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ABSTRACT

Background. The success of liver stiffness measurement (LSM) by transient elastography (TE, FibroScan) is
influenced by anthropometric factors. In smaller adults, the M probe may fail due to narrow intercostal
spaces and rib interference. We aimed to compare LSM using the FibroScan S2 (pediatric) probe with the
M probe in small adults with chronic liver disease. Material and methods. In this prospective study, 41
liver disease patients and 18 controls with a thoracic perimeter ≤ 75 cm underwent LSM using the FibroS-
can M and S2 probes. TE failure was defined as no valid LSMs and unreliable examinations as < 10 valid
LSMs, an interquartile range (IQR)/LSM > 30%, or success rate < 60%. Results. TE failure was not observed
and reliability did not differ between the M and S2 probes (86% vs. 95%; P = 0.20). Liver stiffness measu-
red using the M and S2 probes was highly correlated (ρ = 0.81; P < 0.0005) and median liver stiffness did
not differ between probes (4.5 vs. 4.4 kPa; P = 0.10). However, in participants with a skin-capsular distance
≥ 15 mm, median liver stiffness was higher using the S2 probe (5.5 vs. 4.9 kPa; P = 0.008). When compared
with validated liver stiffness cut-offs, the S2 probe would have overestimated the stage of fibrosis compa-
red with the M probe in 10% of patients. Conclusions. The FibroScan S2 probe does not improve the feasi-
bility of LSM in adults of smaller stature and may overestimate liver stiffness compared with the M probe.
The FibroScan M probe should remain the preferred tool for LSM in small adults with chronic liver disease.
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ORIGINAL ARTICLE

INTRODUCTION

In patients with chronic liver disease, accurate
staging of fibrosis is critical for estimating progno-
sis and management decisions. Transient elastogra-
phy (TE) using the FibroScan (Echosens; Paris,
France) is an accurate, noninvasive method for eva-
luating liver stiffness as a surrogate of liver fibro-
sis.1,2 TE was first studied in patients with chronic
hepatitis C,3,4 but has now been validated in adult
and pediatric populations with various liver disor-
ders.5-8 The diagnostic performance of TE is exce-

llent for cirrhosis and moderate for significant fibro-
sis.5,9,10 In light of its accuracy, simplicity, rapid re-
sults, patient acceptance, and ease of incorporation
into an outpatient clinical setting, TE has gained
widespread use in many countries.5,6

While TE represents an attractive alternative to
liver biopsy, the feasibility and accuracy of liver sti-
ffness measurement (LSM) using the FibroScan are
heavily influenced by anthropometric factors. Nume-
rous studies have shown that obesity and other co-
rrelated factors (e.g. thoracic fold thickness, waist
circumference, and the distance between the skin
and liver capsule) are important determinants of Fi-
broScan failure and unreliable results, which occur
in approximately 5% and 15% of patients, respective-
ly.6,11-19 Moreover, subcutaneous adipose tissue may
lead to overestimation of liver stiffness. As a result,
a novel FibroScan probe (the ‘XL’ probe) that has a
greater vibration amplitude and measurement depth
compared with the standard M probe has been desig-
ned specifically for use in obese patients.14,15 The XL
probe facilitates LSM in a significantly greater
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number of obese patients than the M probe, while
maintaining comparable accuracy.17

Thus far, minimal attention has been paid to pa-
tients at the opposite end of the size spectrum; name-
ly adults of smaller stature. Although the prevalence
of obesity is rising, smaller adults represent an im-
portant reservoir of liver disease in many regions
(e.g. those with chronic viral hepatitis in Southeast
Asia). In these patients, the standard FibroScan M
probe (with a 9 mm tip diameter) may inaccurately
assess liver stiffness because the narrow intercostal
spaces in these patients may make it difficult to ob-
tain an unobstructed window for LSM. This interfe-
rence may cause TE failure, an unreliable result, or
overestimation of liver stiffness. Therefore, it may
be more appropriate to use the FibroScan S2 probe,
which was designed for use in pediatric patients due
to the smaller diameter of its probe (7 mm). Al-
though a reasonable approach, the more superficial
measurement depth of the S2 probe compared with
the M probe (20 to 50 mm vs. 25 to 65 mm from the
skin) could lead to liver stiffness overestimation due
to interference from subcutaneous adipose tissue
within the region of measurement.

