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Abstract
Study Design: a retrospective study.

Summary of Background Data: Long-level spinal instrumented fusion for DLS by intention eliminated
spinal motion in an attempt to alleviate pain, improve deformity, and reduce disability. However, this
surgery considerably impaired performance of activities of daily living (ADL) due to the resulting
stiffness. The lumbar stiffness disability index (LSDI) was a validated measure of the effect of lumbar
stiffness on functional activity, however, which might not be fully applicable to elderly Chinese population
because of their several special lifestyles.

Objective: To evaluate the lumbar stiffness in patients with degenerative lumbar scoliosis (DLS) after
long-level fusion by Chinese-LSDI (C-LSDI).

Methods: 129 DLS patients underwent long-level (≧4 levels) fusion surgery with at least one-year follow-
up were included. The C-LSDI was designed by modifying LSDI and Korean-LSDI (K-LSDI) considering
elderly Chinese lifestyles, and the patient-reported outcome questionnaire measuring the impact of
lumbar stiffness on functional abilities in elderly Chinese with DLS was assessed for internal consistency
and retest repeatability.

Results: All patients showed increased lumbar stiffness with signi�cantly improvement in pain and
deformity postoperatively, and for items of performing personal hygiene after toileting and getting out of
a car, people performed more inconvenient with increasing �xed levels. Compared with LSDI and K-LSDI,
the C-LSDI demonstrated high internal consistency (Cronbach’s alpha=0.902) and retest reliability
(ICC=0.904) in the elderly Chinese population.

Conclusion: This study demonstrated that the C-LSDI questionnaire was a reliable and valid instrument
for assessing functional limitations due to lumbar stiffness among elderly Chinese patients with DLS
after long-level fusion. Although the effects of stiffness did trend toward greater impacts among patients
underwent longer fusions, most patients were satis�ed with trade-offs of function and pain relief in
exchange for perceived increases in lumbar stiffness.

Introduction
Degenerative lumbar scoliosis (DLS) is a sort of adult spinal deformity (ASD) disease associated with
degeneration of lumbar spine. The prevalence of DLS in Chinese Han population above 40 years old is
around 13.3%[1]. Patients with the Cobb angle ≥20° exhibit signi�cant scoliosis and often needed
correction surgery with long-level fusion[2,1,3,4]. Lumbar arthrodesis by intention reduces spinal motion
in an attempt to decrease pain, deformity, and instability[5]. With increasing numbers of levels fused,
however, the resulting loss of lumbar motion had been shown in some patients to impact ability to
perform certain activities of daily living(ADL), such as bathing, toileting[6], transferring, and dressing[5].
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Despite this, there were limited data measuring the functional effects of loss of lumbar mobility after
long-level fusion.

Although several self-reported outcomes tools speci�cally designed for patients who had lumbar spinal
surgery were available, they primarily measured pain levels, general health status, and global functioning,
and did not address limitations due to spinal stiffness[7-12]. Activities of daily living included bathing,
ambulating, toileting, transferring, eating, and dressing. Requirements of lumbar spinal mobility for
performance of routine ADL were not well documented, advising patients regarding the likely impacts of
lumbar fusion on speci�c functional activities was di�cult.

In an effort to provide objective data regarding expected functional limitations after arthrodesis, Hart et
al[13] developed and validated the lumbar stiffness disability index (LSDI) as a patient-reported measure
of the effects of stiffness on ability to perform various ADL, and then the index was used in several
clinical studies to evaluate lumbar mobility after arthrodesis[13-15]. Choi et al[16] designed a modi�ed
LSDI considering Korean life style (have a �oor-living lifestyle without the use of a bed or a chair, have
defecating and toileting in a squatting posture, and have worked in a squatted or crouched posture for
agricultural work or household work for a long time). Due to characteristics of elderly Chinese lifestyles,
neither the need of self-drive (more than 35% said they have no need for self-drive), nor the lifestyle of
�oor living, but the need to bend over housework, maybe neither of these two versions could be used to
evaluate lumbar stiffness in Chinese elderly perfectly. This study described the contents of a modi�ed
LSDI (Chinese version LSDI, C-LSDI), considering elderly Chinese lifestyles, and an assessment of its
internal consistency and test-retest reliability, the key point was the study evaluated its clinical outcome in
patients of Chinese population with DLS after long-level fusion.

