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Abstract

Background: To investigate associations between long-term shoulder loading and sagittal spino-pelvic
morphology in Chinese farmers from radiology evidences.

Methods: We retrospectively analyzed 463 back pain patients who attended outpatient and inpatient departments of
two hospitals from January 2016 to December 2018, and who had long, standing lateral X-rays according to inclusion and
exclusion criteria. One hundred eighty-four of them were farmers with a long history of heavy shoulder loading for over
20 years in their young age, while others were office workers with no reported long-term shoulder loading history. The
following parameters were measured by three researchers independently and then analyzed statistically: thoracic kyphosis
(TK), lumbar lordosis (LL), thoracolumbar kyphosis (TLK), T9 sagittal offset (T9SO), T1 sagittal offset (T150), sacral slope (SS),
pelvic incidence (Pl), pelvic tilt (PT), C7 tilt (C7T), spino-pelvic angle (SSA), and sagittal vertical axis (SVA).

Results: The “Loading group” included 86 males and 98 females with average age 73.3 (SD 8.3) years, whereas the “Non-
loading group” included 126 males and 153 females with average age 63.7 (SD 14.1) years. Age was significantly higher in
the loading group (p < 0.001), but gender, height, weight, BMI, and BMD were not significantly different (p > 0.05). The
following spino-pelvic parameters were significantly greater (p < 0.05) in the loading group: TK (mean 39.1° vs 32.8°), TLK
(25.8° vs 10.1°), and T9SO (12.2° vs 10.1°). Other values were not significantly different between the two groups (p > 0.05).
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Conclusion: Long-term shoulder loading in youth is a risk factor for pathological thoracic kyphosis especially in the lower

thoracic spinal segments when farmers getting older.
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Introduction
Humans are the only fully upright walking vertebrates,
and unique anatomical features of the human spine and
pelvis have evolved to maintain upright posture and bal-
ance [1, 2]. These include the cervical lordosis, thoracic
kyphosis, and lumbar lordosis [2]. However, excessive
stresses concentrated on the spine can influence these
curves and initiate degeneration and deformity [3, 4]. In
addition, the pelvis can rotate around the femoral heads,
which serve as junctions at which the thoracic-lumbar
load is transferred to the lower limbs, and excessive
shoulder loading from the spine can result in spino-
pelvis imbalance, especially in the sagittal plane [5, 6].
Spino-pelvic sagittal balance can be assessed by a
series of different parameters including thoracic kyphosis
(TK), lumbar lordosis (LL), thoracolumbar kyphosis
(TLK), T9 sagittal offset (T9SO), T1 sagittal offset
(T1SO), sacral slope (SS), pelvic incidence (PI), pelvic tilt
(PT), C7 tilt (C7T), spino-pelvic angle (SSA), and sagittal
vertical axis (SVA) [6—10]. These are shown in Fig. 1.

Several studies have evaluated these spino-pelvic param-
eters in asymptomatic adults, in European and American
Caucasian populations. PI, PT, and SS are similar be-
tween females and males, and PI is not related to age,
while correlations between other parameters and age are
small [11]. Barrey et al. suggested that pelvis shape may
influence lumbar degenerative disease and proposed a
spinal alignment classification, based on the PI, in nor-
mal and pathologic conditions [12]. Vialle et al. mea-
sured sagittal radiographs of 300 asymptomatic
volunteers and suggested that T9 sagittal offset should
be taken into account before surgical treatment because
it reflects the sagittal balance of the spine [8]. T9SO is
determined by three factors: a linear combination of pel-
vic incidence, sacral slope, and maximum lumbar lordo-
sis; the thoracic kyphosis; and the pelvic tilt [8].
Recently, Zhu et al. reported sagittal alignment norms in
asymptomatic Chinese adults and showed obvious varia-
tions between populations with different ethnicity [9].
Several studies presented a strong correlation between

Fig. 1 The measuring method of spino-pelvic parameters. TK thoracic kyphosis, LL lumbar lordosis, TLK thoracolumbar kyphosis, T9SO T9 sagittal
offset, T1SO T1 sagittal offset, SS sacral slope, PI pelvic incidence, PT pelvic tilt, C7T C7 tilt, SSA spino-pelvic angle, SVA sagittal vertical axis
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SS and the global angle of lordosis. When SS is tilted,
the lumbar curvature is high; and contrarily, when SS is
rather horizontal, lumbar curvature is flat [12—14].