In light of these uncertainties, the objective of
this prospective study was to compare the feasibility
and reliability of LSM using the FibroScan M and
S2 probes, and to compare the correlation between
these measures, in adults of small stature and chro-
nic liver disease.

MATERIAL AND METHODS

Patients and recruitment

In this prospective study, adults (≥ 18 years) with
chronic liver disease of any etiology and a thoracic
perimeter measured at the xiphoid process ≤ 75 cm
were recruited from the University of Calgary Liver
Unit between March and April 2012. A cohort of
healthy controls with no history of liver disease and
a thoracic perimeter ≤ 75 cm were also recruited. In-
dividuals with a thoracic perimeter > 75 cm or con-
traindications to LSM (e.g. pregnancy, ascites,
implantable cardiac devices, etc.) were ineligible.
The Conjoint Health Research Ethics Board at the
University of Calgary approved the study protocol.

Clinical data

Before TE examination, demographic information
(age, gender, race/ethnicity), etiology of liver disea-
se, and anthropometric measurements (weight, height,

BMI, and thoracic perimeter) were obtained. In addi-
tion, biochemical data including liver biochemistry,
platelets, albumin, and bilirubin were recorded.

Liver stiffness measurement

All study participants underwent LSM using the
FibroScan M and S2 probes by a single experienced
operator with > 3,000 prior examinations.6 Previous
studies have shown that intraobserver agreement
by experienced operators is nearly perfect (intra-
class coefficient, 0.99).20 Briefly, with the patient
lying in the dorsal decubitus position, the tip of the
transducer probe was placed on the skin between
the ribs over the right lobe of the liver. Assisted by a
sonographic image, a portion of the liver at least 6 cm
thick and free of large vascular structures was
identified using a portable 10 MHz ultrasound
transducer (Mindray DP-6600; Mindray, Shenzhen,
China). At this site, the distance between the skin
and liver capsule (skin-capsular distance) was mea-
sured and at least 10 valid measurements were co-
llected with each probe. Specific differences between
the M and S2 probes include their central ultra-
sound frequency (3.5 vs. 5 MHz), vibration amplitu-
de (2 vs. 1 mm), tip diameter (9 vs. 7 mm), and
measurement depth from the skin surface (25-65 vs.
20-50 mm). The manufacturer recommends that the
S2 probe be used in patients with a thoracic perime-
ter ≤ 75 cm (Appendix). Examinations with no suc-
cessful measurements after at least 10 attempts were
deemed failures. The median liver stiffness value (in
kPa) was considered representative of the elastic
modulus of the liver. As an indicator of variability,
the ratio of the interquartile range (IQR) of liver stif-
fness to the median value (IQR/M) was calculated.
Examinations with fewer than 10 valid measure-
ments or an IQR/M > 30% or a success rate < 60%
were considered potentially unreliable.

