European Spine Journal (2019) 28:2216-2222
https://doi.org/10.1007/500586-019-06042-w

ORIGINAL ARTICLE q

Check for
updates

Residence could influence the surgical outcome after corrective
surgery in adult spinal deformity: comparison study between urban
and rural area in Korea

Un-Yong Choi’ - Ji-In Kang? - Jeong-Yoon Park? - Sung-Uk Kuh? - Dong-Kyu Chin? - Keun-Su Kim? - Yong-Eun Cho? -
Kyung-Hyun Kim?

Received: 25 November 2018 / Revised: 6 May 2019 / Accepted: 16 June 2019 / Published online: 24 June 2019
© Springer-Verlag GmbH Germany, part of Springer Nature 2019

Abstract

Purpose Numerous factors affect the surgical outcomes in patients with adult spinal deformity (ASD). However, no study
has examined the relationship between residence and physical factors and surgical outcomes in patients with ASD. Here,
we analysed the impact of residence and physical factors on the post-operative outcomes of patients with ASD residing in
urban (U) and rural (R) environments.

Methods We retrospectively reviewed data from patients who had undergone ASD surgery with sacropelvic fixation at a
single institution between June 2011 and May 2017 with a minimum 1 year follow-up. We divided the patients into two
groups (U and R). Preoperative demographic data were reviewed, and radiographic parameters were measured preopera-
tively, immediately postoperatively, at 1, 3, and 6 months, and at the final follow-up. The L4 axial paraspinal muscles were
measured preoperatively using magnetic resonance imaging.

Results There were 25 and 34 patients in the U and R groups, respectively. Both groups had similar preoperative demographic
and radiological parameters. There were no differences between the groups in post-operative radiographic parameters, clinical
outcomes, and complications, but proximal junctional kyphosis (PJK) was significantly higher in the R group. Additionally,
muscle mass in the multifidus and erector spinae was lower in the R than in the U group.

Conclusions Patient residence influenced PJK in patients with ASD. Mass reduction in the trunk extensor muscle is an impor-
tant and existing risk factor for PJK. Surgeons should be aware of this information for preoperative counselling, informed
consent, and post-operative education of patients with ASD.
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Introduction

Adult spinal deformity (ASD) is becoming increasingly
important as the population ages and quality of life is an
issue of note. Numerous studies have been conducted with
patients with ASD, and the importance of pelvic parameters
and sagittal balance has been emphasized. The Scoliosis
Research Society (SRS)-Schwab ASD classification [1, 2]
uses sagittal modifiers such as pelvic tilt (PT), the sagittal
vertical axis (SVA), and the mismatch between pelvic inci-
dence and lumbar lordosis (PI-LL), based on radiographic
alignment analysis, to determine thresholds used for treat-
ment planning.

Nevertheless, ASD correction is challenging in spinal sur-
gery due to the complexity of structural pathology and clini-
cal presentation. Many factors affect the outcomes of surgery
in patients with ASD, including the severity of deformity
and imbalance, method of surgery, level of upper and low-
est instrumented vertebra, instrument material, and patient
factors [3-9].

Takemitsu et al. [10] studied community-based cohorts
of patients with ASD and found that women living in rural
areas showed severe histological atrophy in the back muscles
and aggravated kyphosis during walking. These women were
mostly farmers, and the causes of spinal deformity were
overuse of the back muscles, repeated minor injuries, and
increased compartmental pressure during prolonged bend-
ing postures.

Numerous studies with patients with adolescent idio-
pathic scoliosis (AIS) have found that lifestyle and residence
affect post-operative quality of life [11, 12]. However, unlike
AIS, no study has reported on the relationship between resi-
dence and physical factors and surgical outcomes in patients
with ASD. The objective of this study was to analyse the
impact of residence and physical factors on the post-oper-
ative outcomes of patients with ASD residing in urban (U)
and rural (R) environments.

