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In women, the fat mass represents 20 to 25 per-
cent of the total body weight. There are two 
types of fat: subcutaneous fat, also known as 

“genetic” fat; and deeper “metabolic” fat. The fas-
cia superficialis separates the two. The presence 
of excessive fat deposits has consequences, both 
physical (e.g., increased risk for cardiovascular dis-
ease, type 2 diabetes mellitus, some cancers, joint 
disorders) and psychological (e.g., negative body 
image, social rejection).1 Measures to reduce body 
fat deposits need to be implemented; however, 
genetic fat is not much affected by the usual mea-
sures of diet and exercise, as it is resistant to the 
effects of catecholamines and is sometimes also 
insulin-resistant. This is true of fat in the saddle-
bag area. The saddlebags are constitutional excess 

fat in the trochanteric region in young women. 
Body aging may also be accompanied by excessive 
fat deposits in this area. The saddlebag area is dif-
ferent from other areas with excessive fat deposits 
in that it is also a fibrous area.1,2

Surgical treatment is one option for fat 
removal. There is rising demand worldwide for 
procedures for fat mass removal for cosmetic rea-
sons.3 Liposuction is a commonly used procedure; 
however, it requires local or general anesthesia 
and is associated with acute complications such as 
hematoma, hemorrhage, and edema, in addition 
to long-term sequelae such as permanent skin 
surface irregularities, skin sagging, and cellulite 
worsening. Several noninvasive techniques such 
as low-level laser therapy, high-intensity focused 
ultrasound, radiofrequency, and cryolipolysis have 
also been used to reduce subcutaneous fat through 
adipocyte apoptosis or necrosis. Cryolipolysis is 

Disclosure: The authors have no financial interest 
to declare in relation to the content of this article.Copyright © 2017 by the American Society of Plastic Surgeons

DOI: 10.1097/PRS.0000000000003433

Lucille Adjadj, M.D.
Mounia SidAhmed-Mezi, 

Ph.D.
Marine Mondoloni, M.D.

Jean Paul Meningaud, M.D., 
Ph.D.

Barbara Hersant, M.D.

Créteil, France

Background: Cryolipolysis is a noninvasive subcutaneous fat removal tech-
nique. Its efficacy has been demonstrated on various fatty areas but not yet on 
saddlebags. The main objective of this study was to demonstrate the efficacy, 
patient tolerance, and safety of cryolipolysis on the saddlebags.
Methods: This prospective study enrolled 53 patients with saddlebags. Patients 
with a history of liposuction or other surgical procedure on the saddlebag area 
and those on diet pills were excluded. The primary endpoint was a decrease in 
fat thickness at 3 and 6 months, as assessed by thigh circumference measure-
ment and by ultrasound evaluation of subcutaneous fat. Pain associated with 
cryolipolysis was assessed using a visual analogue scale. Body mass index at the 
different time points and adverse events were recorded. All patients completed 
a satisfaction questionnaire at the end of the study.
Results: At 6 months, there was a mean decrease of 5.63 cm in thigh circum-
ference; the mean decrease in fat layer thickness measured by ultrasound was 
1.31 cm. The satisfaction questionnaire showed that 93.75 percent of patients 
were satisfied with the results. The mean visual analogue scale score was 1.66 of 
10 after the session. Reversible skin changes such as postprocedure postinflam-
matory hyperpigmentation were observed in 8.33 percent of patients.
Conclusions: Cryolipolysis is an effective technique for reducing saddlebag fat 
and is well tolerated by patients. A substantial risk of skin lesions, including 
postinflammatory hyperpigmentation that resolved after a few months, was 
observed. Cryolipolysis is a good alternative to liposuction in women with mod-
erate, well-localized saddlebags.  (Plast. Reconstr. Surg. 140: 50, 2017.)
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presently accepted as the gold-standard noninva-
sive technique for subcutaneous fat reduction in 
areas such as the abdomen, flanks, inner knees, 
inner thighs, back, and arms.3–5 Its efficacy in 
these areas has been demonstrated,6 but there has 
been only one study to date on cryolipolysis in the 
saddlebag area.7 The main objective of the pres-
ent study was to demonstrate the efficacy of cryo-
lipolysis on saddlebag excess fat and to examine 
patient tolerance and the safety of the procedure.