Little is known, however, about the influence of long-
term shoulder physical loading on sagittal parameters,
either in Caucasian or Chinese populations. It might be
expected that prolonged stooping would increase thor-
acic kyphosis, for example, or that prolonged upright
posture would increase lumbar lordosis, but these possi-
bilities remain to be explored.

China is a traditional agricultural country and farmers
occupy the majority of the population. Before the reform
and opening up policy of China, many farmers engaged
in heavy physical activity from an early age in order to
make a living for their whole families, and then kept
working until they were too old to continue. With the
recent improvement in living standards and develop-
ment of medical technology, farmers’ life expectancy has
been prolonged, and now many farmers seek medical
help for spinal deformities and scoliosis. Spino-pelvic de-
generation and deformity are very common among
farmers, and long-term shoulder loading appears to be
an important cause [15]. The present study aims to
evaluate the physical condition of the elderly, especially
old farmers, and identify any association between long-
term shoulder loading and spino-pelvic morphology in
the sagittal plane from radiology evidences.

Methods

Subjects

The study was reviewed and approved by the institutional
review board and the ethics committee of our institution.
Patients or their family members agreed to our study and
signed the informed consents. We retrospectively
reviewed 874 back pain patients who attended outpatient
and inpatient departments of two hospitals from January
2016 to December 2018, and who had long, standing
lateral X-rays. The inclusion criteria of the subjects were
as follows: (1) aged > 50 years, (2) history of back pain > 3
consecutive months, (3) having complete demographic
and clinical data, and (4) occupation was farmer or office
worker. Exclusion criteria of the subjects were as follows:
(1) history of spinal trauma, fracture, tumors, sacroiliac
joint diseases or deformity; (2) adolescent idiopathic scoli-
osis; and (3) history of lumbar spine or pelvis surgery. A
total of 463 subjects were reviewed in this study. One
hundred eighty-four of them were farmers with a long
history of heavy shoulder loading for over 20 years in their
young age, while others were office workers with no re-
ported long-term shoulder loading history.

Clinical data
Demographic and clinical data were reviewed, including
age, gender, height, weight, bone mineral density (BMD),
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and occupation history. All the data were collected by
two residents from medical records or by telephone. For
radiography, subjects were instructed to stand in a com-
fortable position, with the hips and knees fully extended
[16]. Arms were flexed with the hands resting on
supports at the level of their shoulders [16]. All
radiographs were obtained in digital format. Parameters
related to sagittal alignments were measured three times
independently by a post-graduate student, a resident
orthopedic surgeon, and a senior orthopedic surgeon,
using Image ] (Bio-Rad, Hercules, CA, USA). These in-
vestigators were blinded to patient information. Each
parameter was measured by each of the three re-
searchers, and an average value was calculated. BMD
was indicated by a T score.

Radiographic parameters

The following sagittal parameters of spine and pelvis
were evaluated on each long, standing lateral X-ray:
thoracic kyphosis (TK), lumbar lordosis (LL), thoracol-
umbar kyphosis (TLK), T9 sagittal offset (T9SO), T1
sagittal offset (T1SO), sacral slope (SS), pelvic incidence
(PI), pelvic tilt (PT), C7 tilt (C7T), spino-pelvic angle
(SSA), and sagittal vertical axis (SVA). TK was mea-
sured as the angle between the upper end plate of T5
and the lower end plate of T12 (Fig. 1) [17]. LL was
measured as the angle between the two lines through
the superior end plate of L1 and S1, respectively [17].
TLK was measured as the angle between the upper end
plate of T10 and the lower end plate of L2 [17]. For
T1SO, we drew a straight line through the midpoint of
the T1 vertebral body and the middle point of the line
of two femoral heads; then T1SO was defined as the
angle between this straight line and the vertical [8].
T9SO was similarly defined in relation to the straight
line through the midpoint of the T9 vertebral body [8].
SS was defined as the angle formed between the super-
ior end plate of S1 and the horizontal plane [17]. PT
was defined as the angle between the vertical and a
straight line joining the centers of the femoral heads
and the center of the superior end plate of S1 [17]. PI
was defined as the angle between a line drawn from
center of the hip axis to the center of the superior end
plate of S1 and perpendicular to the end plate [17].
C7T was defined as the angle formed between the hori-
zontal plane and the line joining the center of C7 and
the center of the sacral end plate [18]. We drew a
straight line between the midpoint of the C7 vertebral
body and the midpoint of the S1 superior end plate.
And the SSA was defined as the angle between the
straight line and the S1 superior end plate [18]. SVA
was defined as the vertical distance from the posterior
margin of S1 superior end plate to sagittal C7 plumb
line [19].
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Statistical analysis

