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Abstract

Purpose The thoracolumbar junction (TLJ) has not been explored in regard to its contribution to global sagittal alignment.
This study aims to define novel sagittal parameters of the TLJ and to assess their roles within global sagittal alignment.
Methods Included for cross-sectional, retrospective analysis were asymptomatic volunteers and symptomatic patients who
had undergone operation for adult spinal deformity. Unique sagittal parameters of the TLJ were measured using the midline
of the T12-L1 disk space: The TLJ orientation [TLJO; thoracolumbar tilt (TLT) and slope (TLS)]. Thoracic kyphosis (TK;
T5-12), C7-S1 sagittal vertical axis (SVA), lumbar lordosis (LL; L1-S1), sacral slope (SS), pelvic tilt (PT), and pelvic inci-
dence (PI) were measured. Continuous variables were compared using the independent 7 test. Pearson correlations examined
relationships between the parameters in each group. The asymptomatic TK was calculated using the measurement of the
asymptomatic volunteer’s TLJO by linear regression.

Results One hundred fifteen asymptomatic volunteers and 127 symptomatic patients were included. Only LL among the
lumbopelvic parameters correlated with TK (asymptomatic volunteers: r=— 0.42; symptomatic patients: r=— 0.40). All
the pelvic parameters have no direct correlation with TK in both groups. TLJO had stronger correlation with TK [asymp-
tomatic volunteers: r=— 0.68 (TLS), r=0.41 (TLT); symptomatic patients: r=— 0.56 (TLS), r=0.44 (TLT)] than the
lumbopelvic parameters. TLS correlated with LL (asymptomatic volunteers: r=0.78; symptomatic patients: r=0.73).
Most pelvic parameters correlated with TLJO except for PI. The asymptomatic TK was estimated by the derived formula:
20.847+TLS X (— 1.198).

Conclusion The TLJO integrates the status of the lumbopelvic sagittal parameters and simultaneously correlates with tho-
racic and global sagittal alignment.
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Sagittal balance

Introduction

Pelvic alignment [pelvic tilt (PT), sacral slope (SS), and
pelvic incidence (PI)] efficiently represents the orientation
and foundation of sagittal alignment [1]. Based on pelvic
alignment, sagittal balance has been described as recipro-
cal curves of lumbar lordosis (LL) and thoracic kyphosis
(TK) [2—-4]. In accordance with “the cone of economy,” the
concept of tilt and slope might be maximally appropriate for
describing the orientation of any specific alignment in sagit-
tal balance [5]. The human body axis tends to be maintained
in a certain range from the center of gravity to reduce energy
expenditure. Tilt represents the distance of the starting point
from the center, while slope represents the degree of inclina-
tion of the starting point. Consequently, the angle above a
certain point in the human body axis may be influenced by
these two values (Fig. 1).

The thoracolumbar junction (TLJ) is a transitional
zone between TK and LL. The kyphotic position of the
thoracic spine and the body’s center of gravity being
located anterior to the spine causes compressive forces to
be transmitted anterior to the vertebral body along with
a tensile stretch or distraction of the posterior elements.
In the lordotic region of the lower lumbar spine, forces
are transferred more posteriorly relative to the spine, and
thus, these compressive loads pass through the posterior
elements [6]. Accordingly, severe posterior displace-
ment (tilt) or inclination (slope) of TLJ may also create

Fig.1 Thoracolumbar junction
tilt (TLT) and slope (TLS) in
the concept of “Cone of Econ-
omy” of the human body’s axis.
a TLT represents how far the
vertebral body is as a starting
point from the center of gravity.
b TLS represents how much
inclined the vertebral body is as
a starting point from horizontal
line. ¢ The angle in the compen-
satory zone is determined by a
and b since the human body’s
axis tends to be maintained

in the cone around the center
of gravity to reduce energy
expenditure. ¢ will be high if a
is high (the starting point of the
thoracolumbar junction is far
from center), or if b is high (the
more inclined the starting point
is from horizontal line)
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significant flexion moment on the thoracic spine. The
significance of this biomechanical environment has been
clinically emphasized in various pathologic situations that
occur with greater frequency at the TLJ, including ver-
tebral compression fractures with or without progressive
kyphosis and proximal junctional kyphosis (PJK) follow-
ing adult spinal deformity operations [7, 8].