Materials And Methods
Our study was approved by ethical review board of our institution. We retrospectively reviewed DLS
patients underwent long-level fusion surgery from June 2009 to September 2017 in our hospital.
Inclusion criteria were: 1) ≥40years; 2) ≥4 fused levels; 3) isolated posterior instrumented arthrodesis; 4)
minimum 1-year follow up; Exclusion criteria were: 1) other pathology of scoliosis, including idiopathic
scoliosis, traumatic scoliosis, ankylosing spondylitis, tuberculosis and tumor; 2) previous lumbar
instrumented surgery; 3) severe postoperative complications; 4) severe hip and knee joint diseases or
severe low back pain caused by other reasons. Totally 129 patients were included in our study. There
were 26 males and 103 females. The mean age was 62.8 years (range: 40-79 years), and the mean BMI
was 25.2 kg/m2(range: 17-35 kg/m2).

The general information was collected by electronic medical record system in our hospital, including age,
sex, and body mass index (BMI). The surgery-related data including upper instrumented vertebrae (UIV),
lower instrumented vertebrae (LIV), fusion to S1, and �xed levels. Two orthopedic medical doctors
measured imaging parameters separately by Centricity Enterprise Web V3.0, all patients underwent the
standard full-back spine X-Ray[17]. The following radiographic parameters were measured preoperatively,
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and the �nal follow-up: Cobb, apical vertebral translation (AVT), coronal vertical axis (CVA), sagittal
vertical axis (SVA), thoracic kyphosis (TK), thoracolumbar kyphosis (TLK), pelvic tilt (PT), pelvic incidence
(PI), sacral slope (SS), lumbar lordosis (LL), and PI-LL.

We designed a modi�ed Chinese version of LSDI (C-LSDI) considering the elderly Chinese lifestyle.
Through the follow-up of Chinese population with DLS, high follow-up loss rate performed in question 3
(Drive a motor vehicle) and question 10 (Engage in sexual intercourse) in LSDI and question 5 (Use
squatting toilet) in K-LSDI. The intraclass correlation coe�cient (ICC) of question 7 (Sit cross-legged on
the �oor and get up) in K-LSDI was poor. Therefore, in the C-LSDI, these questions were deleted, and
question 7 (Bend forward to clean the �oor) (DLS was more common in elder female and the need to
bend over housework) and question 11 (Take a small object sideways on your own) (Re�ect the rotation
of spine) were added (Table 1). Patients were asked to complete the VAS, ODI, JOA29, SRS22, SF36 and
C-LSDI preoperatively and at 1 years after surgery. Patients who did not complete the questionnaires, or
who were unable to attend the follow-up were contacted by research staff and asked to complete the
questionnaires by phone.

Statistical Analysis

Statistical analysis was conducted with SPSS 22.0 (IBM Corp., USA). Independent t-test was performed to
compare consecutive variables between independent groups, and paired t-test was performed to compare
consecutive pre- and post-operative variables. Linear regression models were used to identify the relation
between �xed levels and C-LSDI scores.

Internal consistency

We computed the Cronbach alpha statistic, which measured the degree of internal consistency of
response items represented by a scale or score. Cronbach alpha values ranged from 0 to 1, with higher
values indicating greater correlation among the questionnaire items. High internal consistency indicated
that patients with higher scores on one question also tend to score higher on other questions, that was,
the questions assessed related functional domains. For clinical studies, a Cronbach alpha value of 0.9 or
greater was ideal, whereas 0.7 or greater was considered satisfactory[18,19].

Retest reliability

To assess retest repeatability, we computed an intraclass correlation coe�cient (ICC), a measurement of
the reproducibility of repeated measures of the same patient. Values of the ICC ranged from 0 to 1; values
of 0.7 or greater indicated excellent agreement[20].

Results
Internal consistency and retest reliability of C-LSDI
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Compared with the LSDI (Cronbach’s alpha=0.758) and K-LSDI (Cronbach’s alpha=0.852), the C-LSDI
(Cronbach’s alpha=0.902) had the best internal consistency in elderly Chinese population (Table 1).

