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Abstract BACKGROUND CONTEXT: The primary goal of surgical arthrodesis is to eliminate the motion
of spinal segments in an effort to alleviate pain, improve deformity, and reduce disability. However,
decreased spinal mobility may impair performance of activities of daily living (ADLs) due to the
resulting stiffness or the lack of mobility of the fused segment. Current clinical outcome instru-
ments do not seek information regarding the impact of spinal stiffness on functional ability. There-
fore, a patient-reported outcome questionnaire measuring the impact of lumbar stiffness on
functional abilities was devised and assessed for internal consistency, retest repeatability, and
external validity.
PURPOSE: To develop and validate an outcome instrument to measure the collateral effect of
stiffness after lumbar fusion on functional ability.
STUDY DESIGN: Cross-sectional pilot study.
PATIENT SAMPLE: Consecutive cohort of lumbar spine fusion patients from a single surgeon’s
practice.
OUTCOME MEASURES: Lumbar Stiffness Disability Index (LSDI) and Cobb angle measure-
ments from digital radiographs.
METHODS: We developed and evaluated a 10-item questionnaire, referred to as the LSDI, which
seeks information on the impact of spinal stiffness on ADLs after lumbar spinal arthrodesis. The
questionnaire yields a score from 0 to 100, with higher scores indicating greater difficulty resulting
from lumbar spinal stiffness in performing 10 different ADLs. The study sample comprised 32 lum-
bar arthrodesis patients at a minimum of 1 year postoperatively.
All patients completed the questionnaire twice via telephone interviews conducted 4 weeks apart.

Internal consistency was assessed using the Cronbach alpha, and retest reliability was measured us-
ing an intraclass correlation coefficient (ICC). External validity of the questionnaire was evaluated
by correlating the scores with lumbar range of motion (LROM) as measured from the angular
change between the inferior end plate of T12 and the superior end plate of S1 on standardized dig-
ital flexion and extension lateral radiographs.
RESULTS: The study sample included 22 women (69%) and 10 men (31%) with an average age
of 63 years. The questionnaire demonstrated high internal consistency (Cronbach alpha50.89).

FDA drug/device status: Not applicable.

Author disclosures: RAH: Grants: Medical Research Foundation of Or-

egon (D, paid directly to institution); Royalties: Seapine (E), DePuy (A);

Stock Ownership: SpineConnect (C, current value unknown); Consulting:

DePuy (C), Medtronic (C); Speaking/Teaching Arrangements: DePuy (D);

Trips/Travel: Synthes (A), K2M (A); Research Support: DePuy (D, paid

directly to institution), Medtronic (D, paid directly to institution); Fellow-

ship Support: OREF (E, paid directly to institution), Synthes (E, paid di-

rectly to institution). KRG: Nothing to disclose. SLP: Nothing to

disclose. LMM: Grants: Medical Research Foundation of Oregon (D, paid

directly to institution), National Institute of Health (H, paid directly to

institution).

The disclosure key can be found on the Table of Contents and at www.

TheSpineJournalOnline.com.

* Corresponding author. Department of Orthopaedics & Rehabilitation,

Oregon Health & Science University, 3181 Southwest Sam Jackson Park

Rd, OP31, Portland, OR 97239, USA. Tel.: (503) 494-6406; fax: (503)

494-5050.

E-mail address: sasaokar@ohsu.edu (R.A. Hart)

1529-9430/$ - see front matter � 2013 Elsevier Inc. All rights reserved.

http://dx.doi.org/10.1016/j.spinee.2012.12.001

The Spine Journal 13 (2013) 157–161

Delta:1_given name
Delta:1_given name
Delta:1_given name
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_given name
Delta:1_given name
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_given name
Delta:1_given name
Delta:1_given name
Delta:1_surname
Delta:1_given name
http://www.thespinejournalonline.com/
http://www.thespinejournalonline.com/
mailto:sasaokar@ohsu.edu
http://dx.doi.org/10.1016/j.spinee.2012.12.001
http://dx.doi.org/10.1016/j.spinee.2012.12.001