Patients and methods
Patient population

The institutional review board approved this study (IRB
No. 3-2017-0371). We retrospectively reviewed consecu-
tive patients with ASD with sacropelvic fusion by a single
surgeon at a single centre between June 2011 and December
2017. We included patients with ASD with at least one of the
following marked deformities of the sagittal modifier of the

SRS-Schwab classification: mismatch between PI minus LL
greater than 20°, SVA greater than 95 mm, PT greater than
30°. The area of residence was recorded when the patient
was hospitalized for surgery. The U and R area categories
were based on the OECD Urban Policy Reviews Korea 2012,
patients residing in the 45 functional U areas classified in
this book were included in the U group, and those residing
in the remaining areas were included in the R group. The
inclusion criteria for this study were age older than 18 years
and a follow-up period of at least 1 year and the availability
of appropriate imaging studies, such as whole spine radi-
ography, computed tomography (CT), and magnetic reso-
nance imaging, preoperatively and postoperatively. Patients
who had undergone total sacrectomy were excluded from
this study because reconstruction and operative invasive-
ness were likely to affect clinical and radiographic outcomes
due to differences in biomechanical strength. Based on the
criteria, the U group was composed of 25 patients and the
R group of 35 patients. The diagnoses were lumbar degen-
erative kyphosis (n=30), iatrogenic flat back (n=25), post-
traumatic kyphosis (n=3), and kyphosis due to spondylo-
discitis (n=1).

Radiographic measurements

All subjects had 36-inch standing scoliosis radiographs for
which the patients were not supported by external means
such as walkers or hanging bars. Preoperative, immediate
postoperative, 3-, 6-, and 12-month postoperative, and final
follow-up anteroposterior and lateral radiographs were used
to measure SVA, LL, PI, PT, sacral slope, thoracic kyphosis
(TK), and cervical lordosis. Proximal junctional kyphosis
(PJK) was defined as a “proximal junctional sagittal Cobb
angle between the lower endplate of the uppermost instru-
mented vertebra and the upper endplate of the one supra-
adjacent vertebrae and at least 10° greater than the preopera-
tive measurement” [13]. Post-operative spine fusions were
evaluated using the 4-point scale Bridwell fusion classifica-
tion based on CT at 12 months postoperatively.

Spinal muscle assessments

MRI was performed using 1.5 Tesla equipment (MAG-
NETOM Avanto, Siemens, Munich, Germany). The patient
was placed in the supine position with a foam wedge under-
neath the knees to maintain the hips and knees slightly flexed
and a standardized lumbar position and symmetric alignment
of the lower limbs. In the axial plane, the cross-sectional
area (CSA) of the intervertebral disc, multifidus, erector spi-
nae, and psoas major muscle was measured by drawing their
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Fig. 1 Cross-sectional area of paraspinal muscles T2 axial images
obtained at the L4/5 levels showing the lumbar paraspinal muscles.
DISC: intervertebral disc; MF: multifidus; ES: erector spinae; PS:
psoas muscle; and PJK: proximal

outline using the region of interest of the PACS program
(Fig. 1, Centricity 3.0, General Electric Medical System,
Milwaukee, WI, USA).

Fatty degeneration of the muscles was estimated accord-
ing to the method of Ranson et al. [14] using a threshold of
120 for the greyscale to exclude the pixels representing fat
content from each muscular CSA. The amount of fat was
calculated by subtracting the muscle without the fat value
from the total muscle value. The images were adjusted with
image processing software (Imagel, version 1.48, National
Institutes of Health, Bethesda, Maryland, USA). Thereafter,
we calculated the relative CSA, the ratio of CSA to the mus-
cle of the disc, which was used to control the effects of body
shape, weight, and height on the CSA of the muscle [15-17].

Post-operative management

Patients attempted to routinely stand and/or walk as often as
possible on post-operative day 1. Subsequently, the patients
were treated with a rehabilitation program through coop-
eration with the rehabilitation department and discharged
within 3 weeks. The standard protocol of the rehabilitation
program included progressive walking, as tolerated, with
avoidance of squatting and bending at the waist. Patients
were first followed up on an outpatient clinic basis and used
a thoracolumbosacral orthosis for periods ranging from 1 to
2 months depending on each patient’s status.

Statistical analysis
Data are presented as means + standard deviations, unless
specified otherwise. Intergroup comparisons of categori-

cal variables were performed using the Chi-square test or
Fisher’s exact test. The unpaired t test was used to analyse
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parametric continuous variables. Moreover, the Mann—Whit-
ney U test was used to analyse nonparametric continuous
variables. Kaplan—Meier analysis was used to evaluate the
timing and incidence of complications. All reported P values
were two-sided, and P < 0.05 was considered statistically
significant. All statistical analyses were performed using
SPSS (IBM Corp., Armonk, NY, USA).

