Table 2). Overall, 76.7% of

patients found the combination therapy comfortable, 68.4%

were satisfied with the results, 57.7% said the results met

their expectations (Fig. 3). The majority of patients

(68.9%) described the discomfort associated with treatment

as minimal or tolerable and were prepared to recommend

CoolSculpting treatment followed by shockwave therapy to

friends (Figs. 4, 5, 6).

Fig. 4 Patient No 1. a Frontal

view, b left oblique view, c left

lateral view. Pre- and post-

images of a 41-year-old female

that received one cryolipolysis

session followed by shockwave

therapy. During her session, she

received two treatment cycles

on her lower abdomen. Clinical

photographs a, b, and c show

subcutaneous fat reduction

between baseline (left) and 3

months posttreatment (right)
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Discussion

The most important aspects of body contouring methods

are patient safety, comfort, satisfaction and self-image

improvement. With an increased number of noninvasive fat

reduction and body contouring techniques and advances in

these technologies, and high interest in noninvasive fat

reduction methods, cryolipolysis popularity has signifi-

cantly increased [4]. Clinical studies have shown nonin-

vasive controlled cold treatment induces selective

destruction of fat cells and selectively damages subcuta-

neous fat without harming the overlying skin or any

changes in serum lipid levels [19–21]. Lipid-rich fat cells

are more susceptible to apoptosis induced by cold than

other types of cells. Previous studies have shown cry-

olipolysis to be safe and efficient in removing up to 25% of

the fat layer in the treated areas with a high level of patient

satisfaction [19, 22]. However, it takes between 4 to 8

weeks before damaged fat cells are digested by macro-

phages, adsorbed or eliminated from the body and

Fig. 5 Patient No 2. a Frontal

View, b left oblique, c posterior

view. Pre- and post-images of a

47-year-old female that received

one cryolipolysis session

followed by shockwave therapy.

During treatment, she received

two treatment cycles on her

upper abdomen, one cycle on

lower abdomen, two cycles on

bra fat, and two cycles on

flanks. Clinical photographs a,

b and c show reduction of fat

from baseline (left) and 3

months posttreatment (right)
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noticeable changes in subcutaneous fat are observed. Also,

it may take up to 12 weeks to visualize the final results. To

increase the fat removal process’s efficiency, decrease

tissue swelling around the treated areas and eliminate

variability in manual massages, we used shockwave ther-

apy immediately after cryolipolysis treatment. Shockwave

therapy has been shown to activate the biological response

in treated areas and improve tissue regeneration and heal-

ing by increasing proliferation factors. It also increases

collagen production and reduces the inflammatory phase

and wound infection risk [23, 24]. Shockwave therapy has

also been shown to relieve pain around treated areas and

wound [14, 25–27]. Mechanical movement and pressure

produced by shockwave therapy increase cell membrane

permeability and metabolism within treated areas and lead

to increased circulation and faster removal of the damaged

fat cells after cryolipolysis treatment [28].

Conclusion

A previous study has shown a combination of cryolipolysis

and shockwave therapy induces a substantial fat thickness

reduction [3, 29]. It might also lead to a reduction of pain

in patients treated with cryolipolysis. One of the patients

who had received CoolSculpting combined with manual

massage therapy before reported better and faster results

with less posttreatment discomfort when treated with our

new protocol, where we used shockwave therapy after

CoolSculpting treatment. In this study, we found an overall

high satisfaction rate for most of our patients when treated

with a combination of CoolSculpting and shockwave

therapy. Therefore, we recommend shockwave therapy,

following cryolipolysis treatment, as an alternative to

current prescribed posttreatment procedures to further

improve patient comfort and satisfaction.
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