Retest reliability was also high (ICC50.87). External validity was demonstrated by a statistically
significant inverse relationship between LROM and LSDI scores (r5�0.71; p!.001).
CONCLUSIONS: This pilot study demonstrates that the LSDI questionnaire is a reliable and valid
instrument for assessing functional limitations due to lumbar stiffness among spinal arthrodesis pa-
tients. The questionnaire is proposed for use in prospective evaluation of lumbar stiffness impacts
after arthrodesis. � 2013 Elsevier Inc. All rights reserved.
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Introduction

Spinal arthrodesis surgery is increasingly performed in
the United States for the treatment of trauma, degenerative
disease, tumor, infection, and deformity of the spine [1,2].
Although spinal arthrodesis procedures often alleviate pain
and dysfunction associated with spinal pathology, the ulti-
mate goal of the fusion is to eliminate motion of the af-
fected spinal segments. As spinal mobility is integral to
performing activities of daily living (ADLs), stiffness from
fusion may negatively impact specific functional abilities
even if the surgery results in decreased pain and improved
overall functional status [3].

Outcome instruments specifically developed to evaluate
the impact of spinal conditions, such as the Oswestry Dis-
ability Index (ODI) and the Scoliosis Research Society-22,
assess the ability of these procedures to reduce pain, reduce
deformity, and increase patients’ overall level of function
[4–7]. Although these outcome instruments provide infor-
mation on functional limitations due to back and leg pain,
they do not seek information regarding deficits in perform-
ing ADLs because of lumbar spine stiffness. Quality of life
questionnaires such as the Short Form-36 are also fre-
quently used in clinical studies of lumbar spine patients
[8–10], but similarly do not assess functional limitations
due to stiffness.

An instrument designed to assess limitations in ADLs
due to stiffness after lumbar spine arthrodesis would poten-
tially help answer patients’ questions regarding expected
impacts of spinal fusion resulting from reductions in spinal
mobility. We have developed an outcome questionnaire, re-
ferred to as the Lumbar Stiffness Disability Index (LSDI),
for this purpose. This article describes the content and
structure of the LSDI and an assessment of its internal con-
sistency, test-retest reliability, and external validity.

Materials and methods

Development and structure of the LSDI

The functional domain of the questionnaire is based on
reports from our own lumbar fusion patients [11]. Ten ques-
tions request information regarding the impact of low back
stiffness on ADLs, such as dressing, hygiene, mobility, and
sexual activity (Table 1). Responses are scored from 0 (‘‘No
effect at all’’) to 4 (‘‘I cannot do this at all’’). The raw score
on the questionnaire, therefore, ranges from 0 to 40. The

overall score is computed as the raw score divided by the
total possible score and multiplied by 100. LSDI scores
thus range from 0 to 100, with higher scores indicating
greater disability. If a patient declines to answer a question,
the final score is scaled for the number of questions
answered.

Patient sample

The LSDI was administered to 32 English-speaking
adult patients at a minimum of 1 year after lumbar arthrod-
esis of one to five or more lumbar motion segments. All pa-
tients were verified to have achieved a solid fusion based on
the flexion-extension lateral radiographs. Surgical indica-
tions included spondylolisthesis, spinal deformity, adjacent
segment stenosis, and degenerative disc disease. Patients
undergoing arthrodesis for cancer, infection, or trauma
were excluded.

Each patient completed the LSDI on two occasions. Pa-
tient contact for the retest began at 4 weeks after the first
administration. Thus, LSDI readministration took place at
least 4 weeks after the first administration. Institutional re-
view board–approval was obtained for this study.

Statistical methods

Internal consistency
We first examined distributions of responses to each

item separately to evaluate proportions with missing data
and possible skew. The distribution of the total score was
summarized with a mean and standard deviation. We com-
puted the Cronbach alpha statistic, which measures the de-
gree 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
indicates that patients with higher scores on one question
also tend to score higher on other questions, that is, the
questions assess related functional domains. For clinical
studies, a Cronbach alpha value of 0.9 or greater is ideal,
whereas 0.7 or greater is considered satisfactory [12].

Retest reliability
To assess retest repeatability, we computed an intraclass

correlation coefficient (ICC), a measure of the reproducibil-
ity of repeated measures of the same patient [13]. Values of
the ICC range from 0 to 1; values of 0.75 or greater indicate
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