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In old men Scheuermann’s disease is not associated
with neck or back pain: a Swedish cohort study
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Background and purpose — Scheuermann’s disease is
characterized by kyphosis and frequently mild back pain. As
the level of kyphosis may progress over time, also the level of
pain may increase. We evaluated the prevalence of Scheuer-
mann’s disease, and their pain, in Swedish elderly men.

Patients and methods — The Osteoporotic Fractures
in Men (MrOS) Study Sweden (n = 3,014) is a population-
based prospective observational study of community-living
men aged 69-81 years. At baseline, participants answered
a questionnaire including history of neck/back pain during
the preceding year and characteristics of any pain (severity,
sciatica, and neurological deficits). Lateral thoracic/lumbar
spine radiographs were taken of 1,453 men. We included the
1,417 men with readable radiographs. Scheuermann’s dis-
ease was defined as 3 or more consecutive vertebrae with >
5° wedging with no other explanation for the deformity.

Results — 92 of the 1,417 men (6.5%, 95% confidence
interval 5.3-7.9) had Scheuermann’s disease. 31% of men
with and 31% without Scheuermann’s disease reported neck
pain (P = 0.90) and 51% with and 55% without the disease
reported back pain (P = 0.4). Among men with Scheuer-
mann’s disease and back pain, none reported severe pain,
57% moderate, and 43% mild, compared with 7%, 50%, and
44% in those without Scheuermann’s disease (P = 0.2). In
those with Scheuermann’s disease 63% reported no sciatica,
15% sciatica without neurological deficits, and 22% sciatica
with neurological deficits, compared with 56%, 16%, and
28% in those without the disease (P =0.6).

Conclusion — The prevalence of Scheuermann’s disease
in elderly Swedish men is between 5.3% and 7.9%. The con-
dition seems at this age not to be associated with neck or
back pain.

Scheuermann’s disease is reported with a prevalence between
0.4% and 25.0% (1-3). The disease becomes usually apparent
in puberty (4), when a hyperkyphosis develops in the thoracic
spine, with or without a compensatory hyperlordosis in the
lumbar spine (5). The disease is linked to a dominant auto-
somal genetic component, with a heritability of 74% (6), and
is reported with no sex difference (2), and up to double male
prevalence (7). Increased release of growth hormone, defec-
tive formation of collagen fibrils with subsequent weakening
of the vertebral endplate, juvenile trauma, vitamin A defi-
ciency, and epiphysitis, may all be involved (8) in the defec-
tive growth of the cartilage endplate due to disorganized
enchondral ossification (5). The defect results in a wedging
of = 3 adjacent vertebrae, but other radiographic findings such
as Schmorl’s nodes, vertebral endplate irregularities, and disc
space narrowing are also common (9).

Scheuermann’s disease is at younger ages often associ-
ated with mild neck and/or back pain (10), in most patients
addressed by no therapy, analgesics, or physiotherapy (10).
Corrective surgery is an option only in those with extensive
deformity and/or severe pain (11). The prognosis regarding
neck and/or back pain and quality of life is usually reported to
be benign (4), but the kyphosis may progress (12), then being
compensated by hyperlordosis in the lumbar and/or cervical
spine. These changes may lead to an increased risk of neck
and/or back pain (13), while other studies refute this (14).

The aim of our study was to (i) identify prevalence of the
disease, and (ii) evaluate if men with the disease have more
often or more severe neck/back pain than men without the
disease.
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Figure 1. Flow-chart of study participants.

Patients and methods
Data source

The data in our study was retrieved from the Osteoporotic
Fractures in Men (MrOS) Sweden Study (15) which is a multi-
center study that includes 3,014 men aged 69--81 years, eval-
uated in medical centers in Gothenburg (n = 1,010), Malmo (n
= 1,005), and Uppsala (n = 999) (Figure 1). The primary aim
of this prospective observational study is to evaluate risk fac-
tors for osteoporosis and fractures, where details of the study
have been published earlier (16). The men were randomly
selected from the national population register. To be included,
the men had to have a contact address, be able to walk with-
out assistance, and be without bilateral hip replacements. The
attendance rate was 45% (16). The study is reported according
to the STROBE guidelines.