Statistical analyses

Patient characteristics and clinical data were des-
criptively summarized and are reported as medians
(IQR) and proportions. Between groups compari-
sons were made using Fisher’s exact for categorical
variables, and Mann-Whitney and Wilcoxon matched
pairs sign-rank tests for continuous variables, as
appropriate. Spearman correlation coefficients (ρ)
between liver stiffness measured using the M and S2
probes were determined. Further analyses of the
agreement between probes were performed using
Bland-Altman plots of the intra-individual differences
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in LSMs with each probe versus the mean measure-
ment.21 In a post hoc fashion, the same analysis was
repeated using FibroScan data that was reprocessed
by Echosens to measure liver stiffness in the same
region of interest (25-50 mm from the skin). To de-
termine the extent to which any differences in liver
stiffness measured using the two probes may in-
fluence clinical decision-making, patients were cate-
gorized into four fibrosis categories with each probe
using universal liver stiffness cut-offs identified as
optimal in the systematic review by Tsochatzis, et al.
These thresholds were derived for use with the M
probe (no or minimal fibrosis [F0-F1], < 7.2 kPa;
moderate fibrosis [F2], 7.2-9.5 kPa; severe fibrosis
[F3], 9.6-14.4 kPa; and cirrhosis [F4], > 14.4
kPa).22 The proportion of patients with a discrepan-
cy in fibrosis classification between the two probes
was determined. Finally, subgroup analyses were
conducted according to median BMI (< 21 vs. ≥ 21
kg/m2) and skin-capsular distance (< 15 vs. ≥ 15
mm). We hypothesized that any differences in liver
stiffness measured using the M and S2 probes would
be greatest in patients with higher BMI and/or skin-
capsular distance due to the influence of subcuta-
neous adipose tissue in larger patients (i.e.
overestimation of liver stiffness).17

All statistical analyses were performed using Sta-
ta v11 software (StataCorp; College Station, TX).
Two-sided P-values < 0.05 were considered statisti-
cally significant.

RESULTS

Patient characteristics

Between 1 March 2012 and 2 April 2012, 43 pa-
tients and 19 controls were screened for the study.
Three subjects were excluded (2 patients and 1 con-
trol) due to a thoracic perimeter > 75 cm. Characte-
ristics of the remaining 59 participants (41 patients
and 18 controls) are outlined in Table 1. Eighty-eig-
ht percent (n = 52) were female and the median age
was 38 (IQR 30-50) years. The majority was of Asian
(46%) or Caucasian (32%) race/ethnicity. The me-
dian thoracic perimeter, body weight, and BMI were
71 cm (IQR 69-73; range 57-75 cm), 51 kg (IQR 48-
55; range 40-64 kg), and 20.6 kg/m2 (IQR 18.5-21.9;
range 15.6-25.1 kg/m2), respectively. The median
skin-capsular distance was 14.8 mm (IQR 12.2-16.2;
range 10.0-19.7 mm); no participant had a skin-cap-
sular distance exceeding 20 mm (the measurement
depth of the S2 probe). The majority of patients
(66%) had chronic hepatitis B or C; 10% had prima-

ry biliary cirrhosis; 7% had autoimmune hepatitis;
and 5% had alcoholic liver disease. Compared with
liver disease patients, control subjects were younger
(median age, 45 vs. 28 years; P = 0.0001) and had a
shorter median skin-capsular distance (15.3 vs.
13.1 mm; P = 0.007), but the median BMI (20.8
vs. 20.3 kg/m2; P = 0.66) and thoracic perimeter (72 vs.
70 cm; P = 0.09) did not differ between groups (Table 1).

Feasibility and reliability of
LSM with the FibroScan M and S2 probes

Table 2 compares the feasibility and reliability of
LSM using the S2 and M probes. Both probes achie-
ved at least 10 valid measurements in every partici-
pant (i.e. no failures were observed). Variability
between LSMs, as assessed by the ratio of IQR/M,
was not significantly different between probes (P =
0.24). Similarly, reliable LSM (defined as ≥ 10 valid
measurements, an IQR/M ≤ 30%, and a success rate
≥ 60%) did not differ between the S2 and M probes
(95% vs. 86%; P = 0.20). Subgroup analyses accor-
ding to BMI (< vs. ≥ 21 kg/m2) and skin-capsular
distance (< vs. ≥ 15 mm) revealed no differences in
reliability between probes (data not shown).