PATIENTS AND METHODS
The study was conducted in accordance with 

globally accepted standards of Good Clinical Prac-
tice (ICH-E6), European Directive 2001/20/EC, 
and the revised version of the Declaration of Hel-
sinki set out in the European Directive. All patients 
provided written informed consent to participate. 
This prospective study enrolled 53 volunteer 
women with localized excessive fat deposits at the 
saddlebags. Patients were excluded if they had (1) 
a history of liposuction or other surgical proce-
dure on the saddlebag area, (2) been taking diet 
pills 1 year preceding the session, (3) a history of 
an eating disorder, or (4) any contraindication to 
the procedure.

Methods
Cryolipolysis was performed using CryoSlim 

(BFP Electronique, Montrodat, France) (Fig.  1). 
The same operator (A) performed the procedure 
in all patients. Each patient underwent one cryo-
lipolysis session of 55 minutes at a temperature of 
−2°C and a depression of −300 mbar centered on 
the saddlebags, followed by 5 minutes of energetic 
manual massage with kneading motions (this is the 
approach used in most aesthetic centers in France).

The procedure was performed with the 
patient in the prone position. No analgesics or 
sedatives were administered before the proce-
dure. The cryode was placed directly on the skin; 
no strap was used because the cryode aspiration 
of −300 mbar enabled its fixation on the skin in 
less than 2 minutes. However, pillows were placed 
under the cryodes to ensure patient comfort and 
prevent the tissues being pulled down by the 
cryode fixed on the skin. The handpiece was 25 
× 15 cm, with an oval form that was adapted to 
the saddlebags and covered them entirely. Both 
thighs received the same treatment. The cryoli-
polysis cryodes were disinfected between each 
use. No pain medication was administered after 
the session. Patients were allowed to resume their 
daily activities immediately after the session. They 
were asked not to change their lifestyle (particu-
larly with regard to diet and daily exercise) dur-
ing the study period.

The primary endpoint was the decrease in 
saddlebag pannus thickness as assessed by change 
in thigh circumference and ultrasound measure-
ment of subcutaneous fat layer thickness at 3 and 
6 months. Thigh circumference (in centimeters) 
was measured by the same operator (B) in all 
patients; measurement was made in both thighs 
at the level of the greater trochanter, with the 
patient standing and with their feet together. The 
Vscan ultrasound system (GE Healthcare, Ving-
med Ultrasound AS, Horten, Norway) was used 
for measuring subcutaneous fat layer thickness 
(on the same side for each patient in alignment 
with the most projected area of the excess fat) 
before the session and at 3 and 6 months after 
treatment (Fig. 2).

A visual analogue scale, ranging from 0 (no 
pain) to 10 (severe pain), was used to assess 
patient tolerance of the procedure. All adverse 
events were recorded (operator A). Frontal, back, 
and right and left profile photographs were taken 
before the session and at 3 and 6 months after the 
procedure for each patient. At the final follow-up 
at 6 months, all patients completed a 10-item satis-
faction questionnaire.

Statistical Analysis
Graphical representations and statistical anal-

ysis were performed using JMP 12 software (SAS 
Institute, Inc., Cary, N.C.). A linear model with 
leverage test was used to compare the results of 
different parameters over time. Means were com-
pared using one-way analysis of variance followed 
by a post hoc Dunnett test. Statistical significance 
was set at p ≤ 0.05.Fig. 1. The CryoSlim device.
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RESULTS
Of the 53 patients enrolled in the study, five were 

lost to follow-up (two at the 3-month visit and three 
at the 6-month visit). The results for the remain-
ing 48 patients were included in the final analysis. 
The mean age of the patients was 38 ± 11 years. 
The mean body mass index was 23.61 ± 3.91 kg/m2  
at baseline, 23.54 ± 3.71 kg/m2 at 3 months, and 
23.25 ± 3.79 kg/m2 at 6 months (p = 0.559). Analy-
sis of the linear model (Fig. 3) showed a significant 
decrease in thigh circumference (p = 0.0001) and in 
subcutaneous fat layer thickness (p < 0.0001). The 
mean thigh circumference was 102.56 ± 8.3 cm at 