Outcomes

At baseline, the 3,014 participants answered a questionnaire
that included questions on lifestyle, medical conditions, and
if, during the preceding 12 months, the individuals had expe-
rienced any period with neck and/or back pain. Back pain
was defined as pain in the thoracic or lumbar region and neck
pain in the neck region. Those who had experienced pain also
answered questions regarding pain severity (mild, moderate,
or severe), and if the pain was associated with radiating pain
and/or neurological deficits, defined as sensory or motor func-
tion deficits in the extremities. Men with back pain also regis-
tered the frequency of the pain (rarely, some of the time, most
of the time, constantly) and if the pain was associated with
any restriction in activities of daily living (ADL) (i) in bend-
ing down, (ii) in lifting a 5 kg object, (iii) in reaching objects
above their heads, (iv) in putting on socks, (v) in getting in and
out of a car, (vi) in sitting in a chair for = 30 minutes, and (vii)
in any ADL restriction for > 2 hours/day.

Height and weight were measured using standard equipment
(16). We performed 2 consecutive measurements of height in
the same session and used the average of these. In the case
of a discrepancy of = 5 mm between the measurements, we
performed a third measurement, and used the average of the 2
nearest values. Body mass index (BMI) was calculated.

Radiological evaluation

A senior radiologist (IR-J), blinded to the clinical presentation
of the individuals, evaluated the radiographs according to the
semi-quantitative method proposed by Genant et al. (17). This
method involved assessing the visual shape of the vertebra,
i.e., if there is height reduction in the anterior, middle, and/or
posterior part of the vertebral body. The radiographs in which
Scheuermann’s disease was possible, i.e., with height reduc-
tion in the anterior part in at least 3 vertebrae, were identified.
Cases where other reasons for the deformity were apparent,
such as congenital abnormality, hemi-vertebrae, degenerative
abnormalities, and fractures were then discarded, after which
the remaining cases were objectively measured with a protrac-
tor. Only those where the objective protractor measurement
verified that the wedge shape of at least 3 consecutive ver-
tebrae exceeded 5° were classified as Scheuermann’s disease
(Figure 1). The number of affected vertebrae, localization of
affected vertebrae, kyphosis angle of the most wedge-shaped
vertebra, kyphosis angle over all affected vertebrae, kypho-
sis from upper endplate thoracic vertebra 4 to lower endplate
thoracic vertebra 12 (T4 to T12), and lordosis from upper
endplate lumbar vertebra 1 to lower endplate lumbar vertebra
5 (L1 to LS5) in those with diagnosed Scheuermann’s disease
were registered by 1 of the authors (AJ).

The diagnosis of Scheuermann’s disease was made only
with help of the radiographs. We have no information on
whether at the time of this examination the participants had
already been diagnosed with the disease, and if so, at what age
the diagnosis was stated, and whether any of them had been
exposed to brace treatment. None of the participants had been
exposed to corrective surgery for their deformity.

Statistics

We used the Statistical Package for the Social Sciences (SPSS
version 27, IBM, Armonk, NY, USA) for statistical analyses.
Data is presented as numbers (n), proportions (%), means with
standard deviations (SD), or mean with 95% confidence inter-
vals (CI). For group comparisons we used the chi-square test
(categorical data) and Student’s t-test between means (contin-
uous data). We considered P < 0.05 as a statistically significant
difference.

Ethics, data sharing, funding, and disclosures

The study was approved by the ethics committees in Lund
(Registration number: LU 693-00) and Gothenburg and the
radiological committee at each of the hospitals. All participants
gave written consent before study start. Data can be obtained on
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Table 1. Background characteristics in 92 Swedish men aged 69-81
years with and 1,325 men without Scheuermann’s disease. Values
are count with proportions (%) unless otherwise specified

