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ORIGINAL ARTICLE

Correlation Between Backpack Weight and Way of Carrying,
Sagittal and Frontal Spinal Curvatures, Athletic Activity, and

Dorsal and Low Back Pain in Schoolchildren and Adolescents
Panagiotis Korovessis, MD, PhD, Georgios Koureas, MD, and Zisis Papazisis, MD

Abstract: This cross-sectional study was carried out to investigate
any correlation between backpack carrying, spinal curvatures, and
athletic activities on schoolchildren’s dorsal (DP) and low back pain
(LBP). Three thousand four hundred forty-one students aged from 9
to 15 years who carried backpacks to school were included in this
study and asked for DP and LBP experiences in the school period
while carrying the backpack. Nonradiating methods (surface back
contour analysis) were used to indirectly measure frontal spinal curve
(scoliosis) with the scoliometer and lateral curves (thoracic kyphosis
and lumbar lordosis) with the kyphometer. All data analyses were
undertaken regarding school year level, age, gender, sports participa-
tion, backpack weight, and way of carrying (one versus both shoul-
der) in relation to magnitude of scoliosis, thoracic kyphosis, lumbar
lordosis, and DP and LBP while carrying the backpack. DP increased
with increasing backpack weight (P < 0.05). The way (one versus
both shoulder) of backpack carrying did not correlate either with DP
or with LBP. Girls experienced much more LBP and DP than boys (P
< 0.001). There was no difference in the prevalence of LBP and DP
between adolescents and children. Students’ age, height, and body
weight as well as magnitude of kyphosis, lordosis, and scoliosis did
not correlate with either LBP or DP. At the age of 11 years, girls and
boys showed the highest prevalence for DP (72% and 38.5%, respec-
tively), while at the age of 14 years, girls reported significantly (P <
0.05) more DP than boys. Girls showed the highest prevalence of LBP
(71%) at the age of 11 years, while for the boys, it was at the age of 15
years (21%). Girls showed at the age of 11 years significantly more
LBP (P < 0.05) than boys. Sports exposure seemed to increase LBP in
girls (P < 0.001). The results of this study suggest a differential DP
and LBP prevalence in schoolchildren and adolescents carrying back-
packs with regard to gender and age. The peak in pain prevalence was
immediately before puberty as well as immediately after its onset.
Girls who participated in sports activities seem to experience more
often DP and LBP than boys. Short children who carry backpacks as
heavy as do tall children at the same age are more prone to LBP.

Key Words: children, low back pain, dorsal pain, school backpack,
scoliometer, kyphometer

(J Spinal Disord Tech 2004;17:33–40)

Load carrying by children and adolescents during the school
period is a common topic discussed by parents and physi-

cians. There is a widely held belief that repeated carrying of
heavy backpacks increases the stresses applied on the spinal
structures (intervertebral disc, facets, ligaments, etc) in chil-
dren and adolescents.1–6 As these structures are undergoing
rapid growth, they are believed to undergo structural damage if
additional load (such as heavy backpack carrying) is placed on
them. Investigations to establish appropriate adolescent back-
pack load-carrying limits have used primarily retrospective re-
ports of spinal symptoms and outcomes. As there are poten-
tially many influences on adolescent spinal symptoms, direct
causative links between load carrying and spinal pain are dif-
ficult to establish.

A previous cross-sectional investigation7 that examined
the effects of backpack weight on adolescents’ head-on-neck
posture showed that there was a significant increase of cranio-
vertebral angle with increasing backpack load and age, more in
girls than in boys.

The current cross-sectional investigation attempted to
correlate backpack carrying and anthropometric features (gen-
der, body weight, height), scoliosis, thoracic kyphosis, lumbar
lordosis, and dorsal pain (DP) and low back pain (LBP) in
schoolchildren and adolescents.