day 0, 99.75 ± 5.75 cm at 3 months (p = 0.006), and 
96.93 ± 5.57 cm at 6 months (p = 0.0003) (Table 1). 
The mean decrease in thigh circumference was 
2.81 cm (2.7 percent) at 3 months and 5.63 cm (5.5 
percent) at 6 months (Fig. 4). The mean subcuta-
neous fat layer thickness was 3.4 ± 1.51 cm at day 0, 
2.45 ± 1.25 cm at 3 months (p = 0.0002), and 2.09 
± 0.87 cm at 6 months (p < 0.001) (Table 1). The 
mean decrease in fat layer thickness was 0.95 cm 
(27.95 percent) at 3 months and 1.31  cm (38.53 
percent) at 6 months.

With regard to adverse events, 30 patients 
(62.5 percent) experienced erythema after the 

Fig. 2. Measurement of subcutaneous fat thickness with ultrasound. The measurement was performed 
with the ultrasound probe held perpendicular to the skin surface; the measurement was obtained at the 
point where the subcutaneous fat layer was thickest.

Fig. 3. Multiple linear analysis of the thigh circumference (left) and the saddlebag fat layer thickness (right).
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session; the erythema subsided after a mean dura-
tion of 15 hours. Skin hyperpigmentation corre-
sponding to the shape of the handpiece was seen 
on day 2 in four patients (8.33 percent) (Fig. 5). 
This was diagnosed as postinflammatory hyperpig-
mentation at the Department of Dermatology and 
treated with a dermocorticoid cream and a skin 
emollient. At 6-month follow-up the pigmentation 
was still present for one patient but was consider-
ably reduced (Fig. 6). We contacted this patient at 
1 year after treatment and this hyperpigmentation 

was gone. There were no delayed adverse events 
in any patient.

The patient satisfaction questionnaire com-
pleted at the end of the study showed that the 
majority of patients were satisfied with the results 
of the procedure, with 47 patients (89.58 per-
cent) stating that they would recommend cryoli-
polysis for treatment of saddlebags to their friends 
(Table 2). Of the 48 patients, 44 (83.33 percent) 
underwent a further cryolipolysis session on 
another body area.

Table 1.  Results of Thigh Circumference and Subcutaneous Fat Thickness Measured at Day 0, 3 Months,  
and 6 Months

 
 

 
Day 0

 
3 Mo

 
6 Mo

p*

Day 0 vs. 3 Mo Day 0 vs. 6 Mo

Mean thigh circumference ± SD, cm 102.56 ± 8.31 99.75 ± 5.75 96.93 ± 5.57 0.006 0.0003
Mean subcutaneous fat thickness ± SD, cm 3.4 ± 1.51 2.45 ± 1.25 2.09 ± 0.87 0.0002 0.001
*One-way analysis of variance followed by a post hoc Dunnett test.

Fig. 4. Photographs of patients with saddlebags at day 0 (left) and at 6 months (right).
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DISCUSSION
In this study, we examined the efficacy of cryo-

lipolysis in the treatment of the saddlebag area 
in women and found that the method could pro-
duce significant reduction in subcutaneous fat 
layer thickness and thigh circumference. There 
were only a few minor adverse events, and patient 
satisfaction was high.

Adipocytes are the most cold-sensitive cells. 
Cryolipolysis induces permanent, selective, 

subcutaneous adipocyte damage. It reproduces 
cold panniculitis, leading to lipoatrophy followed 
by progressive removal of apoptotic fat cells.8 The 
lower the temperature and the longer the expo-
sure, the faster the progression of adipocytes 
toward apoptosis.9 The pathophysiology of fat 
removal is explained by a periadipocyte lympho-
cytic inflammatory infiltration, which is related to 
the crystallization of triglycerides. The intensity of 
the lymphocyte infiltration correlates well with the 

Fig. 5. Two examples of cryolipolysis-induced hyperpigmentation. The photographs were 
taken 15 days after treatment.