Men with Men without
Scheuermann’s  Scheuermann’s
disease disease
Missing Missing
Factor data (n=92) data(n=1,325)
Anthropometry
Age 2 0 75(33) 0 75 (3.0)
Height @ 0 1.75(0.7) 0 1.75(0.6)
Weight 2 0 83(12) 0 81(12)
Body mass index @ 0 269(3.0) 0 26.4(3.6)
Lifestyle factors
Daily normal routine
walking distance (km) 2 2 1.3(1.5) 26 1.2 (1.5)
Drinking > 12 units of
alcohol the last year 0 87 0 1,135 (86)
Current smoker 26 6 413 143 (16)
Diagnosis
Diabetes 0 4 2 127 (10)
Hyperthyreosis 0 3 8 13 (1)
Hypothyreosis 2 2 10 39 (3)
Osteoporosis 0 0 4 31 (2)
Stroke 3 3 5 90 (7)
Parkinson’s disease 1 1 4 12 (1)
High blood pressure 0 36 8 473 (36)
Myocardial infarction 2 11 10 179 (12)
Angina 2 13 12 199 (15)
Congestive heart failure 2 12 24 113 (9)
COPD, asthma or emphysema 1 5 11 105 (8)
Prostatitis 3 9 20 168 (13)
Arthritis or gout 1 19 19 246 (19)
Ever had cancer 0 14 3 211 (16)
Medication
Use of ibuprofen 3 or
more times a week 1 1 9 8 (1)
Use of naproxen/diklofenak
3 or more times a week 1 4 11 27 (2)
Currently using steroids 0 3 5 72 (5)
Ever used medication for
osteoporosis 0 1 1 20 (2)
2mean (SD)

request from the corresponding author. Financial support was
received from ALF, Region Skéne (FoU), Skéne University
Hospital, Herman Jarnhardt, and Osterlund Foundations. None
of the authors has any conflict of interest. Completed disclosure
forms for this article following the ICMIJE template are avail-
able on the article page, doi: 10.2340/17453674.2023.12358

Results

At study start, all participants in Malmo and the second half
of those evfaluated in Gothenburg were invited to have a
standard radiological lateral examination of the thoracic and
lumbar spine. 1,453 men (988 in Malmé and 465 in Gothen-
burg) accepted. 36 of the radiographs were not readable from
the fourth thoracic (T4) to the fifth lumbar (L5) vertebrae.
These patients were excluded (Figure 1).

92 of the 1,417 men (6.5%, CI 5.3-7.9) had Scheuermann’s
disease. Background data on men with and without Scheuer-
mann’s disease is presented in Table 1, and data in men with
neck pain, or, respectively, back pain in Table 2. We found
similar ADL restrictions in men with and without Scheuer-
mann’s disease (Table 2). Radiographic characteristics in the
men with Scheuermann’s disease are depicted in Figures 2-5.

Among the men who answered the questions on neck pain,
28/90 (31%) with and 401/1,315 (31%) without Scheuer-
mann’s disease reported neck pain during the preceding 12
months (P = 0.9) (Table 2). Among the men with neck pain,
we found similar severity, prevalence of rhizopathy, and
prevalence of neurological deficits in men with and without
Scheuermann’s disease (all p > 0.05) (Table 2). The most
wedge-shaped vertebra in men with Scheuermann’s disease
and neck pain was 10° (SD 3.2) and in men with Scheuer-
mann’s disease but without neck pain 11° (SD 2.7) (P=0. 6),
the kyphosis over all wedge-shaped vertebrae was 33° (SD 12)
and 28° (SD 10), respectively (P =0.09), the thoracic kyphosis
(T4 to T12) 60° (SD 11) and 53° (SD 11), respectively (P =
0.2), and the lumbar lordosis (L1 to L5) 47° (SD 11) and 40°
(SD 11) respectively (P=0.01).

Among the men who answered the questions on back pain,
47/92 (51%) with and 715/1,319 (55%) without Scheuer-
mann’s disease reported back pain during the 12 months pre-
ceding the evaluation (P = 0.4) (Table 2). Among men with
back pain, morbidity, prevalence of sciatica, and prevalence
of neurological deficits were similar in individuals with and
without Scheuermann’s disease (all P> 0.05) (Table 2). Fewer
men with Scheuermann’s disease had back pain most of the
time/constantly compared with men without Scheuermann’s
disease (P < 0.05) (Table 2). The most wedge-shaped vertebra
in men with Scheuermann’s disease and back pain was 11°
(SD 2.7) and in men with Scheuermann’s disease but without
back pain 10° (SD 2.9) (P =0.5), the kyphosis over all wedge-
shaped vertebrae was 30° (SD 10) and 30° (SD 12), respec-
tively (P = 0.9), the thoracic kyphosis (T4 to T12) 52° (SD
12) and 55° (SD 10), respectively (P = 0.3), and the lumbar
lordosis (L1 to L5) 44° (SD 12) and 40° (SD 10), respectively
(P=0.1).