MATERIAL AND METHODS

Subject Selection
The authors (one team) visited, between October 1998

and June 2001, 36 primary and high schools in the Prefecture
of Achaia, Peloponessos, Greece, after approval of the local
National Department of Education. The ethics committee of
the authors’ institution provided ethics approval for the study.
Each participating school had at least four classes of about 30
students within each school stage. The participants were al-
most equally distributed in age and gender in each class. In
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each primary school, the classes that participated in the current
study were the three last school year stages (school years 4–6).
In each high school, the first three school year stages partici-
pated (school years 7–9). For the purposes of this study, stu-
dents with age range 9–11 years were considered as children
and 12–15 years as adolescents. The total sample consisted of
1816 (53%) girls and 1625 (47%) boys from all schools that
participated in this study, with a chronologic age of 12 ± 1.5
years (range 9–15 years). The mean ± SD chronologic age per
year level was 9.4 ± 0.3 years for school year 4, 10.5 ± 0.2
years for school year 5, and 11.4 ± 0.5 years for school year 6
for elementary school and 12.6 ± 0.4 years for school year 7,
13.7 ± 0.6 years for school year 8, and 14.9 ± 0.7 years for
school year 9 for high school. Participating schools randomly
selected 140 classes of students, and written parental permis-
sion was requested before student participation. A total of
4225 students from the Achaia Prefecture were asked to par-
ticipate in this study. This report presents analyses undertaken
on a sample of 3441 (81%) students who carried backpacks.
Seventy-one (2%) students who used satchels or other school
bags were excluded from this study. Teachers indicated that
713 (17%) students were lost from the study because parents
and/or the child refused consent, consent forms were not re-
turned by the day of testing, rendering students were unavail-
able for testing, or the student was absent from the school on
the day of testing. The characteristics of the students who did
not participate in this study for the reasons mentioned above
were similar to those who participated in the study. In the
schools that participated in this study, the number of students
who did not carry backpacks was very small so that any com-
parison with the large sample of the students who carried back-
packs would be statistically incorrect. From this study, there
were excluded students who were unable to stand indepen-
dently as well as students with known neurologic disease and
operation in the spine and pelvis.

The backpack weight was the load with which the stu-
dent arrived at school and usually included educational mate-
rial, sporting equipment, and personal items. The mean weight
point (theoretical center of backpack) is usually located at the
level of thoracolumbar junction T10–L2. Contact area be-
tween posterior surface of backpack and posterior surface of
the student’s body was estimated to be a surface of about 21 ×
35 cm (posterior surfaces of the lower ribs, paravertebral
muscles, and posterior elements of T10–L2 vertebrae). Owing
to gravity, the contents of the backpacks were usually located
in the lower two-thirds of the backpack.

The students were asked by the authors to compare and
distinguish pain intensity while carrying the school backpack
with that—if any—in summer and other holidays (Christmas,
Easter, etc). Although it would be scientifically more impor-
tant to get information about pain characteristics both in school
period and in holidays or to randomize the students in two
groups (individuals who wore backpacks and subjects who did

not), in the current study, this was not the case because of tech-
nical and organizing difficulties (parents and children were un-
willing to answer questionnaire on holidays, etc). Pain local-
ization by the student in the lumbar spine was determined as
LBP and in the thoracic spine as DP. The students were asked
by one of the authors for current back pain and localization
either in the thoracic and/or in the lumbar back region while
backpack carrying in the school. No quantification of pain was
made in this study because, to the authors’ knowledge, there
are no specific pain quantification questionnaires for school-
children, and, according to the authors’ experience, the valid-
ity and reliability of such questionnaires would be, in this age
range, questionable.

The same team of investigators visited each school to
take all measurements. Because of the long duration of the ex-
amination procedure, only one or maximally two classes in
each school were measured on each day. Data were collected
in the morning in all schools for two reasons: to minimize the
effect of fatigue and diurnal variation on measurements and
because there are only morning schools in this country and the
children were unwilling to come again in the afternoon for ex-
amination. Before testing, a short history was taken by one of
the authors, including anthropometric data, sports activity, and
pain localization. School bags were described as backpacks if
they had two shoulder straps and if the bag was carried on the
back. Some students carried this backpack on both shoulders
and others on one shoulder. Children and teachers reported that
there was a variation in backpack weight between 1 and 3 kg
from day to day. The backpack weight that the girls carried (4.7
± 1.2 kg) differed clinically but not statistically from that of the
boys (4.5 ± 1.2 kg) (unpaired t test, P = 0.06). There was no
statistically significant difference in the backpack weight that
boys and girls carried within any year level.