Sagittal alignment of the thoracolumbar junction has
traditionally been assessed using the thoracolumbar Cobb
angle, which is measured from the cranial endplate of T10
to the caudal endplate of L2 [9]. While this radiographic
assessment is well accepted, previous studies have failed to
address or demonstrate a significant role to sagittal align-
ment or correlate it with other sagittal alignment param-
eters [7, 10]. This limitation may originate from the fact
that this isolated angle dose not accurately or comprehen-
sively represent the TLJ’s orientation with regard to sagit-
tal balance.

As such, the present study’s aim is twofold: (1) to high-
light radiographic sagittal parameters of the thoracolumbar
junction, including thoracolumbar tilt (TLT) and thora-
columbar slope (TLS), to capture its sagittal orientation
(thoracolumbar junction orientation; TLJO) (Fig. 2), and (2)
to assess these parameters’ correlation with tradition sagittal
radiographic parameters. We hypothesize that the TLJO will
correlate with lumbopelvic alignment (PI, SS, PT, and LL)
and determine thoracic kyphosis and overall sagittal plane
alignment in both asymptomatic and symptomatic adults.

Head
compensatory
zone
a/
Ground
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Fig.2 Thoracolumbar junction
orientation—thoracolumbar

tilt (TLT) and slope (TLS). a
The TLT is the angle between
the line connecting the midline
of the T12-L1 disk space to

the center axis of the femoral
heads and a vertical reference
line. TLT(a) is a positive value
similar to pelvic tilt. b The TLS
is the angle between the midline
of the T12-L1 disk space and

a horizontal reference line.
TLS(b) is negative value similar
to the sacral slope

Methods
Patient cohorts

After obtaining institutional review board approval, a ret-
rospective analysis of patients with full-length spine radio-
graphs evaluated in a single tertiary referral center’s spine
clinic was conducted. Included for analysis were asympto-
matic volunteers, 18-79 years, without axial neck or back
pain and symptomatic patients who had undergone operative
intervention for adult spinal deformity. Enrollment details
for the cohort of the asymptomatic volunteers have been
previously described [11]. Specifically, asymptomatic volun-
teers were included if they had no coronal deformities (Cobb
angle > 10°), a history of prior spine surgery, history of hip
or knee arthroplasty or any other realignment surgery of the
lower extremities (osteotomy, trauma, etc.), complaints of
back pain or neck pain that resulted in missed work, affected
activities of daily living, participation in recreational activi-
ties or required narcotic pain medication, degenerative or
pathologic condition of the spine that necessitated physi-
cian intervention (i.e., physician appointment or epidural
steroid injections), non-ambulatory patients, history of neu-
romuscular disorders, inflammatory arthritis, or congenital

Thoracolumbar Tilt

Thoracolumbar Slope

1-

anomalies, and pregnancy [11]. Institutional review board
approval was obtained to analyze this cohort of asympto-
matic volunteers retrospectively.

Patients within the cohort of the symptomatic patients
underwent long construct posterior instrumented spinal
fusions from the TLJ to the sacrum performed by two sen-
ior spinal surgeons from 2004 to 2014 for primary sagittal
and coronal deformity. The radiological inclusion criteria
was scoliosis angles of >20°, sagittal vertical axis (SVA)
of >5 cm, PT angle of >25°, and/or TK angle of > 60°. The
symptomatic patients all had a primary surgical deformity
correction. Preoperative radiographic data were used for
analysis for the symptomatic patients.

Radiographic assessments

Three unique sagittal parameters of the TLJ were measured
(Fig. 2). The constellation of these two parameters make up
the thoracolumbar junction orientation (TLJO).

(1) Thoracolumbar Tilt (TLT, Fig. 2a): angle between the

line perpendicular to the midline of the T12-L1 disk
space at its midpoint and the line connecting this point
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to the midpoint of the femoral head axis. This is a posi-
tive value similar to pelvic tilt.

(2) Thoracolumbar Slope (TLS, Fig. 2b): angle between
the midline of the T12-L1 disk space and a horizontal
reference line and the TLT as the angle between the line
connecting the midline of the T12-L1 disk space to the
center axis of the femoral heads and a vertical reference
line. This is a negative value similar to sacral slope.