Discussion

The prevalence of Scheuermann’s disease in elderly Swedish
men is 6.5%. This should be compared with the prevalence
reported in the literature ranging between 0.4% and 25.0%
(1-3,11). The lowest prevalence (3) has been reported in young
individuals, thereby hypothetically missing individuals who
develop the disease later in life. A twin study that reported a
prevalence of 2.8% used self-reported data on diagnosis (6),
thereby probably missing patients without symptoms (11).
Radiographic studies usually report higher prevalence (2), in
one as high as 25% (1). However, results from radiographic
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Table 2. Neck and back pain characteristics in 92 Swedish men aged 69-81 years with and 1,325
men without Scheuermann’s disease. Periods with neck/back pain include the 12 months preced- 60
ing the baseline evaluation. Values are count with proportions (%). Group comparisons with differ-

ences in percentage points with 95% confidence interval (Cl)

Number of men

50

40

Men with Men without
Scheuermann’s ~ Scheuermann’s 301
disease disease
Missing Missing Percentage point 201
Factor data (n=92) data(n=1,325) difference (Cl) P value 2 w0l
Among all men ol
Neck pain 2 28(31) 10 401 (30) 1(-9to 11) 0.9 3 4 5 6 7
Back pain 0 47 (51) 6 730 (55) -4 (-15 10 6) 0.4 Number of affected vertebrae
Among men with neck pain Figure 2. Number of individuals with
Severity of neck pain 0 0 0.02 different numbers of vertebrae affected
Mild 7 (25) 144 (36) —11 (-28 to 5) in the 92 men with Scheuermann’s dis-
Moderate 18 (64) 153 (38) 26 (8 to 45) ease.
Severe 3 (11) 104 (26) —15 (=27 to -3)
Neck pain characteristics 0 0 0.4
Neck pain, no radiating pain,
no neurological deficits 14 (50) 239 (60) —10 (-29 to 10) Number of vertebrae with >5° wedging
Neck pain, radiating pain, 70
no neurological deficits 7 (25) 64 (16) 9 (-7 to 25) 60
Neck pain, radiating pain,
neurological deficits 7 (25) 98 (24) 1(-1610 17) 50 -
Among men with back pain
Severity of back pain 0 6 0.2 407
Mild 20 (43) 315 (44) -1 (-16to 14) 204
Moderate 27 (57) 359 (50) 8 (-7 to 22)
Severe 0 (0) 50 (7) -7 (-9to-5) 20 -
Back pain characteristics 1 7 0.6
Back pain, no radiating pain, 101
no neurological deficits 29 (63) 403 (56) 7 (-7 to 22) ol
Back pain‘ radiating pain, Th4 Th5 Thé Th7 Th8 Th9 Th10Th11Th:_2 L1 |
no neurological deficits 7 (15) 116 (16) -1 (-12to0 10) eve
Back pain, radiating pain,
neurological deficits 10 (22) 204 (28) -6 (-1910 6) Number of most wedge-shaped vertebra
Frequency of the back pain 0 2 0.04
Rarely 7 (15) 136 (19) —4 (-14t0 7)
Some of the time 36 (77) 413 (57) 20 (7 to 32)
Most of the time 3 (6) 119 (16) —-10 (17 to -2)
Constantly 1(2) 60 (8) —6 (-11 to -2)
Restrictions in activities of daily living (ADL) due to the back pain
Any limitation >2 hours/day 1 13(28) 6 218 (30) -2 (-15t0 12) 0.8
Difficulty bending down to
pick up light objects 1 11(24) 2 271 (37) -13 (26 t0 0) 0.07
Difficulty lifting a 5 kg object
from the floor 6 (13) 3 120 (17) -3 (-14t07) 0.5
ReaChing abOVe head to grab 0 Th4 Th5 Th6é Th7 Th8 Th9 Th10Th11Th12 L1
an item 1 7(15) 2 58(8) 7 (-83t0 18) 0.09 Level
Difficulty putting socks on
eitherfoot 0 12(26) 1 252(35) -9(-22104) iz Figure 3. Distribution of the 323 ver-
Difficulty getting in or out of tebrae with >5° wedge angle (A)
front seatofacar 0 14(30) 1 249 (34) —4 (-1810 9) 0.5 and distribution of the most wedge-
Difficulty sitting in a chair shaped vertebra (B) in the 92 men with
for 30 minutes 1 6(13) 1.125(17) —4(-14106) 0.5 Scheuermann’s disease in the thoracic

2 Chi-square test

studies may also be discussed. The normal wedge-shaped ver-
tebral bodies in the thoraco-lumbar region may be misclassi-
fied as Scheuermann’s disease, as may multiple osteoporotic
fractures, congenital abnormalities, hemi-vertebrae, or degen-
erative abnormalities (17). The use of different definitions of
Scheuermann’s disease may also result in different prevalence
data (18).