All data were described in the form of the mean value
and standard deviation (SD), and analyzed using the
SPSS 20.0 software (SPSS Inc., Chicago, IL). Interob-
server reliability was analyzed using the kappa statistic.
Numerical data were tested by the one-sample
Kolmogorov-Smirnov test to determine if it was a nor-
mal distribution. The “kyphosis group” was defined as
TK > 50° and the rest were the “non-kyphosis group.”
Mean values of age, height, weight, BMI, BMD, and
sagittal parameters were compared between the two
loading groups, using independent-samples ¢ tests.
Gender and “kyphosis” ratios were compared using the
chi-square test. Binary logistic regression was used to
identify significant risk factors for kyphosis. Sub-analyses
were performed for males and females. Statistical signifi-
cance was set at a level of p < 0.05.

Results

Clinical data

All measurement data conform to the normal distribu-
tion. The kappa value of was 0.698~0.834 which indi-
cated good interobserver reliability. A total of 212 males
and 251 females were enrolled in this study. Average age

Table 1 Comparison of loading and non-loading groups
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(SD) was 66.8 (13.3) years, height 161.2 (8.0) centime-
ters, weight 61.2 (10.4) kilograms, BMI 23.5 (3.2), and
BMD 1.11 (0.24). The “Loading group” included 86
males and 98 females with average age 73.3 (SD 8.3)
years, whereas the “Non-loading group” included 126
males and 153 females with average age 63.7 (SD 14.1)
years. As shown in Table 1, age and the number of
patients diagnosed as kyphosis were significantly higher
in the loading group (p < 0.001), but gender, height,
weight, BMI, and BMD were not significantly different
(p > 0.05). The following spino-pelvic parameters were
significantly greater (p < 0.05) in the loading group: TK
(mean 39.1° vs 32.8°), TLK (25.8° vs 10.1°), and T9SO
(12.2° vs 10.1°). Other values were not significantly dif-
ferent between the two groups (p > 0.05).

Stratified statistics by gender

In males, the mean age was significantly higher in the
loading group than in the non-loading group, but of all
the spino-pelvic parameters, only TK was significant
higher in the loading group (Table 1). In females, age
was also higher in the loading group, as were the follow-
ing spino-pelvic parameters: TK, TLK, and T9SO. What
is more, BMD in females was also significantly lower in