Fig. 6. Progressive decrease in hyperpigmentation after cryolipolysis: 2 weeks after treat-
ment (left) and 6 months after treatment (right).
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rate of fat removal. The lymphocyte infiltration is 
followed by macrophage phagocytosis and inter-
lobular septal breaks.9 The inflammatory process 
starts 2 to 14 days after treatment and continues 
for up to at least 4 months.10

Cryolipolysis is considered a safe procedure. 
The few contraindications include cryoglobuline-
mia, paroxysmal hemoglobinuria, cold urticaria, 
and local skin lesions.

The sequence of events following cryolipolysis 
has been previously studied. In a prospective study 
conducted on pigs, the researchers used histologic 
analysis to examine the effect of cryolipolysis on 
subcutaneous fat. They found that between day 0 
and day 30, the adipocyte lipid fraction decreased 
from 97 percent to 52 percent because of a peri
adipocyte inflammation followed by irreversible 
apoptosis and macrophage phagocytosis.9 Excel-
lent hematologic and neurologic tolerance has 
been demonstrated, with the lipid profile and liver 
function being unaffected by cryolipolysis.11,12 Fur-
thermore, neurologic assessment and biopsy have 
shown no evidence of peripheral nerve injury.13

An earlier clinical study by Dierickx et al., 
which included 518 patients, showed a mean 
decrease in subcutaneous fat layer thickness by 
22.4 percent at 4 months and 22.5 percent at 6 
months.14 In our study, we observed significant 
decrease in thigh circumference (by 5.5 percent, 
or 5.63 cm) and in subcutaneous fat thickness (by 
38.53 percent, or 1.31 cm) at 6 months. All of our 
patients experienced a decrease in subcutane-
ous fat thickness at 3 and 6 months, regardless of 
whether or not they had any change in weight.

There has been only one earlier study that has 
focused on the cryolipolysis in the saddlebag area.14 
The study included 40 patients who underwent a 
2-hour session. The authors reported a 2.6-cm 

decrease in subcutaneous fat thickness as measured 
by ultrasound at 4 months. Unfortunately, the 
authors do not specify the temperature used and 
the presence or absence of depression of the cryo-
des. Moreover, no manual massage was performed, 
and the follow-up period was only 4 months.

The effect of postsession energetic manual 
massage has been studied earlier in a series of 
17 patients who underwent massage of only 2 
minutes after a 1-hour cryolipolysis session. The 
study showed highly satisfactory results in terms of 
increased efficacy and no increased risk of adverse 
effects.15

A limited number of studies have assessed 
the long-term efficacy of cryolipolysis. Bernstein 
showed that the effect of subfascial fat removal per-
sisted even 5 years after cryolipolysis, regardless of 
patient weight change, indicating that there was 
no adipocyte regeneration in the treated area.5,16 
Our study showed that the beneficial effect of 
cryolipolysis on the reduction in subcutaneous fat 
layer thickness lasts at least up to 6 months.

In our series, we observed seven patients 
(14.58 percent) who had thigh circumference 
stabilization or increase despite having an ultra-
sound-demonstrated decrease in subcutaneous 
fat thickness. All patients whose thigh circumfer-
ence increased had gained at least 1 body mass 
index point over the baseline body mass index. 
We considered the possibility that stabilization or 
increase in thigh circumference at the follow-up 
visit was related to the menstrual cycle. On ques-
tioning the patients, we found that 86 percent 
(six of seven) were in the premenstrual or peri-
menstrual phase, which suggests that hormone-
induced tissue edema may have been responsible 
for the increase in thigh circumference in these 
patients.17

Table 2.  Results of the Patient Satisfaction Questionnaire Completed 6 Months after Cryolipolysis*