All schoolchildren and their parents had received a letter
from the examiners a few days before the examination day
with the request the child carry his/her backpack in the usual
way (one or two straps) including the maximal backpack con-
tent for at least 2 hours before the examination, under the ob-
servation of their parents (one of the parents accompanied
his/her child to the school). In the province in this country, the
children walk for relatively long distances (one-half to 1 hour)
to school carrying backpacks. In the school, the children who
participated in this study continued to carry their backpacks
under the observation of the teachers. The children were not
permitted to take these backpacks off during a 2-hour period.

No roentgenograms of the spine were made in any child
in this study to avoid unnecessary radiation exposure. The au-
thors performed “back surface contour analysis” with the use
of Debrunner’s Kyphometer3,11 (Protek AG, Bern, Switzer-
land) to indirectly measure both thoracic kyphosis and lumbar
lordosis and the scoliometer (Orthopedic Systems, Hayward,
CA, USA) to indirectly measure scoliosis (axial trunk rotation;
ATR). The results of back contour analysis were compared
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with the anthropometric data and DP and LBP prevalence val-
ues. Measurement of frontal (scoliosis) and sagittal (kyphosis,
lordosis) plane spinal curvatures with nonradiating methods
(scoliometer, kyphometer) represent back surface contour
analysis, and the obtained values do not represent the real
roentgenographic curve values. However, both the scoliometer
(64–93%) and the kyphometer (84–98%) have been shown to
be highly reliable and repeatable methods.8–10,12 The authors
are aware that only a detailed radiographic analysis including
biplane total and segmental vertebral analysis will appropri-
ately describe kyphosis, lordosis, and scoliosis.

Anthropometric Measures
Student and backpack weights were measured using the

same digital electronic Mettler weightier (Mettler Instruments
AG, Switzerland). The scales on the weightier were accurate to
0.01 kg over the range of known weights (from <1 to 120 kg).
For analysis purposes, backpack weight was expressed both in
raw form (kg) and as percentage of student’s body weight.
Body mass index (BMI) was also included in this study and
was derived from measurements of students’ heights and
weights (BMI = body weight divided by squared height). Two
additional parameters were calculated for comparisons: per-
centage value of backpack weight in relation to student’s body
weight and percentage value of backpack weight to student’s
height. Standing height was measured with the student bare-
foot. All individuals and parents were asked for any systematic
athletic activities (basket ball, football, tennis, etc) that they
performed at least three times a week for at least 1.5 hours each
time. Sixty-six percent of the girls and 87% of the boys re-
ported systematic athletic activities. Thoracic kyphosis and
lumbar lordosis were indirectly measured with the kyphometer
on standing position immediately after removal of the back-
pack with the use of an adjustable T-shaped9,10 device with the
examined individual keeping his/her arms straight and his/her
hands on the T device at the level of his/her pelvis9 according
to the method described and modified previously.3,13 The mag-
nitude of total thoracic kyphosis was measured by a well-
known reliable method,9,14 from a proximal point above the
spinous processes of the second to third thoracic vertebra to a
distal point above the spinous processes of T11 and T12 . Lum-
bar lordosis12 was measured with the kyphometer proximally
from the spinous processes of T11 and T12 and distally from
the spinous process of S1. These points of measurement were
located by palpation because palpation methods of identifying
vertebral levels are remarkably (97%) accurate.15 The degrees
of thoracic kyphosis14 and lumbar lordosis12 that were directly
read on the scale of the kyphometer were included in the cal-
culations, because there were no roentgenograms of the spine.
Although the kyphometer value for thoracic kyphosis can be
converted to roentgenographic Cobb angle with high precision
with the use of a mathematic formula,9 this was not used in this

study because there was no formula to convert the kyphometer
value for lumbar lordosis to the “real” radiographic (Cobb)
angle. The coefficient of variation for lumbar lordosis mea-
surements with the kyphometer has been shown to be very low
(7.4%).12 Scoliosis (ATR) was measured on the back of stand-
ing students in forward inclination (Adam test) with the scoli-
ometer. The obtained values were not converted to roentgeno-
graphic scoliosis Cobb degree using a formula10 because for
scoliometer ATR values of <7°, the false-positive values in-
crease.10