Overall Male Female

Loading Non-loading p value Loading Non-loading p value Loading Non-loading p value
Number 184 279 86 126 98 153
Male/female 86/98 126/153 0.951
Age 733 £83 63.7 £ 14.1 0.000** 743 £9.2 63.0 £ 14.1 0.000%** 725+£76 64.3 = 14.1 0.000**
Height 1608 £ 7.8 1616 £ 8.2 0.566 167.1 £6.2 1673 £ 65 0.892 1556 + 44 155.7 + 48 0932
Weight 59.7 £ 117 626 £ 9.6 0.098 646+ 113 66.6 £ 9.1 0426 555+93 584 +83 0.168
BMI 23.0£33 23.9 £ 3.00 0.075 231 £34 238 £29 0376 229 £33 241 £ 32 0.113
BMD 1.05 + 0.25 115+ 024 0.076 117 £0.21 124 £0.26 0471 095 + 024 1.09 £ 0.20 0.040*
TK 391 +£170 328+ 174 0.007** 416 + 16.7 373+158 0.189 372+170 295+178 0.014*
LL 405 + 235 375+ 220 0.309 444 + 239 395+ 181 0232 37.6 £ 23.1 360 + 244 0.701
TLK 258 £ 164 10.7 £ 140 0.005%** 329+ 94 171 £75 0.002** 186 + 195 41 £156 0.038*
T9SO 122 +£58 101 £52 0.004** 109+ 56 98 £ 43 0.269 131 £58 103 £ 5.7 0.006**
T1SO 41 +59 29+£50 0.079 32+£65 1.7 £41 0.137 48 +54 3854 0.271
SS 261 £120 284 £ 103 0.123 292 +£82 295 +92 0.876 238+ 138 275+ 110 0.079
PI 461 £ 117 467 £12.2 0.706 466 £ 106 460 £ 11.3 0.781 457 £126 472 £129 0.501
PT 220+ 123 194 £ 133 0.123 195+ 111 174 £ 102 0333 240+ 130 208 £ 15.1 0.218
7T 932 £ 8.1 924 £+ 66 0402 924 +63 934 + 60 0446 938 +£92 91.7 £ 69 0.125
SSA 1134 £ 145 116.1 £ 142 0.152 1162 £ 109 1162 £ 115 0.982 1M1.3£165 116.1 £ 159 0.091
SVA 412 £ 590 322 £592 0.247 39.0 £ 629 42.1 £ 568 0.794 429 + 563 24.8 +£60.2 0.081
Kyphosis Y/N  77/107 66/213 0.002%*  38/48 33/93 0.046* 39/59 33/120 0.019*

TK thoracic kyphosis, LL lumbar lordosis, TLK thoracolumbar kyphosis, T950 T9 sagittal offset, T1SO T1 sagittal offset, SS sacral slope, PI pelvic incidence, PT pelvic

tilt, C7T C7 tilt, SSA spino-pelvic angle, SVA sagittal vertical axis
Values are mean + SD
*Indicates p value < 0.05, ** indicates p value < 0.01
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the loading group which suggested that BMD might in-
fluence the spino-pelvic morphology in female group.
The proportion of patients with “kyphosis” (TK > 50°)
was significantly higher in the loading than non-loading
groups, suggesting shoulder loading might be a risk fac-
tor for kyphosis.

Analysis of kyphosis factors

Mean age was significantly higher in the “Kyphosis” than
“Non-kyphosis” group (60.7 vs 56.1 years) as shown in
Table 2, but other factors such as height, weight, BMI,
and BMD were not significantly different. Bivariate logis-
tic regression analysis of kyphosis diagnosis and shoulder
loading suggested that shoulder loading could be an in-
dependent risk factor of kyphosis (Table 3), adjusted for
age.

Discussion

Degenerative spinal kyphosis in the elderly is a common
phenomenon, with the age increasing and the stability of
spine decreasing [20]. Recently, there has been an in-
creasing emphasis on the understanding of sagittal spinal
alignment and many factors can influence the spino-
pelvic morphology, such as age, BMD, and occupation
[6-10, 21]. Therefore, an excessive stress concentrated
on the spine may influence the physiological curvature
and bring degeneration and deformity of spine [3, 4]. In
China, as a developing country, there is still a large
group of old farmers who engaged in heavy shoulder
loading work when they were young. Whether the shoul-
der loading in young will aggravate the spine deformity
as they get older is worth investigating to prevent the
spine deformity.