Additional sagittal radiographic parameters measured
above and below the thoracolumbar junction included: tho-
racic kyphosis (TK; sagittal Cobb angle from cranial end-
plate of T5 to the caudal endplate of T12), global sagittal
alignment (C7-S1 SVA; horizontal distance from the plumb
line from the center of the C7 vertebral body to the posterior
S1 prominence), lumbar lordosis (LL; sagittal Cobb angle
between cranial endplate of L1 to the cranial endplate of
S1) and pelvic alignment (SS, PT, and PI). All radiographic
analyses were performed using Surgimap Spine (Nemaris,
Inc., New York, NY) by two experienced spinal surgeons.

Statistical analysis

Statistical analyses were performed using IBM SPSS Sta-
tistics, version 22 (IBM Corp., Armonk, NY). Measured
radiographic values were described as means with stand-
ard deviations. Continuous variables were compared
using independent ¢ test. Pearson correlations were used
to determine relationships among radiographic parameters
in each group. Asymptomatic TK was determined from
asymptomatic volunteers’ TLJO using linear regression.
P-values and correlation strengths were interpreted accord-
ing to Evans [12] (r=0.00-0.19: very weak; r=0.20-0.39:
weak; r=0.40-0.59: moderate; r=0.60-0.79: strong; and
r=0.80-1.00: very strong). Correlation of r>0.6 was high-
lighted to decrease the risk of statistical error. Analyses were
exploratory, and significance was defined as p <0.05 for all
comparisons.

Results
Cohort comparisons (Table 1)

A total of 242 patients were included with 115 in the asymp-
tomatic volunteers and 127 in the symptomatic patients.
Asymptomatic volunteers were significantly younger than
symptomatic patients. The groups were similar in regard to
BMI. As expected, symptomatic patients had significantly
higher average score for the Oswestry Disability Index and
abnormal global and lumbopelvic sagittal parameters. Pel-
vic incidence was significantly greater in the symptomatic
patients.
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Table 1 Comparative analyses between asymptomatic volunteers and
symptomatic patients

Parameter Asymptomatic volunteers Symptomatic patients P

# 115 127 n/a
Age 50.9+16.9 58.3+£10.1 0.000
BMI 27.7+5.8 269+4.2 0.26
ODI 1.74+4.9 43.5+15.6 0.000
SVA - 6.8+34.8 54+6.5 0.000
TK 34.1+£12.6 23.5+13.8 0.000
TLI —-11.1£73 8.0+10.0 0.000
TLS -21.0+£77 —-35x11.6 0.000
TLT 9.9+4.5 11.5+7.2 0.041
LL - 5721130 —-334+18.0 0.000
PT 14.3£8.6 24.6+£9.8 0.000
SS 36.5+9.3 30.7+11.2 0.000
PI 49.6+12.1 55.3+13.1 0.000

Italics highlights indicate values that are higher than respective values

BMI body mass index, ODI Oswestry Disability Index, SVA sagittal
vertical axis, TK thoracic kyphosis, TLI thoracolumbar inclination,
TLS thoracolumbar slope, TLT thoracolumbar tilt, LL lumbar lordo-
sis, PT pelvic tilt, SS sacral slope, PI pelvic incidence (SVA=cm;
BMI:kg/mz; TK, TLIL, TLS, TLT, LL, PT, SS, PI=degree,°)

Descriptive statistics of the SVA and TK between the
asymptomatic volunteers and symptomatic patients Symp-
tomatic patients had greater forward SVA (asymptomatic
volunteers: — 6.8 cm +34.8 cm; symptomatic patients:
5.4 cm=+6.5 cm, p=0.000). Asymptomatic volunteers
had greater thoracic kyphosis (asymptomatic volun-
teers: 34.1° + 12.6°; symptomatic patients: 23.5° +13.8°,
p=0.000).

Descriptive statistics of the TLJO between the asympto-
matic volunteers and symptomatic patients The average TLS
was — 21.0°+7.7° and — 3.5°+11.6° (p=0.000), respec-
tively. The average TLT was 9.9°+4.5° and 11.5°+7.2°
(p=0.041), respectively.

Descriptive statistics of the PT, SS, PI, and LL between
the asymptomatic volunteers and symptomatic patients
The average LL was — 57.2°+13.0° and — 33.4° +18.0°
(»p=0.000), respectively. The average PT was 14.3° +8.6°
and 24.6° +9.8° (p=0.000), respectively. The average SS
was 36.5°+9.3° and 30.7°+11.2° (p =0.000), respec-
tively. The average PI was 49.6°+12.1° and 55.3°+13.1°
(p=0.000), respectively.