Data Analysis
All analyses were undertaken in strata of chronologic

age (years 9–15) and school year (4–9) because of theoretical
year-specific load-carrying requirements. Gender differences
in all measurements were also calculated because of known
differences in child and adolescent anthropometry.16,17 Pre-
liminary analyses showed a very strong correlation between
school year level and student age (correlation coefficient R2 =
1), which supported year level as a proxy for stages of spinal
development. Gender and general anthropometric parameters
(age, body weight, height) were correlated with specific pa-
rameters (backpack weight, scoliosis, thoracic kyphosis, lum-
bar lordosis, and localization of pain). As all variables were
continuous, the crude association between backpack weight
and way of carrying and DP, LBP, and other anthropometric
parameters was estimated with the use of simple linear regres-
sion analysis (SLRA). The Yates corrected �2 test was used to
compare nonparametric data. Correlation coefficients (r) of
>0.16 (level of significance, P < 0.05 for 3441 measurements)
were considered as significant. The unpaired t test was also
used to compare parametric data between different groups.

RESULTS
The results are summarized in Tables 1–3 and shown in

Figures 1–3.

TABLE 1. Anthropometric and Other Data in 3441 Students

Parameters Mean ±1 SD

Age (y) 12 1.5
Ht (cm) 158 72
Wt (kg) 48 13
Backpack wt (kg) 4.6 1.2
Thoracic kyphosis* (spinous processes T2–T3

to T11–T12) (°) 33 9
Lumbar lordosis* (spinous processes T11–T12

to S1) (°) 31 9
AXR† (°) 5.8 1.6

*Debrunner’s kyphometer value.
†ATR with scoliometer of at least 5° in 230 (7%) students.
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LBP and DP Prevalence
Six hundred seventy-one (21%) participants reported

LBP and 692 (21.4%) DP during backpack carrying. Two hun-
dred ninety-one (8.7%) students reported simultaneously LBP
and DP while backpack carrying.

The incidence of LBP and DP in each school class in
boys and girls is shown in Figures 1 and 2, respectively.

Correlation Between DP and LBP and BMI,
Gender, and Age

No significant correlation was shown between LBP and
BMI (SLRA, R = 0.037) or between DP and BMI (SLRA, R =

0.0052) (Table 2). Boys had higher (but not significantly) BMI
than girls (unpaired t test, P = 0.38) in school year 4 (chrono-
logic age 9.4 ± 0.3 years), immediately before the onset of
puberty. Thereafter, in the age range from 10.5 ± 0.2 to 14.9 ±
0.7 years, both genders had similar BMI (Fig. 3).

LBP, DP, and Gender
Girls reported significantly more LBP than boys (Table

2; Fig. 1). Sixteen percent of the boys and 46.7% of the girls
reported LBP during backpack carrying (Yates corrected �2, P
< 0.001); additionally, 62.6% of the girls and 23.8% of the
boys reported DP (unpaired t test, P < 0.001) (Fig. 2).

FIGURE 1. LBP incidence in girls versus boys plotted against school class.

TABLE 2. Correlation Coefficient (R) Matrix Between Anthropometric Parameters and DP and LBP

Pain
Localization

Anthropometric Parameters Percent
Value

Backpack
Wt

Percent
Value

Backpack
HtAge Gender Ht Wt

Backpack
Wt

Thoracic
Kyphosis*

Lumbar
Lordosis* Scoliosis† BMI

LBP 0.035 (−0.21)§ (−0.023) 0.003 0.02 0.016 0.1 0.08 0.031 (−0.028) 0.0034
DP 0.009 (−0.21)§ (−0.033) (−0.01) 0.16‡ (−0.035) 0.01 0.009 (−0.002) 0.089 0.15‡

BMI = (student’s wt/body ht) × 100 (kg/m2); Percent value backpack wt = (wt of backpack/student’s wt) × 100; Percent value backpack ht = (wt of
backpack/student’s ht) × 100.

*Back surface contour measure (kyphometer value).
†Back surface contour measure (scoliometer value).
Levels of significance: ‡P < 0.05 §P < 0.01.
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Age, Height, and Sagittal Curvatures of Spine
Thoracic kyphosis and lumbar lordosis increase with in-

creasing age (SLRA, P < 0.001) and student height (SLRA, P
< 0.01). Age did not correlate with DP (unpaired t test, P = 0.7)
or LBP (unpaired t test, P = 0.5).