Correlation between liver stiffness
measured using the M and S2 probes

Liver stiffness measured using the M and S2 pro-
bes was highly correlated (ρ = 0.81; P < 0.0005)
(Figure 1). The correlation between measurements
was higher among patients with liver disease
(ρ = 0.90; P < 0.0005) than controls (ρ = 0.53; P = 0.02)
and at lower liver stiffness values. The latter rela-
tionship was confirmed in a Bland-Altman plot
(Figure 2) which demonstrated a greater difference
in LSMs between probes at higher mean values
(Pitman’s test of difference in variance: r = 0.89;
P < 0.0005). Overall, median liver stiffness did not
differ significantly between the M and S2 probes
(4.5 kPa [IQR 3.7-6.1] vs. 4.4 kPa [IQR 3.6-6.5];
P = 0.10). The mean and median differences between
measurements were 0.8 kPa (95% CI -0.2 to 1.7)
(Figure 2) and 0.1 kPa (IQR -0.4 to 1.2), respective-
ly (with positive values indicating higher liver stiff-
ness with the S2 probe). When expressed as a
percentage of liver stiffness measured using the M
probe, the median difference was 2.5% (IQR -11% to
24%; range -54% to 53%).

When the liver stiffness data was reprocessed to
measure the same region of interest using both
probes (25 to 50 mm from the skin), the mean and
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Table 1. Characteristics of the study cohort.

Characteristics Patients (n=41) Controls (n=18) P-value

• Demographics
Female 90% (37) 83% (15) 0.66
Age, years 45 (33-53) 28 (26-36) 0.0001
Race

Asian 61% (25) 11% (2) 0.001
Caucasian 27% (11) 44% (8) -
South Asian 7% (3) 39% (7) -
Black 5% (2) 6% (1) -

• Anthropometrics
Weight, kg 52 (48-60; range 40-64) 50 (48-52; range 42-59) 0.22
BMI, kg/m2 20.8 (19-22; range 17-25) 20.3 (19-21; range 16-24) 0.66
Thoracic perimeter, cm 72.0 (70.0-73.0) 70.0 (69.0-71.5) 0.09
Skin-capsular distance, mm 15.3 (13-17; range 10-19.7) 13.1 (12-15; range 11-16) 0.007

• Liver disease etiology
Viral (HBV, HCV) 66% (27) - -
Primary biliary cirrhosis 10% (4) - -
Autoimmune hepatitis 7% (3) - -
Alcohol 5% (2) - -
Other 12% (5) - -

• Biochemistry*
ALT, IU/L (n = 38) 30 (18-60) - -
AST, IU/L (n = 25) 32 (24-50) - -
GGT, IU/L (n = 34) 29 (16-98) - -
Alkaline phosphatase, IU/L (n = 36) 72 (60-103) - -
Platelets, x 109/L (n = 36) 203 (170-248) - -
INR (n = 28) 1.0 (1.0-1.0) - -
Bilirubin, umol/L (n = 30) 8 (5-15) - -
Albumin, g/L (n = 33) 38 (36-40) - -

All data are median (IQR) or % (n), unless otherwise indicated. *Numbers in parenthesis indicate the number of patients with complete laboratory data.

Table 2. Feasibility and Performance of the FibroScan M and S2 Probes (n = 59).

Characteristic M Probe S2 Probe P-value

Failure (no valid measurements) 0% (59) 0% (59) -
≥ 10 valid measurements 100% (59) 100% (59) -
Median success rate 100% (100-100%) 100% (100-100%) 0.85
Median IQR/M 17% (12-25%) 17% (13-23%) 0.24
IQR/M ≤ 30% 86% (51) 95% (56) 0.20

Reliable LSM (≥ 10 valid measurements, 86% (51) 95% (56) 0.20
IQR/M ≤ 30%, and success rate ≥ 60%).