Correlations of thoracic spine to sagittal alignment
parameters without using the concept of TLJO

Asymptomatic volunteers (Fig. 3)

TK showed moderate correlation with LL
(r=-0.42, p=0.000), but no direct correlation with SS
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Fig.3 Correlations of thoracic
spine to sagittal alignment
parameters without using the

Asymptomatic Volunteers;
Without using the concept of Thoracolumbar Junction Orientation

concept of TLIO: asymptomatic . .
Volunf;ers v Thoracic Kyphosis
A A A
=-0.42 =-0.03 =-0.02 =+0.03
(p=.000) (p=.745) (p=-877) (p=.728)
_ Pelvic Incidence
r=-0.38
(p=.000)
Lumbar (G  5ucral Siope
Lordosis | r=-0.76
(p=-000)
) Pelvic Tilt
r—+0.11
(p=248)

<— No correlation

h weak (1=0.20 ~ 0.39) correlation

moderate (r=0.40 ~ 0.59) correlation

- strong (1=0.60 ~ 0.79) correlation
- very strong (r=0.80 ~ 1.00) correlation

(r=-0.02, p=0.877), PT (r= +0.03, p=0.728), and
PI (r=- 0.03, p=0.745). LL showed weak correlation
with PI (r=- 0.38, p=0.000) and strong one with SS
r=-10.76, p=0.000).

Symptomatic patients (Fig. 4)

TK showed moderate correlation with LL (r=— 0.40,
p=0.000), but no direct correlation with SS (r=— 0.02,
p=0.832), PT (r=+0.03, p=0.721), and PI (r=— 0.11,
p=0.244). LL showed weak correlation with PI (r=— 0.26,
p =0.000), strong one with SS (r=— 0.69, p=0.000), and
moderate one with PT (r= +0.45, p=0.000).

Correlations of thoracic spine to sagittal alignment
parameters with inclusion of the concept of TLJO

Asymptomatic volunteers (Fig. 5)

The TLS and TLT were correlated with TK and SVA (all
p=0.000). The correlations were strong between TLS and
TK (r=— 0.68); moderate between TLS and SVA (r=0.55),
TLT and TK (r=0.41); and weak between TLT and SVA
(r=- 0.28). Asymptomatic TK was determined from the
asymptomatic volunteers’ TLS using the following formula:
20.847+TLS X (— 1.198).

With regard to lumbopelvic parameters, the TLJO was
not correlated with PI. TLS has strong correlation with
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Fig.4 Correlations of thoracic
spine to sagittal alignment
parameters without using the

Symptomatic Patients;

Without using the concept of Thoracolumbar Junction Orientation

concept of TLJO: symptomatic . .
patienlzs v Thoracic Kyphosis
A A A
=-0.40 =-0.11 =-0.02 =+0.03
(p=-000) (p=244) (p=-832) (p=-721)
@ | Pelvic Incidence
=026
(p=.000)
Lumbar | (M | Sacral Slope
Lordosis | r=-0.69
(p=-000)
Pelvic Tilt
r=+0.45
(p=-000)

<+— No correlation

- weak (1=0.20 ~ 0.39) correlation

moderate (r=0.40 ~ 0.59) correlation

- strong (1=0.60 ~ 0.79) correlation

- very strong (r=0.80 ~ 1.00) correlation

LL (r=0.78, p=0.000) and weak correlation with SS
(r=-0.30, p=0.000). TLT has moderate correlation with
SS (r=- 0.44, p=0.000) and weak correlation with PT
(r=0.37, p=0.000).

Symptomatic patients (Fig. 6)

The TLS and TLT were correlated with TK and SVA (all
p=0.000). The correlations were strong between TLS
and SVA (r= + 0.75); moderate between TLS and TK
(r=-=0.56), TLT and TK (r= +0.44), and TLT and SVA
(r=-0.56).

With regard to lumbopelvic parameters, TLS has strong
correlation with LL (r=0.73, p=0.000) and weak cor-
relation with PT (r=0.37, p=0.000). TLT has moderate

@ Springer

correlation with PI (r=—- 0.42, p=0.000) and weak cor-
relation with SS (r=— 0.38, p=0.000).