Result
Patient demographics

Regarding baseline characteristics, there were no statistically
significant differences in age, sex, body mass index, follow-
up period, bone mineral density, history of smoking, diabe-
tes mellitus, hypertension, previous operations, and surgical
diagnoses between the U group and the R group. Moreover,
there were no significant differences in age > 55 years, osteo-
penia, and osteoporosis between the two groups (Table 1).

Operative results

Operatively, there were no statistically significant differences
between the groups in terms of fusion levels (6.96+2.90
vs. 7.73 +£1.83, U group vs. R group; P=0.250), operative
time (440.84 +£91.52 vs. 454.76 +£117.94; P=0.625), esti-
mated blood loss (2470 + 1854 vs. 2761 +1581; P=0.519),
intensive care unit stay period (1.48 +£1.47 vs. 0.88 +1.14;

Table 1 Patient demographics

Urban (n=25) Rural (n=34) P

Age 63.40+14.11 66.64+5.29 0.282

Age>55 14 (56.0) 20 (58.8) >0.999
Male:female 5:20 5:29 0.729
BMI (kg/m2) 24.07+3.35 23.80+3.25 0.760
Follow-up (days) 616+244 670265 0.571
BMD —-2.15+0.76  —2.455+1.09 0.302

Osteopenia 18 (97.7) 31 (93.9) >0.999

Osteoporosis 7 (36.8) 14 (42.4) 0.774
Previous surgery 15(60.0) 15(44.1) 0.295
HTN 13 (52.0) 15 (44.1) 0.605
DM 4 (16.0) 7 (20.6) 0.745
Smoking status 3(12.0) 2(5.9) 0.641
Diagnosis 0.139

Degenerative deformity 10 (40.0) 20 (58.8)

Tatrogenic flat back 13 (52.0) 12 (35.3)

Post-traumatic 1(4.0) 2(5.9)

Infection 1(4.0) 0

BMI body mass index, BMD bone mineral density, HTN hyperten-
sion, and DM diabetes mellitus
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P=0.099), and rod construct count (P =0.300). The score
on the preoperative pain visual analogue scale (VAS) was
higher in group U than in group R, but the pain VAS in both
groups was significantly improved (Table 2).

Radiographic results

Large SVA difference (> 50 mm), large LL change (> 30°),
preoperative TK +LL + PI (>40°), large preoperative TK
(>40°), and fusion grade were not significantly different
between the groups (Tables 3 and 4.) The complication pro-
files including rod fracture, reoperation rate, proximal junc-
tional failure, surgical site infection, and screw fracture were
not statistically significantly different between the groups.
However, the incidence of PJK was significantly higher in
the R group than in the U group (20% vs. 52.9%, U vs. R;
P=0.015). According to the Kaplan—Meier survival analy-
sis, the mean time of the PJK was 859 days in the R group
and 1018 in the U group, which was statistically significant

Table 2 Operative outcomes

Urban (n=25) Rural (n=34) P

Fusion level 6.96+2.90 7.73+1.86 0.250
OR time (minutes) 440.84+91.52 45476 +£117.94 0.625
EBL (ml) 2470+ 1854 2761 +1581 0.519
ICU stay (day) 1.48+1.47 0.88+1.14 0.099
Rod count 0.300

2 14 (56.0) 24 (70.6)

3 5(20.0) 7 (20.6)

4 6 (24.0) 3(8.8)
VAS

Preoperative 7.56+1.53 6.41+1.43 0.005

Postoperative 1.96+1.62 1.88+1.12 0.828

Difference 5.60+1.93 452+1.52 0.021

OR operating room, EBL estimated blood loss, ICU intensive care
unit, and VAS visual analogue scale

Table 3 Comparison of radiologic parameters outcomes

(P=0.047; Fig. 2). However, there were no differences
in the bony and ligament types, which are PJK subtypes
(P>0.999)

Spinal muscle results

The CSA of the intervertebral disc and the erector spinae
and psoas muscles and fat infiltration of the multifidus, erec-
tor spinae, and psoas muscles were not significantly different
between the groups. The relative ratio (CSA of the muscle
* fat infiltration/CSA of the intervertebral disc) of the mul-
tifidus and erector spinae was significantly higher in the R
group than in the U group (Table 5). The CSA and rela-
tive ratio of the L4 erector spinae muscle were significantly
lower in the PJK group than in the non-PJK group (Table 6).