Question %

1. Are you overall satisfied to have undergone a saddlebag cryolipolysis session? 93.75
2. Would you recommend this session to your friends? 89.58
3. Did you experience pain after the session? If yes, for how long? 8.33†
4. Did you experience a postsession erythema? If yes, for how long? 62.5‡
5. Did your skin aspect improve after the session (cutaneous trophicity, cellulite)? If yes, which one? 56.25
  ���  Trophicity 45.83
  ���  Cellulite 35.42
6. If your skin aspect improved, did it last until now? 50
7. Do you have cryolipolysis sequelae (pain, sensitivity disorder, hypopigmentation/hyperpigmentation) today?  
  ���  Pain 0
  ���  Sensitivity disorder 0
  ���  Hyperpigmentation 2.08
8. After this first experience of cryolipolysis centered on the saddlebags, would you be interested in undergoing a 

session on other areas of your body? 83.33
*Results are expressed as a percentage of positive responses.
†2 hr 30 min per patient.
‡15 hr per patient.
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Cryolipolysis has been used in combination 
with external ultrasound. The combination appears 
to alter the structure of collagen fibers and is asso-
ciated with improved microcirculation because 
of neoangiogenesis. Excellent results in terms of 
skin trophicity and reduction in subcutaneous fat 
thickness have been demonstrated with combined 
therapy. In 50 patients with saddlebags, mean reduc-
tions of 3.02 cm in subcutaneous fat thickness and 
4.45 cm in thigh circumference were observed.18

In our study, before the procedure, patients 
were informed that they could experience post-
cryolipolysis numbness. This did occur in all 
patients, but it resolved completely in less than 
4 hours. One study that included 438 patients 
assessed the safety of cryolipolysis.8 No moderate/
severe or prolonged adverse event was encoun-
tered over 4 weeks of follow-up. The adverse effects 
seen included erythema lasting 10 minutes (100 
percent); discomfort during the first 8 minutes of 
treatment (100 percent); bruising (8.4 percent); 
hypoesthesia/dysesthesia/pruritus at the treated 
area, which resolved in less than 1 month (0.4 per-
cent); and clinically significant panniculitis, which 
resolved in less than 1 month (2.5 percent). There 
were no cases of hematoma or skin necrosis. The 
authors concluded that cryolipolysis had excellent 
safety. In our study, we observed four cases (8.33 
percent) of postcryolipolysis hyperpigmentation. 
This was probably because we used a temperature 
of −2°C, whereas a temperature of 0°C or −0.5°C is 
generally used.15,18 All cases of hyperpigmentation 
occurred in patients with a dark skin phototype 
(Fitzpatrick type III/IV). In three patients, the 
hyperpigmentation had completely resolved at 
the 6-month visit; in one patient (2.08 percent), 
although the hyperpigmentation persisted, it was 
considerably reduced, suggesting that it would 
likely disappear over the coming months (Figs. 4 
through 6). Two mechanisms could be respon-
sible for the postcryolipolysis hyperpigmentation: 
burns and hemosiderin deposition in the der-
mis.19 The use of an interface may decrease the 
likelihood of this complication.

Before undergoing cryolipolysis, patients 
should be informed of the potential risk of skin 
lesions such as hyperpigmentation or erythema 
(appearing, on average, 15 hours after cryolipoly-
sis). The risk of skin lesions is minimal compared 
with liposuction, which systematically causes con-
siderable and often painful postoperative bruising, 
associated with thin subcutaneous hematomas. 
Patients should also be warned of the small risk of 
paradoxical adipose hyperplasia, which is seen in 
one in 20,000 treated patients (an incidence rate 

of 0.0051 percent). However, the risk of long-term 
skin lesions is still unknown.20,21

CONCLUSIONS
Cryolipolysis is a noninvasive technique that 

could be a good alternative to liposuction in 
patients with moderate excess fat. This prospec-
tive study showed that cryolipolysis is well toler-
ated and effective for reduction of saddlebags; it 
produced significant decreases in thigh circum-
ference by 5.63 cm and subcutaneous fat thickness 
measured by ultrasound by 1.31 cm at 6 months. 
Only minor self-limited skin lesions such as hyper-
pigmentation and erythema were encountered. 
Studies are needed to determine whether the use 
of an interface between the applicator and the 
patient will help lessen or eliminate skin sequelae. 
It would also be interesting to determine the dura-
tion of the efficacy of cryolipolysis after a single 
session and the ideal temperatures to be used on 
different body areas to optimize the efficacy of the 
procedure without increasing the risks. The use of 
a three-dimensional camera for accurate quanti-
fication of the amount of fat that is phagocytized 
should also be considered.
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