Median liver stiffness, kPa

Overall 4.5 (3.7-6.1) 4.4 (3.6-6.5) 0.10
BMI < 21 kg/m2 (n=33) 4.9 (4.0-6.0) 4.6 (3.6-6.5) 0.44
BMI ≥ 21 kg/m2 (n = 26) 4.2 (3.7-6.6) 4.4 (3.9-6.1) 0.11
SCD < 15 mm (n = 33) 4.5 (3.7-5.7) 4.1 (3.4-5.7) 0.73
SCD ≥ 15 mm (n = 26) 4.9 (3.8-6.1) 5.5 (4.2-7.1) 0.008

All data are percentage (n) or median (IQR). BMI: body mass index. LSM: liver stiffness measurement. SCD: skin-capsular distance.
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median differences between measurements were -
0.15 kPa (95% CI -0.6 to 0.3) and -0.10 kPa (IQR -
0.5 to 0.4), respectively (Figure 3). The absolute
difference between measurements within individual
patients did not differ significantly between the
analysis of raw and reprocessed data (P = 0.15).
However, among cases with a skin-capsular distance

≥ 15 mm, the difference between the S2 and M probe
measurements was reduced with the reprocessed
data compared with the raw data (P = 0.02).

In 54% of subjects (n = 32), liver stiffness was
greater using the S2 probe; in 41% (n = 24) it
was greater using the M probe; and in 5% (n = 3),
there was no difference. Subgroup analyses compa-
ring liver stiffness results measured using the M
and S2 probes among participants with a BMI < 21
kg/m2 (4.9 vs. 4.6 kPa; P = 0.44) and ≥ 21 kg/m2

(4.2 vs. 4.4 kPa; P = 0.11), and skin-capsular dis-
tance < 15 mm (4.5 vs. 4.1 kPa; P = 0.73) revealed
no significant differences. However, among those
with a skin-capsular distance exceeding 15 mm,

Table 3. Distribution of fibrosis stages as estimated by the S2
and M probes.

Fibrosis Fibrosis according to M probe
according F01 F2 F3 F4
to S2 probe (n = 48) (n = 5) (n = 2) (n = 4)

F01 (n = 47) 46 0 0 1
F2 (n = 6) 2 4 0 0
F3 (n = 2) 0 1 1 0
F4 (n = 4) 0 0 1 3

Discordance ≥ 1 stage between LSM using the S2 and M probes indicated
by grey squares. Universal liver stiffness cut-offs derived by Tsochatzis, et al.
for use with the M probe: F0-F1, < 7.2 kPa; F2, 7.2-9.5 kPa; F3, 9.6-14.4
kPa; and F4, > 14.4 kPa.22

Figure 1. Correlation between liver stiffness values mea-
sured using the M and S2 probes in patients with chronic liver
disease (black circles) and controls (white circles) (ρ = 0.81;
P < 0.0005).
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Figure 2. Bland-Altman plot of the difference between li-
ver stiffness measured using the S2 and M probes vs. the
mean measurement in patients with chronic liver disease
(black circles) and controls (white circles). A greater diffe-
rence in liver stiffness between probes was observed at higher
mean liver stiffness values (P < 0.0005). The solid horizontal
line represents the mean difference between probes (0.8 kPa
higher with the S2 probe; 95% CI -0.2 to 1.7) and the dashed li-
nes the 95% limits of agreement (-6.5 to 8.0 kPa).
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Figure 3. Bland-Altman plot of the difference between li-
ver stiffness measured using the S2 and M probes versus the
mean measurement using FibroScan data reprocessed to mea-
sure the same region of interest (25 to 50 mm below the skin)
for both probes. Patients with chronic liver disease are deno-
ted with black circles and controls with white circles. The so-
lid horizontal line represents the mean difference between
probes (-0.15 kPa; 95% CI -0.6 to 0.3) and the dashed lines the
95% limits of agreement (-3.9 to 3.6 kPa).
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median liver stiffness was higher when measured
using the S2 probe (5.5 kPa vs. 4.9 kPa using the M
probe; P = 0.008).

The clinical relevance of differences in liver stiff-
ness values measured using the M and S2 probes are
illustrated in Table 3. In 5 participants (8.5%) –
all with chronic liver disease– a clinically relevant
difference in fibrosis classification would have been
observed had the S2 probe been used instead of the
M probe. Excluding controls, the discordance rate
was 12% (5/41). In all but one patient with discor-
dance, the predicted fibrosis stage would have been
overestimated by one stage by the S2 probe. The dis-
cordance rate did not differ between patients with a skin-
capsular distance < 15 mm (6% [2/33]) vs. ≥ 15 mm
(12% [3/26]; P = 0.65).