Discussion

Spinal deformity in adults has a significant impact on health-
related quality of life. As the general population continues to
age and the elderly are living longer, the prevalence of ASD
continues to increase. The prevalence of ASD in the general
population is reported to range from 4 to 32% [18-20] and to
be as high as 68% in the older population [1]. ASD has been
studied with great interest over the past decade. The risk
factors affecting outcome after corrective surgery for ASD
include old age, sacropelvic screw type, large mismatch on
SVA and LL, osteopenia, fusion to S1, and large TK [21].
In this study, the incidence of PJK was significantly
higher in the R group than in the U group, and the timing
of PJK onset was also earlier. There was no difference
in the preoperative patient factors and sagittal imbalance
between the two groups as well as intraoperative factors
and radiological results after deformity correction surgery.
This suggests that PIK is influenced not only by the exist-
ing factors but also by the patient’s social factors such
as post-operative lifestyle and living environment. In the

Preoperative Postoperative Final follow-up

Urban Rural P Urban Rural P Urban Rural P
SVA  96.187+78.130 109.750+56.480 0.442 40.150+54.569 29.968+35.998 0.408 65.296+59.516 66.033+30.677 0.955
PI-LL 40.536+26.529  48.688+16.742 0.154 12.726+11.866 10.961+13.112 0.611 20.288+15.649 21.121+13.886 0.830
LL 15.468 +£28.518 3.853+16.779 0.077 41917+13.788 39.947+13.908 0.605 35.076+15.265 31.076+14.371 0.308
SS 25.108+14.444  18.735+9.107 0.060 32.683+12.698 29.209+9.915 0.260 30.508+10.649 24.891+8.399 0.027
PT 30.912+12.059  34.253+11.218 0.284 22.226+11.132 21.578+10.195 0.824 25.024+9.999 27.329+10.176 0.390
PI 56.092+17.486  52.588+10.894 0.383 54.639+17.101 50.972+10.549 0.369 55.304+17.399 52.215+10.100 0.432
TK 20.456+16.905 12.726+10.194 0.050 23.187+19.220 23.900+11.275 0.863 28.204+17.067 27.239+13.406 0.809
CL 18.448 +14.964 17.518+11.668 0.789 16.239+11.632 11.119+12.532 0.130 17.868+15.341 17.838+11.850 0.993

SVA sagittal vertical axis, LL lumbar lordosis, SS sacral slope, PT pelvic tilt, PI pelvic incidence, TK thoracic kyphosis, and CL cervical lordosis
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Table 4 Characteristics radiographic measurements and complication
between groups

Urban (n=25) Rural (n=34) P

SVA difference>50 mm 11 (47.8) 20 (62.5) 0.409
LL difference >30° 11 (47.8) 18 (56.2) 0.592
Pre-TK +PI+LL >40° 13 (52.0) 24 (70.6) 0.179
Preoperative TK >40° 3(12.0) 1(2.9) 0.179
Fusion grade 88.9 94.7 0.472

I 6(33.3) 10 (52.6)

I 10 (55.6) 8 (42.1)

I 2(11.1) 1(5.3)

v 0(0) 0(0)

PJIK 5(20.0) 18 (52.9) 0.015
Bony 4 (80.0) 12 (66.7) >0.999
Ligament 1 (20.0) 6(33.3)

Rod fracture 5(20.0) 8 (23.5) 0.765

Reoperation 5(20.0) 5@14.7) 0.729

PIF 3(12.0) 1(2.9) 0.302

SSI 2 (8.0) 1(2.9) 0.569

Screw fracture 3(12.0) 4(11.8) >0.999

SVA sagittal vertical axis, LL lumbar lordosis, 7K thoracic kyphosis,
PI pelvic incidence, CL cervical lordosis, PJF proximal junctional
failure, and SS7 surgical site infection
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Fig.2 Kaplan—Meier survival analysis curve for proximal junc-
tional kyphosis was statistically different between the two groups.
(p=0.047)

previous AIS studies [11, 22], social factors affected post-
operative outcomes and patient quality of life. These stud-
ies also found that a U or R residence environment may
influence the outcome and lifestyle of patients. Although
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Table 5 Comparison of preoperative L4 axial muscle measurements