Discussion

Reciprocal thoracic kyphosis is an important phenomenon
to follow after long fusion surgery from thoracolumbar junc-
tion to the pelvis. As reciprocal thoracic kyphosis may lead
to proximal junctional problems, sagittal decompensation,
and deterioration of clinical outcomes after deformity cor-
rection surgery, [2—4, 13, 14] realignment of and inclusion
of the thoracic spine in the instrumented fusion has been
proposed. However, a detailed understanding and quantita-
tive method to assess the phenomenon of reciprocal thoracic
kyphosis are not available. The present study aims to address
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Asymptomatic Volunteers;
With inclusion of the concept of Thoracolumbar Junction Orientation
Thoracic Kyphosis
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- weak (r=0.20 ~ 0.39) correlation
moderate (r=0.40 ~ 0.59) correlation

- strong (r=0.60 ~ 0.79) correlation

- very strong (r=0.80 ~ 1.00) correlation

Fig.5 Correlations of thoracic spine to sagittal alignment parameters with inclusion of the concept of TLJO: asymptomatic volunteers

this by defining new radiographic sagittal parameters to
describe the orientation of the TLJ and comparing these new
parameters to the traditional global and lumbopelvic sagittal
radiographic parameters.

That TLJO (TLT and TLS) is significantly correlated
with both TK is one of major findings of our study. This
suggests that the TLJO can determine sagittal alignment
by reflecting the concept of “the cone of economy.” The
correlations in both groups consistently showed that as the
TLT increased (the further the TLJ was from the center)
and as the TLS increases in magnitude (TLJ became more
inclined), a higher TK angle was demanded to maintain body
axis within the cone.

Lumbopelvic alignment can affect the overall sagittal bal-
ance. However, the previous studies consistently present that
TK is not correlated with PT, SS, and PI [15-17], but has
weak correlation (r=0.35 [15], r=0.27 [16], r=0.35 [17])
with LL. The present study also confirmed that pelvic align-
ment had no direct influence on the TK in the both groups,
although it might have some indirect influence on the TK

through LL (Figs. 3 and 4). There has been clinical demand
that can investigate how the TK could be changed in terms
of proximal junctional kyphosis and reciprocal change in
TK. The TLJO can be a “checkpoint” for sagittal alignment,
since it integrates the status of the lumbopelvic alignment
and simultaneously showed stronger correlations with TK
than other lumbopelvic parameters (Figs. 5 and 6).

LL itself was also correlated with TK directly and main
contributor to TLS (Figs. 3 and 4). However, the TLS might
be a more reasonable parameter than LL for investigating
TK, since it showed a “strong” correlation with TK (Figs. 5
and 6). This could be from the fact that TLJO include the
distribution as well as the amount of lordosis. Since Bois-
siére et al. [18] introduce the lumbar lordosis index as the
critical parameter in sagittal alignment, the clinical impor-
tance of the distribution of lordosis has increased. For exam-
ple, two lumbar spines with the same lordosis magnitude,
but with varying regional distribution of lordosis, may be
reflected by different TLS values. A lumbar spine with the
majority of lordosis located in the lower lumbar levels would

@ Springer
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Fig.6 Correlations of thoracic spine to sagittal alignment parameters with inclusion of the concept of TLJO: symptomatic patients

likely have a lower TLS than a lumbar spine with the major-
ity of lordosis located in the mid- and/or upper lumbar lev-
els. (Fig. 7) Moreover, as LL showed complex correlations
with pelvic alignment parameters that were not correlated
with TK, LL is not the ideal parameter to evaluate reciprocal
changes in TK (Figs. 3 and 4).

Symptomatic patients with spinal deformity who required
surgical intervention had representative characteristics
of sagittal imbalance and related compensatory features,
including increased C7-S1 SVA, loss of LL, increased PT,
decreased SS, and decreased TK compared to asymptomatic
volunteers. The relatively higher PI in symptomatic patients
is also consistent with findings of a previous study [19].
In the asymptomatic volunteers, the correlation between
TLS/TLT and TK was stronger than the one between TLS/
TLT and SVA. In contrast, the correlation between TLS/
TLT and SVA was stronger than the one between TLS/TLT
and TK in the symptomatic patients. This might be reason-
able because TK in the asymptomatic volunteers has a bet-
ter corresponding curve to TLS/TLT than the one in the
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symptomatic patients. The major difference that emerged
in the symptomatic patients compared to the asymptomatic
volunteers was that influence of the PT on the LL newly
developed, which could make the correlations between the
lumbopelvic alignments and TK more complicated (Figs. 5
and 6). However, as correlations between TLJO and pel-
vic alignment and between TK and TLJO were consistent
in asymptomatic volunteers and symptomatic patients, the
TLJO could consistently integrate complex relationships
within the lumbopelvic alignment and transfer them to the
sagittal alignment above the TLJ regardless of various com-
pensatory mechanisms (Fig. 4b).