DISCUSSION

This is the first study to prospectively compare
the feasibility and reliability of LSM using the Fi-
broScan M and S2 probe in adults of smaller statu-
re. We hypothesized that the S2 probe may facilitate
LSM in this patient population due to the smaller
diameter of the tip of its probe compared with the M
probe, yet may overestimate liver stiffness due to its
more superficial region of measurement. Our fin-
dings demonstrate that the S2 and M probes are
comparable with respect to feasibility and reliability.
However, the S2 probe may overestimate liver stiff-
ness in some patients, particularly those with a lar-
ger distance between the skin and liver capsule.

In our assessment of TE feasibility, the M and S2
probes had similar performance. Although most se-
ries report a TE failure rate of 3% to 5% in unselec-
ted cohorts,6,11-19 no failures were observed in our
study. This likely relates to our exclusion of pa-
tients with a thoracic perimeter > 75 cm, in whom
the skin-capsular distance may exceed the measure-
ment depth of the probes. Indeed, no study partici-
pant had a skin-capsular distance greater than
20 mm – the measurement depth of the S2 probe.
As the larger diameter of the M probe is not associated
with an increased risk of TE failure in smaller adul-
ts, interference with the propagation of TE impulses
by the ribs in these patients (who often have narrow
intercostal spaces) is a not of significant clinical
concern. We also failed to detect a significant diffe-
rence between probes in the ability to obtain a relia-
ble LSM, defined as ≥ 10 valid measurements, an
IQR/M ≤ 30%, and a success rate ≥ 60%. Overall, a
reliable result was obtained in 86% of participants
using the M probe and 95% with the S2 probe

(P = 0.20). The individual criteria composing this
definition of reliability were also similar between
probes (Table 2). Based on these findings, our data
suggest that LSM using the S2 probe does not im-
prove measurement success compared with the M
probe in smaller adults. Therefore, our findings do
not justify the additional cost of acquiring and
maintaining an S2 probe for clinicians who evaluate
only adult patients with liver disease.

In addition to comparing the feasibility of the M
and S2 probes, we confirmed the strong correlation
between liver stiffness measured using these devices
(ρ = 0.81; P < 0.0005). In a large multi-center stu-
dy of obese adults, Myers et al. observed similar
findings when comparing LSMs obtained using the
M and XL probes.17 Unlike that study, however,
we did not observe a statistically significant diffe-
rence between liver stiffness values obtained using
the S2 and M probes (Figure 2). Indeed, the mean
and median differences between measurements
were only 0.8 kPa (95% CI -0.2 to 1.7) and 0.1 kPa
(IQR -0.4 to 1.2), respectively (not significantly di-
fferent from zero). However, in the report of Myers
and colleagues, liver stiffness was approximately 1
to 2 kPa higher when measured using the M probe
compared with the XL probe. Elimination of this
bias in analyses in which the probes were recali-
brated to measure the same region of interest (both
35-65 mm and 35-75 mm from the skin) suggests
that these findings reflect the influence of adipose
tissue in the region of interest explored by the
M probe in obese patients, causing overestimation
of liver stiffness.17 In addition, heterogeneity in
hepatic fibrosis (e.g. greater fibrous tissue deposi-
tion in the subcapsular region) and the differences
in measurement depth between probes were postu-
lated to play a role. In the current study, the only
difference in LSMs between the S2 and M probes
was identified in subjects with a skin-capsular
distance exceeding 15 mm. In these individuals,
median liver stiffness was approximately 0.6 kPa
higher when measured using the S2 probe (Table
2). As recalibration of our data to the same region
of interest (25 to 50 mm from the skin) reduced the
bias between probes in these patients, we hypothe-
size that the more superficial measurement region
of the S2 probe at least partly explains this discre-
pancy due to overestimation of liver stiffness.
Moreover, when tested on phantoms with homo-
geneous stiffness distribution, the M and S2
probes give nearly identical results (V. Miette,
Echosens; unpublished data).
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In general, the interpretation of TE results is ba-
sed on comparisons with liver stiffness thresholds
validated for the diagnosis of specific fibrosis catego-
ries (e.g. F0-F1 vs. F2-F4).2 As such, we evaluated
the clinical relevance of differences in liver stiffness
measured using the M and S2 probes using univer-
sal cut-offs validated for the M probe versus liver
histology.22 As shown in Table 3, a discordance in fi-
brosis stage estimated by the M and S2 probes was
observed in 8.5% (5 of 59) of cases. In all but one of
these patients, the stage of fibrosis would have been
overestimated had the S2 probe been used instead of
the M probe. Although all discordant cases involved
overestimation by one stage only, these findings
could have important implications for individual pa-
tients. For example, in patients with chronic hepati-
tis B –many of whom would qualify for our study
due to their smaller stature (e.g. Asians)– antiviral
treatment is often targeted to patients with at least
stage 2 fibrosis. In our study, two of 48 patients
with no to mild fibrosis (F0-F1) using the M probe
would have been classified as having F2 fibrosis
using the S2 probe and potentially subjected to un-
necessary antiviral treatment. Likewise, one of two
patients with bridging fibrosis according to the M
probe would have been considered cirrhotic using
the S2 probe and enrolled in surveillance programs
for hepatocellular carcinoma and esophageal vari-
ces. Although our study lacks histological data to
confirm the true fibrosis stage in these patients,
these data lead one to further question the merits of
adopting the S2 probe for LSM in smaller adults.