Urban (n=25) Rural (n=34) P

CSA of the disc (mm?) ~ 2046.3+293.0  22222+383.1 0.060
CSA of the MF (mm?) 519.2+293.0 387.4+176.7 0.013
Fat infiltration of MF 80.2+19.6 81.5+15.3 0.777
CSA of the ES (mm?) 1310.5+377.4  1172.0+330.2 0.140
Fat infiltration of ES 86.9+12.2 81.0+14.8 0.115
CSA of the PS (mm?) 815.3+239.1 833.2+268.5 0.792
Fat infiltration of PS 99.1+2.2 99.1+14 0.979
Relative ratio of MF 20.6+9.7 14.3+6.7 0.005
Relative ratio of ES 57.3+19.7 44.1+17.5 0.009
Relative ratio of PS 397114 37.5+11.0 0.459

CSA cross-sectional area, MF multifidus, ES erector spinae, and PS
psoas muscle

Table 6 PJK vs. non-PJK

PIK (n=23) Non-PJK (n=36) P
CSA of the disc (mm2) 2186.9+368.9 2122.6+350.5 0.503
CSA of the MF 397.5+209.7 472.4+199.1 0.173
Fat infiltration of MF 81.7+15.0 80.5+18.8 0.785
CSA of the ES 1111.1+£313.8 1307.2+362.0 0.037
Fat infiltration of ES 82.0+13.8 84.4+14.1 0.519
CSA of the PS 792.0+£252.2  847.0+257.1 0.423
Fat infiltration of PS 99.1+1.3 99.1+2.0 0.937
Relative ratio of MF 15.2+8.7 18.0+8.6 0.225
Relative ratio of ES 43.4+18.3 53.7+19.4 0.047
Relative ratio of PS 36.1+10.4 40.0+11.4 0.188

CSA cross-sectional area, MF multifidus, ES erector spinae, PS psoas
muscle, and PJK proximal junctional kyphosis

other AlS-related studies [23] have not shown that lifestyle
affects scoliosis in AIS, the AIS onset is in adolescence
and degeneration has not progressed. ASD progressively
worsens in old age [24], and lifestyle affects the disease.

In the R areas of Korea, the back muscles and constant
flexion postures are frequently used while sitting on floor
and during farming activities [25]. There have been studies
[26, 27] showing that this lifestyle causes fatty changes in
the back muscles and reduces extensor muscle strength.
According to a biomechanical analysis by Le Huec et al.,
an anterior shifting of the centre of gravity increases the
lever arm effect and easily damages the spine, which leads
to compression fracture of the spine [28]. Constant flexion
postures while sitting on floor and during farming activi-
ties increase the risk of PJK to the R group by moving the
centre of gravity forward. Additionally, repeated flexion
causes frequent stress on the upper instrumented vertebrae,
causing PJK to develop and to occur earlier.
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Kobayashi et al. reported a motion relationship between
trunk flexor strength and extensor strength [27]. They reviewed
lumbar degenerative kyphosis, which is a sagittal imbalance
associated with reduced extensor muscle strength by 22%,
active ROM by 55%, passive ROM by 13%, and increased
ambulatory kyphosis by 117%. In the current study, the rela-
tive ratios of trunk extensor muscle group (multifidus and
erector spinae muscles) in the R group were statistically sig-
nificantly different from those in the U group, but the psoas
muscle was no difference. In the PJK group and the non-PJK
group, the relative ratio of the erector spinae muscle showed a
significantly smaller value in the PIK group. These results sug-
gest that the deterioration of the trunk extensor muscle in the
R group may have affected the occurrence and timing of PJK.

This study has several limitations. First, it is limited by its
single-centre design, retrospective nature, and the relatively
small sample size. Second, although the patients were catego-
rized according to the area where they lived, the question-
naire did not quantify patient lifestyle. Finally, the amount of
muscle mass was not measured in the whole body but in the
L4 axial cross section. The L4 axial CSA could not represent
whole muscle mass, but the relative ratio was measured using
intervertebral disc CSA to control this problem. As such, the
results of this study warrant the need for larger prospective,
multicentre studies to further extrapolate them to future patient
care.

Conclusion

The current study showed that the R group had higher inci-
dence and earlier onset of PJK than did the U group. Reduc-
tion in the muscle mass of the trunk extensor muscle is an
important factor in the incidence and occurrence, as well as
an existing risk factor for PJK. These factors may help explain
the higher incidence of PJK among rural dwellers and provide
direction on how post-operative complication prevention and
management strategies could be tailored to meet the needs of
patient with muscle mass reduction.
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