(Th) and lumbar (L) spine.

Scheuermann’s disease in old men seems not to be associ-
ated with more neck or back pain, pain severity, rhizopathy,
or neurological deficits. The 1-year prevalence of neck pain in
the general populations is reported as between 30% and 50%
(19,20). We have, however, not been able to identify any neck
pain prevalence study in individuals with Scheuermann’s dis-
ease. The 1-year prevalence of neck pain in men with Scheuer-
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Number of men Number of men

15 30

0
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Overall kyphosis (°)

0
< 7- 8 9= 10- 11- 12- 13- 14- 15- 16- >17
<8 <9 <10 <11 <12 <13 <14 <15 <16 <17
A Deformity in most wedge-shaped B
vertebra (°)

40 40
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Lordosis (°)

0-
<30 30-<40 40-<50 50-<60 60-<70 >70

c Thoracic kyphosis - Th4-Th12 (°) D

Figure 4. Number of men with different severity of the most deformed vertebra (A), number of men with different s kyphosis over all affected
vertebrae (B), number of men with different thoracic kyphosis (Th4 to Th12) (C) and number of men with different lordosis (L1 to L5) (D) in the 92

men with Scheuermann’s disease.

Number of men with back pain Number of men with back pain
15 15

Number of men with back pain with Scheuermann’s disease

0
Quartile 1 Quartile 2 Quartile 3 Quartile 4
<220 220-26.7 26.8-34.0 >34.0 <47.2

A Kyphosis over affected vertebrae (°) B

04
Quartile 1 Quartile 2 Quartile 3 Quartile 4

47.5-53.7 53.8-64.0 >64.0
Kyphosis over Th4-Th12 (°)

Figure 5. Number of individuals with back pain in relation to quartiles of deformity over the affected verte-
brae (A), quartiles of kyphosis in thoracic spine (Th4 to Th12) (B), and quartiles of lordosis in lumbar spine
(L1 to L5) (C). There was no statistical difference when comparing proportion of individuals with back pain
in quartiles of deformity over the affected segments (p = 0.8), quartiles of thoracic kyphosis (p = 0.5) or

quartiles of lumbar lordosis (p = 0.2)

mann’s disease in our cohort was 31%, similar to that in men
without the disease, similar to the prevalence in Greeks aged
15-65 years (1-year neck pain prevalence of 29%) (19), and
similar to a Spanish population > 70 years (1-year neck pain
prevalence of 29%) (20). We also found greater lumbar lordo-
sis in men with Scheuermann’s disease and neck pain than in
men with Scheuermann’s disease but without neck pain. We
speculate that the compensatory lordosis in the cervical spine
may also have been greater in the men with neck pain, being 1
possible explanation for this, but as we have no cervical radio-
graphs, we could not evaluate this hypothesis. We acknowl-
edge that the findings could occur due to chance.

We found similar back pain prevalence when comparing men
with and without Scheuermann’s disease. Other studies have
reported a 1-year prevalence of 45% of lower back pain in indi-
viduals > 70 (21) and 45% in men between the ages of 69 and
81 (22). The higher prevalence in our study could be explained
by the inclusion of thoracic pain in the back pain group, while
cited studies included only lower back pain (22). It is therefore
of interest to find a reported 1-year back and thoracic pain prev-
alence of 59% in individuals over age 65 (23). Our data further
opposes data by Ristolainen et al., who reported that patients

20 have more than double the risk
of constant back pain of those
without the disease (13).