Our study has several limitations. First, the small
sample size may have limited our ability to detect
significant differences between probes for various
outcomes. We included healthy controls to augment
our power, a reasonable strategy considering the
fact that TE has been proposed as a screening tool
for liver disease at the population level.23,24 As dis-
crepancies in liver stiffness between probes were
greatest at higher values of liver stiffness (Figure
2), the inclusion of healthy controls and a preponde-
rance of patients with mild disease may have inad-
vertently reduced our power to detect significant
differences in liver stiffness between probes. In addi-
tion, in our analysis of discordances in expected fi-
brosis staging between probes, we used liver
stiffness cut-offs that were derived in predominantly
normal and overweight populations. Since our co-
hort included 20% underweight individuals (BMI <
18.5 kg/m2), the applicability of these cut-offs to this
population requires validation. Finally, and as pre-
viously mentioned, our study lacked histological

data to confirm the true fibrosis stage of our pa-
tients. Nevertheless, since TE using the FibroScan
M probe has been validated extensively as a nonin-
vasive method for fibrosis assessment in adult popu-
lations, we felt it unnecessary to obtain liver
biopsies in our study.

In summary, the FibroScan S2 probe, which was
designed for use in pediatric populations, does not
improve the feasibility or reliability of LSM in adults
of smaller stature. Moreover, the S2 probe may
overestimate liver stiffness in some patients,
particularly those with a larger distance (≥ 15 mm)
between the skin and liver capsule. In light of these
findings, the FibroScan M probe should remain the
preferred tool for LSM in small adults with chronic
liver disease.

ABBREVIATIONS

• CI: confidence interval.
• IQR: interquartile range.
• IQR/M: IQR over the median.
• INR: International normalized ratio.
• LSM: liver stiffness measurement.
• NAFLD: nonalcoholic fatty liver disease.
• NAS: NAFLD activity score.
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Appendix. Manufacturer recommendations regarding FibroScan probe selection based on patient specifications.

Probe Diameter of probe tip Depth of measurement Recommended thoracic perimeter (TP)
(from skin) and body mass index (BMI)

S2 (pediatric) 7 mm 20-50 mm TP > 45 cm and ≤ 75 cm
M (adult) 9 mm 25-65 mm TP > 75 cm, BMI ≤ 30 kg/m2

XL (adult) 12 mm 35-75 mm TP > 75 cm, BMI > 30 kg/m2