The students’ height did not correlate with DP (unpaired
t test, P = 0.89) or LBP (unpaired t test, P = 0.55)

There was no correlation between thoracic kyphosis and
lumbar lordosis and DP and LBP (correlation coefficients
0.01–0.1) (Table 2).

Way of Backpack Carrying (One Shoulder
Versus Both Shoulders) and Pain

Three thousand sixty-one (91%) students carried their
backpacks over both shoulders, while only 280 (9%) carried

them over one shoulder. This way of carrying the backpack
was the usual method that the students carried it to school. The
hypothesis in this study that loaded backpacks carried over one
shoulder may be possibly associated with much more LBP
and/or DP than when carried over both shoulders was rejected
for all students (Yates corrected �2, P = 0.24 and P = 0.88,
respectively). There was no difference in way of backpack car-
rying (one versus both shoulders) between different ages
(SLRA, R = 0.057) and genders (SLRA, R = −0.08).

Correlation Between Percentage Value
Backpack Weight [(Backpack Weight/Student
Weight) � 100] and Pain

No correlation was shown between LBP and DP and
backpack weight percentage (Table 2) (SLRA, R = −0.028 and
0.087, respectively).

Correlation Between Percentage Value
Backpack Height [(Backpack Weight/Student
Height) � 100] and Pain

There was a significant correlation between percentage
of backpack weight and DP (SLRA = 0.15, P < 0.05) (Table 2).

Athletic Activities and LBP
Two thousand four hundred sixty-two (74%) of the par-

ticipants reported athletic activities. Although boys had more

FIGURE 2. DP incidence in girls versus boys plotted against school class.

TABLE 3. Scoliosis Curve Pattern and Magnitude in ATR
(Back Surface Measures)

Pattern % Average ATR (°)

Right thoracic 3.29 5.7
Left thoracic 3.29 5.6
Thoracolumbar 0.3 6.2
Lumbar 0.3 5.3

ATR was measured by scoliometer.
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strenuous activities, sports exposure was significantly related
to LBP only in girls (Yates corrected �2, P < 0.001).

Athletic Activities and DP
There was no difference in DP incidence between girls

and boys with athletic activity (Yates corrected �2, P = 0.98).

DP and LBP Prevalence in Children
Versus Adolescents

DP prevalence in children and adolescents was 33% and
26%, respectively (�2, P = 0.9). LBP prevalence in children
and adolescents was 21.6% and 20.6%, respectively (Yates
corrected �2, P = 0.9).

Scoliosis and DP and LBP
No correlation was shown between scoliosis and DP and

LBP (Table 2).

DISCUSSION
This cross-sectional study was conducted to investigate

the hypothesis of a possible correlation between backpack
weight and way of carrying, frontal and sagittal spine curva-
tures, anthropometric data, sports activities, and DP and LBP
prevalence in schoolchildren and adolescents with an age
range from 9 to 15 years.

In Greece, there is an increasing belief among the par-
ents of young school students that in the last decade, their chil-

dren have had to carry heavier school backpacks than in the
past. The current authors have not been able to find similar
studies, and thus this study appears to be the first to have ob-
tained data from such a large population-based sample, includ-
ing young students in a rapidly growing age range (9–15
years).

LBP prevalence among schoolchildren varies from
country to country and ranges from 20% to 51%.15,17–25 This
study showed that the overall prevalence of LBP in the school-
children in this country was 21% within the previously re-
ported prevalence range. Previous studies22,25,26 showed that
LBP prevalence increases in the early teen years, earlier for
girls than for boys. In the current series, LBP appears early at
the age of 9 years with a prevalence range from 7.8% to 9%,
with a peak prevalence at the age of 11 years for the boys and
12 years for the girls.

Wedderkopp et al27 showed recently that DP is more
common in childhood, whereas DP and LBP are equally com-
mon in childhood and adolescence. In the current study, there
was no difference in DP and LBP prevalence between children
and adolescents in the age range from 9 to 15 years.