We found further that,
among patients with back
pain, the severity was simi-
lar in men with and without
Scheuermann’s disease, being
lower than being reported in
individuals with back pain
aged 45-91, where 23% had
mild, 36% moderate, and 41%
severe pain (24). However,
even if studies imply that indi-
viduals with Scheuermann’s
disease have no more severe
back pain than patients without Scheuermann’s disease (14),
others oppose this view (4). As pain severity data are subjec-
tive as well as context specific and most studies do not have a
control population, it is difficult to compare data across popu-
lations. The similarity in ADL restrictions and the prevalence
of severe back pain when comparing men with and without
Scheuermann’s disease in our study strengthens the view that
elderly men with Scheuermann’s disease have no more severe
back pain than the general population. We found fewer men
with Scheuermann’s disease who reported back pain most of
the time or constantly and fewer who reported severe neck
pain than old men without the disease. We speculate that as
physical activity is inversely related to back and neck pain,
and men with Scheuermann’s disease are usually prescribed
physical activity, they may be more physically active than the
general population. However, our findings could also occur
due to chance.

We have been unable to identify any study on the preva-
lence of rhizopathy/neurological deficit in elderly men with
Scheuermann’s disease. The prevalence of sciatica in indi-
viduals aged > 65 with back pain has in another population
been reported at 33% (25). This is lower than the prevalence

o0

Quartile 1 Quartile 2 Quartile 3 Quartile 4
<33.4 33.4-41.6 41.7-49.3 >46.3

C Lordosis over L1-L5 (°)
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in our study. However, in our cohort we found no difference in
prevalence of rhizopathy/neurological deficit in elderly men
with and without Scheuermann’s disease.

We also found no indications that elderly men with Scheuer-
mann’s disease and neck and/or back pain have greater tho-
racic deformity than elderly men with Scheuermann’s disease
but no pain. It should, then, be noted that our study included
individuals with a kyphosis over the affected segments exceed-
ing 50° and a thoracic kyphosis exceeding 70°.

Our findings suggest that there is no need to change current
recommendations (usually no restrictions but with the recom-
mendation of being physically active) as these men have in the
long-term perspective no higher morbidity of neck or back pain,
rhizopathy, or neurological deficits in the extremities and no
more restricted ADL function than men without the diseases.
It is further no need to specifically follow men with Scheuer-
mann’s disease as they even if having had the disease for over 5
decades have no higher morbidity than men without the disease.

Strengths and limitations

The strengths of our study include the large population-based
sample, the high attendance rate, and a study design with a
control population with the same ethnicity and with data col-
lected in the same way during the same period as the target
population. Nevertheless, there may still be selection bias.
Unhealthy and sick men may have declined to participate.
We have, however, no indication that there were different
proportions of those who declined in men with and without
Scheuermann’s disease. Study weaknesses include problems
with selection and statistical uncertainty in the prevalence
estimation, the inability to draw conclusions in non-ambu-
latory elderly, those with bilateral hip replacement, men of
other age spans, men with other ethnic background, or men
living in countries other than Sweden. It would also have been
advantageous to have women included as there may exist sex
differences in prevalence and severity of the disease. Further-
more, the study design makes it impossible to establish tem-
poral or causal relationships. The retrospective study design
includes a risk of recall bias. In addition, it would have been
advantageous to have data on the number and duration of
pain episodes, frequency of associated symptoms, as well as
recurrence rate, and for a greater number of individuals with
Scheuermann’s disease to have been included, to be able to
conduct subgroup evaluations, such as grouping outcomes
according to type of underlying disorder or if osteoporosis was
present or not. It would also have been of great interest to have
surgically treated patients included so as to be able to evalu-
ate how operated patients did progress, as well as information
on brace treatment because the SOSORT (International Soci-
ety on Scoliosis Orthopaedic and Rehabilitation Treatment)
panel of experts recommended when focusing on conservative
treatment of idiopathic and Scheuermann’s kyphosis the use
of rigid braces and physiotherapy to correct thoracic hyperky-
phosis during adolescence (26).

Conclusion

The prevalence of Scheuermann’s disease in elderly Swed-
ish men is 6.5%. At this age, the condition seems not to be a
risk factor for neck and/or back pain, morbidity, rhizopathy,
or neurological deficits. We found no indication that elderly
men with Scheuermann’s disease and back pain had greater
deformity of the Scheuermann kyphosis than elderly men with
the disease but no back pain.

CO, DM, and MK collected the data and financed the study; IRJ read all
radiographs; AJ, HD, MK, and BJ validated the data; AJ, BJ, and MK
designed the study; AJ, HD, MH, and MK conducted all calculations and
created all tables and figures; AJ, HD, MH, and MK wrote the first draft of
the manuscript; all authors reviewed the manuscript and accepted it in the
final form.
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