The ICC of driving and sexual intercourse in LSDI and sitting cross-legged in K-LSDI were poor, with other
items in LSDI and K-LSDI were great. Each item in C-LSDI demonstrated great ICC. The total score of C-
LSDI (ICC=0.904) showed better reliability than LSDI (ICC=0.862) and K-LSDI (ICC=0.887) (Table 3).
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Deformity correction and clinical results

The Cobb angle, AVT, and PT decreased signi�cantly, and SS and TK increased signi�cantly,
postoperatively. There was no signi�cant difference in CVA, SVA, TLK, PI, LL and PI-LL between pre-
operation and follow-up (Table 2).
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There were signi�cant improvement in post-operation clinical symptoms re�ected in the following scales:
VAS for back and low extremity pain, ODI, JOA, SRS-22 including pain, self-image, psychological status
and activity ability, SF-36 involving physical functioning (PF), role-physical (RP), bodily pain (BP), general
health (GH), vitality (VT), social functioning (SF), role-emotional (RE), mental health (MH), physical
component scores (PCS) and mental component scores (MCS). The change in C-LSDI scores increased
postoperatively, indicating increasing limitations due to stiffness after longer arthrodesis. Interestingly, C-
LSDI scores did not correlate with patient’s satisfaction, overall, they were satis�ed with the surgery with
mean satisfactory score was 3.42(total score 5).

Simple linear regression model demonstrated that �xed levels and several items in C-LSDI were positively
correlated, included washing lower body, performing perineal hygiene after toileting, cleaning �oor, getting
out of chair, getting out of bed and getting out of car. The scores of question 6 (perform peroneal hygiene
after toileting) and question 10 (get out of car) in C-LSDI showed that with increasing �xed levels,
patients behaved signi�cant stiffness (Table 6, Figure 1).
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Discussion
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This study demonstrated that patients with DLS enjoyed signi�cant improvement in pain, physical
function and deformity after long-level fusion, which was similar to previous studies. Patients with high
levels of disability due to sagittal imbalance or spinal stenosis had been demonstrated to experience
substantial bene�t from total lumbar arthrodesis surgery as compared with nonoperative treatment with
respect to reductions in leg and back pain and improvements in physical function[21,14,22-25]. However,
despite the bene�ts of correction surgery, extensive spinal fusion also resulted in limited �exibility and to
some extent impaired ADL, especially for elderly patients[13].

Stiffness, liked pain, was to some extent a subjective complaint. Although it was possible to measure
actual range of motion using radiography[10] or other motion tracking techniques, such approaches did
not necessarily informed us of patients’ perceptions of their �exibility, and more speci�cally of any
effects of stiffness on their everyday functional abilities. A self-reported questionnaire such as the LSDI
remained the best clinical tool for such an assessment[26].

Previous studies revealed that elder and female patients might be more susceptible to the development of
DLS in Chinese Han population[1]. Elderly female in China might face more need for household chores,
rather than self-driving, and compared with Korean population, we were also different from their �oor-
living lifestyle without the use of a bed or a chair. Given the above states, we designed C-LSDI by
modifying LSDI and K-LSDI. In this study group of 129 Chinese adult lumbar arthrodesis patients, C-LSDI
demonstrated excellent internal consistency and retest reliability compared with LSDI and K-LSDI, several
shortcomings must be considered when interpreting the data, in order to solve the matter of linguistic
discrepancies, we translated LSDI and K-LSDI into Chinese, which might introduce bias as data collecting.

Our data showed that increased length of lumbar fusions seemed to increase the stiffness that impaired
their ability to wash lower body, perform perineal hygiene after toileting, clean �oor, get out of chair, get
out of bed and get out of car, and of these disabilities, some patients had signi�cant di�culty in doing
perineal self-care functions because of limited range of motion after extended fusion. Bafus et al[6]
observed increased di�culties with perineal care compared with their preoperative functional ability were
reported by �ve of the14 patients (36%) having thoracolumbar fusions to L5 or to the sacrum. The result
might indicate activities, the higher requirement for �exibility, the more vulnerable.