The present study also found that the asymptomatic TK
angle can be calculated using linear regression based on
strong and consistent correlations between TLJO parameters
and TK. The TLS in asymptomatic volunteers may be the
best parameters to calculate the asymptomatic TK angle, as
it showed the strongest and most consistent correlation with
sagittal alignment parameters above the TLJ (i.e., SVA and
TK) in both the asymptomatic volunteers and symptomatic
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Fig.7 Schematic drawing of different thoracolumbar slopes with the
same amount of lordosis. Different thoracolumbar slopes depend on
the distribution of lordosis. A lumbar spine with the majority of lor-

patients. While this parameter may be used individually to
calculate the necessary TK angle for each patient to maintain
asymptomatic sagittal alignment, it may not be ideal since
our asymptomatic volunteers included those with advanced
age and degenerative features.

Another important finding of this study is that LL was
the main contributor to the TLJO in both the asymptomatic
volunteers and symptomatic patients. This implies that TLJO
can be a practical reference, since LL is a critical issue in
any kind of pathologic condition and a major target of cor-
rection to restore sagittal balance. For example, excessive
restoration of LL may lead to excessive increase in TLS
and reciprocal TK. The permissive upper limit of restoration
of LL can be proposed through the TLS to prevent against
detrimental progression of TK after deformity correction
surgery. Conversely, surgical considerations to avoid remark-
able increases in TLS can also be addressed to maintain
long-term sagittal balance when aggressive restoration of
LL is mandatory.

The findings of this study should be considered within
its limitations. Several limitations include its retrospec-
tive and cross-sectional design. In order to better evaluate
the association of the TLJO parameters with other sagittal
parameters, a consecutive series that includes larger cohorts
would be essential. Another major concern consists in the
fact that the location of TLJ can be changeable according to
type of spinal alignment if it is considered as the inflection
point between LL and TK [20, 21]. However, Roussouly

<] Lumbar lordosis (LL)
= 1451
<« Thoracolumbar slope (TLS)

A B
TLS | -30 > -5

LL -60 = -60
L4-S1| -20 < -40

dosis located in the lower lumbar levels will likely have a lower TLS
than a lumbar spine with the majority of lordosis located in the mid-
and/or upper lumbar levels

et al. reported type 3 lordosis, the majority of normative
data [20], had an inflection point at T12-L1, which is the
location we chose to assign as the TLJ [21]. Furthermore,
though the number of vertebral bodies in a lordotic orienta-
tion varied from 1 to 8, the mean value was 4 (type 1), 5
(type 2), 4.5 (type 3), and 5 (type 4) [20]. While the TLJ
junction may vary by Roussouly subtype, we chose to stand-
ardize the location of the TLJ measurements at T12-L1, as
determining an individualized inflection point and assigning
a Roussouly subtype to each patient with a spinal deformity
is likely not achievable.

Conclusion

In this single-center analysis focusing on thoracolumbar
junction orientation, there are two important conclusions.
The first is that SS, PT, and PI are not correlated with TK
in both the symptomatic patients and asymptomatic volun-
teers. The second conclusion is that the TLJO integrates the
status of the lumbopelvic sagittal parameters and simultane-
ously correlates with thoracic and global sagittal alignment.
As such, the TLJO may have a role in understanding TK
and overall sagittal balance beyond lumbopelvic param-
eters in various clinical situations. However, a future study
that assesses the clinical application and effect of the TLJO
on reciprocal changes in TK and PJK after thoracolumbar
kyphosis correction is necessary to ultimately determine
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the utility of using the TLJO parameters to guide surgical
correction of sagittal plane deformities. The data presented
herein would ideally be used as the impetus for these future
investigations.
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