Summary of results

Our study compared 184 farmers, who subjected their
backs to > 20 years of heavy shoulder loading, with 279
office workers who did little occupational shoulder
loading. Measures of thoracolumbar kyphosis were
significantly higher in the “Loading” group than in the
“Non-loading” group. What is more, the effect of heavy

Table 2 Differences between the “Non-kyphosis” and “Kyphosis”

groups

Non-kyphosis Kyphosis p value
Age (years) 56.1 +13.7 60.7 + 94 0.049*
Height 161.7 £ 8.1 158.1 + 64 0.063
Weight 61.7 £ 105 583+ 95 0.183
BMI 235 +£32 234 £ 39 0.866
BMD 112+ 024 1.05 = 0.31 0.440

Values are mean + SD
*Indicates p value < 0.05
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Table 3 Bivariate logistic regression analyses to predict
“Kyphosis” diagnosis from “Loading”

Adjustment Odds ratio 95% confidence interval p value
Model 1 3.176 1.573-6413 0.001**
Model 2 2.774 1.321-5.825 0.007**
Model 3 6.123 1.830-20.489 0.003**
Model 4 5600 1.680-18.665 0.005**
Model 5 6.160 1.822-20.827 0.003**

Model 1, unadjusted (“Loading” was the only predictor variable). Model 2,
adjusted for age; model 3, adjusted for age and height; model 4, adjusted for
age and weight; model 5, adjusted for age, height, and weight

*Indicates p value < 0.05, ** indicates p value < 0.01

shoulder loading on kyphosis is more notable in females
than males because of the low estrogen level.

Relationship to previous study

The deformation of bone subjected to loads is not in-
stantaneous but varies with time [22]. As suggested by
Luo, deformity of vertebrae arises from an accelerated
“creep” mechanism [23, 24], and vertebroplasty could re-
duce the progressive creep deformity of fracture [25].
Meanwhile, O’Callaghan suggested that with the increase
of vertebral trabecular bone damage substantial creep
deformation may occur even when the vertebra was
under physiological loads [26]. Therefore, vertebrae ky-
photic posture of Chinese farmers leads to anterior
wedge deformity as a result of (a) fractures and (b) bone
creep attributed to long-time shoulder loading.

Explanation of results

The strength of the lumbar spine is higher than that of
the thoracic spine, and in the lumbar region, it is also
strengthened by the paravertebral structure such as
muscle [27]. Therefore, thoracic spine could bear less
stress than lumbar spine, and when excessive stress con-
centrated on the shoulders, the stress transferred from
shoulder to thoracic vertebrae [28, 29]. If the stress is
beyond the range of the spine bearing, it could lead to
wedge change, instability, and cumulative injury in thor-
acic spine, and cause deformity at last [29]. In loading
group, the paravertebral muscle may be much stronger
for their daily exercise by heavy shoulder loading [30].
So the lumbar spine does not show significant difference
in the morphology as well as the non-loading group. On
the other hand, as the development of economic level
and improvement of medical conditions, more and more
patients seek for medical help when the symptom ap-
pears rather than bear for a long time until the severe
deformity of spine or pelvis. As for the effects of nutri-
tion and economic conditions on spinal morphology,
since the data are collected in the same province, we as-
sume the economic conditions and nutritional status of
the subjects are at a close level. Meanwhile, nutritional
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status may also be reflected from BMI to some extent. It
is certain that back pain will affect the stand position, es-
pecially the severe back pain. However, 3 months of pain
may not cause significant changes in spinal morphology.
When there is pain in both groups, the difference be-
tween the two groups may not be significant affected by
the pain.

Weaknesses of this study

Patients were all recruited in Zhejiang province which is
a developed region in China, and the natural progression
of their spinal curvature may have been interrupted by
recent medical and social changes. Meanwhile, the pa-
tient data came from only two hospitals and the sample
size was barely adequate. Also, statistical results may
have been biased by missing data, such as BMD. And
due to relatively limited number of cases, it is difficult to
analyze the relationship between concrete loading time
and sagittal spino-pelvic morphology. Our next research
plans to choose more hospital to increase the sample
size and investigate the less developed provinces in cen-
tral and western China. Since office works have history
of long-period sitting, which could also affect the spine
morphology, they may not be the best control group.
Compared with long-time shoulder loading on the spine,
the loads carried by the office workers are not nearly as
great. However, this may still be a limitation of our
study. What is more, with the increase of age, disc de-
generation will inevitably occur in both groups of sub-
jects, which may be hard to exclude.

Conclusions

Long-term shoulder loading in youth is a risk factor for
pathological thoracic kyphosis especially in the lower
thoracic spinal segments when farmers getting older.
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