Another issue was the potential differences in impact of stiffness on ADL after instrumented total lumbar
fusions to S1; speci�cally, between patients with UIV within the upper thoracic (UT) versus the
thoracolumbar (TL) region. Sciubba et al[14] de�ned cohort based on the UIV as UT (T1–T6) or TL (T9–
L1), and found UT had greater impairment in performing hygiene after toileting. Choi et al[16] categorized
patients into 2 group based on UIV, group 1 was above T10 of UIV, group 2 was L1 or L2, and observed
group 1 showed higher score compared to group 2 except for question 11(sexual intercourse) in K-LSDI.
Interestingly, while patients fused to the upper thoracic spine reported higher mean C-LSDI scores than
patients with thoracolumbar stopping points, this did not reach statistical signi�cance in our study. There
might be structural or radiographic aspects of patients’ preoperative deformity which lead surgeon to
choose upper thoracic versus thoracolumbar endpoints, but we were unable to assess this question in the
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current analysis. The functional signi�cance of isolated L5-S1 motion still was not completely de�ned.
Given the relatively small sample size, our study did not allow meaningful statistical comparisons, which
was similar with previous study, Bafus et al[6] found that the incidence of perineal care di�culties was
similar between patients having fusion to L5 and patients having fusion to the sacrum, maintenance of
L5-S1 segmental motion did not seem to reduce occurrence of perineal care problems.

In a cohort of patients with an average of 10 motion segments fused, Wilk et al[27] used a tool of
computerized movement analysis and found that compared to normal subjects and unfused patients,
patients who had lumbar fusions extending to L3 or L4 had 36% less total lumbar motion (P <0.05).
However, Winter et al[28] observed that as the distal level of fusion moved caudally from T12 to L4, there
was no signi�cant change in functional spinal motion until the construct extended to L4. The above
discrepancy indicated the difference between instrument-assisted methods and patient-reported outcome
tools.

Data collection from 129 patients with DLS after long-level fusion, Patients were satis�ed with the
arthrodesis procedure, which was similar to previous study. Hart et al[29] showed overall among the entire
cohort, 46% (27/59) of patients indicated that they experienced signi�cant limitations in daily activity due
to back stiffness, however, a large majority of patients indicated that they would undergo the same
procedure again (97%, 55/57) and thought that any increase in stiffness from the surgery was an
acceptable trade-off for overall functional improvement (91%, 52/57).

Although these results demonstrated su�ciently strong validity and reliability of the C-LSDI to support its
use in the clinical outcome research, prospective application of the tool was needed to establish whether
reported functional limitations were truly a result of the arthrodesis procedure. The data presented here
could not be interpreted as showing that increased limitations were caused by the fusion because this
was a retrospective cohort. The association between pain and spinal stiffness was

complex[30,15], it was possible that patients’ answers regarding the functional domains of C-LSDI might
be affected by issues other than lumbar stiffness, such as low back pain or hip and knee pathology[15].
Rather, the intent of this study was to establish the validity and psychometric properties of the C-LSDI.
Further work to assess the minimum clinically important differences in C-LSDI scores as well as the
relative importance of the C-LSDI to patients in comparison with the current pain and deformity-related
outcome will also be helpful to address patient questions regarding these potential impacts from
surgery[31].

One limitation of our study was that we had not made measurements of our patients’ actual lumbar
range of motion to establish a true ‘‘gold standard.’’ However, prior work had established that the LSDI did
indeed correlate to radiographic measurements of lumbar mobility[13]. Despite this, the study had certain
advantages. This study expanded on prior work demonstrating the validity and utility of the C-LSDI in
assessing stiffness impacts among Chinese patients, and this study also focuses on a single diagnostic
and surgical treatment category, i.e., patients with DLS underwent long-level fusion. These data might
enhance understanding of functional outcome measurements related to spinal stiffness in patients with
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DLS before arthrodesis, and might allow for more informed preoperative counseling to patients indicated
for such surgical interventions.

Conclusion
The C-LSDI scoring system was useful as a measure of ADL limitations in Chinese lifestyle. In the current
study we examined the lumbar stiffness in Chinese population with DLS who underwent long-level fusion
with C-LSDI, which had excellent validity and reliability, and found di�culty in performing certain ADL
attributed to stiffness increases with increasing levels of lumbar arthrodesis, Fortunately, a large majority
reported that such limitations were a satisfactory trade-off for their postoperative pain relief and
functional improvements. Although these results might not change spine surgeons’ surgical plan or
technique for a given patient, we hope they would be useful in the informed consent process to answer
patient concerns regarding the expected effect of a long-level fusion and resulting loss of lumbar range
of motion on daily activities.
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Figure 1

Linear correlation between �xed levels and the change scores of C-LSDI. Fixed levels and several items in
C-LSDI were positively correlated, and with increasing �xed levels, patients behaved signi�cant stiffness
in these activities. Y= change scores of C-LSDI postoperatively  X=�xed levels.