In a similar previous study, Grimmer et al7 showed sig-
nificant gender differences in BMI for children in school years
9, 11, and 12, and all except the girls in school year 8 showed
higher BMI than boys. In the current study, no gender-related
differences in BMI were found in any school year, while BMI
did not correlate with DP or LBP.

FIGURE 3. BMI in girls versus boys plotted against school class.
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The authors showed that in the age range of 9–15 years,
tall children carrying their backpack to the school do not ex-
perience much more DP or LBP than shorter children. This
study also showed that a tall child who carries a backpack with
the same load as shorter children reports significantly (P <
0.05) less DP, because the percentage value backpack height
for a given load decreases with increasing height.

This study showed that children with increased thoracic
kyphosis, lumbar lordosis, and scoliosis do not experience
much more LBP and DP than their counterparts with decreased
curves. However, there is a limitation that the values of both
sagittal and frontal spinal curvatures that were measured with
back surface methods do not represent roentgenographic val-
ues. However, the authors believe that if this study had a lon-
gitudinal design, there might be differences for pain in adoles-
cents whose sagittal plane surface assessments were above and
below 2 SD from the mean. This might be an interesting future
project.

The detailed analysis of the results derived from this
study showed that there was no gender-related difference in
LBP prevalence in subjects in childhood. With the onset of
puberty, there was a progressively increasing LBP prevalence
until the age of 15 years. Others2,6,13,15,17,18,20,21,24,26,28,29

have noted a similar incline in LBP prevalence. In contrast, this
study showed that DP appears in puberty and thereafter its
prevalence remains unchanged.

The possible adverse effect of athletic activities on LBP
and DP has been previously analyzed, and some explanations
(sports being injurious, muscle atrophy, disc degeneration, etc)
have been given.5,15,18–22,28,30,31 In this series, sports exposure
seems to increase LBP prevalence in girls. There are some
theoretical explanations for the observed increased LBP preva-
lence in girls in this series that, however, are derived from the
recent literature.7,15,20,32–34

For the purposes of the current study, the authors have
used a well-established instrument (kyphometer) to reliably
measure thoracic kyphosis and lumbar lordosis, avoiding un-
ethical exposure of young children to radiation. However, it is
obvious that the magnitude of thoracic kyphosis and lumbar
lordosis when measured with back surface contour methods
does not represent the real radiologic curve value, cannot give
segmental angle contributions to the curve, and does not tell
the exact geometric configuration of the curve. However, the
value that the kyphometer measures when it is applied at the
endpoints of thoracic kyphosis9 correlates significantly with
the radiographic angle. Others have used the kyphometer also
to directly measure lumbar lordosis.12

In this study, the authors have used the scoliometer that
actually measures axial trunk rotation to indirectly measure
scoliosis. The authors are aware that the scoliometer value
does not represent the radiologic value of scoliosis, but it is in
a close relationship with it.10

This study has several theoretical limitations: 1) Both
the kyphometer and the scoliometer do not measure the actual
radiologic degree of frontal and sagittal spinal curves; 2) radi-
ography is the appropriate method for detecting differences in
the shape and segmental contributions to curves in relation to
pain that back surface contour methods cannot; 3) a longitudi-
nal randomized study of DP and LBP based on a questionnaire
given to students who wore backpack versus those who did not
might be of more significance than a cross-sectional study, but
it was not possible in the current study for the reasons men-
tioned previously; 4) the use of a questionnaire for quantifica-
tion of intensity of LBP and DP should be of importance for a
future study; and 5) there were no comparisons of DP and LBP
reported during the holidays or summer versus those reported
while wearing backpacks in the school period.

With the above-mentioned limitations in mind, the au-
thors advise physicians to be aware that girls at the age of 11–
12 years should carry light backpacks and avoid strenuous
sports to decrease the probability of experiencing DP. Shorter
children should not carry as heavy backpacks as tall children at
the same age. Parents should not care about the way their child
carries his/her backpack because (one or two straps) this is not
of importance for back pain.

The authors believe that since this is the first multifacto-
rial study to investigate the interaction between backpack
wearing and other factors, additional longitudinal comparative
studies should be performed based on these results to look at
the variables here presented in more detail.
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