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ABSTRACT
Objective: To assess the impact of stiffness associated with lumbar spinal fusion on disability and quality of life. Methods: This is a retro-

spective study including 40 patients (mean age: 57.7 ± 16.2) who underwent spinal surgery with fusion including the lumbar segment and 
a minimum of 24-month postoperative follow-up. The version translated and adapted to Portuguese of the Lumbar Stiffness Disability Index 
(LSDI) questionnaire was applied to assess the disability associated with stiffness secondary to lumbar spinal fusion. To quantify postoperative 
clinical lumbar stiffness / mobility, the Modified-Modified Schober Test (MMST) was applied. Results: There was a moderate negative correlation 
(r = -0.320), but significant (p = 0.04), between the MMST value and the LSDI score. The average of LSDI score in patients with extension of 
spinal fusion to the sacrum was higher than in patients without extension to the sacrum (p = 0.002), indicating greater disability in those with 
extension to the sacrum. Conclusions: In patients undergoing lumbar spinal fusion, the disability related to lumbar stiffness, measured by the 
LSDI score, was directly related to clinical lumbar stiffness, measured by the modified-modified Schöber test. The inclusion of the sacrum in 
fusion showed an association with worsening of disability related to lumbar stiffness. Level of evidence III; Retrospective analysis. 
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RESUMO
Objetivo: Avaliar o impacto da rigidez associada a artrodese lombar sobre a capacidade funcional e qualidade de vida. Métodos: Trata-se de 

um estudo retrospectivo que incluiu 40 pacientes (média de idade: 57,7±16,2) submetidos a cirurgia da coluna vertebral com artrodese incluindo o 
segmento lombar, com mínimo de seguimento pós-operatório de 24 meses. A versão traduzida e adaptada paro o Português do questionário Lumbar 
Stiffness Disability Index (LSDI) foi aplicada para avaliar as limitações funcionais associadas à rigidez secundária à artrodese lombar. Para quantificar a 
rigidez/mobilidade clínica lombar pós-operatória, foi aplicado o teste modificado-modificado de Schöber (TMMS). Resultados: Houve correlação negativa 
moderada (r= -0,320), porém significativa (p= 0,04), entre o valor do TMMS e o escore LSDI. A média do escore LSDI dos pacientes com extensão 
da artrodese ao sacro foi maior que nos pacientes sem extensão ao sacro (p= 0,002), indicando maior limitação funcional naqueles com extensão ao 
sacro. Conclusões: Em pacientes submetidos à artrodese da coluna lombar, a capacidade funcional relacionada a rigidez lombar, medida pelo escore 
LSDI, se mostrou diretamente relacionada com a rigidez lombar clínica, medida pelo teste modificado-modificado de Schöber. A inclusão do sacro 
na artrodese mostrou associação com piora da capacidade funcional relacionada à rigidez lombar. Nível de evidência III; Análise retrospectiva. 

Descritores: Coluna Vertebral; Artrodese; Qualidade de Vida; Amplitude de Movimento Articular.

RESUMEN
Objetivo: Evaluar el impacto de la rigidez asociada con la artrodesis lumbar en la capacidad funcional y la calidad de vida. Métodos: Este 

es un estudio retrospectivo que incluyó 40 pacientes (edad media: 57.7 ± 16.2) que se sometieron a cirugía del artrodesis de la columna, 
incluido el segmento lumbar, con un mínimo de 24 meses de seguimiento postoperatorio. La versión traducida y adaptada al portugués del 
cuestionario Lumbar Stiffness Disability Index (LSDI) se aplicó para evaluar las limitaciones funcionales asociadas con la rigidez secundaria a la 
artrodesis lumbar. Para cuantificar la rigidez / movilidad clínica lumbar postoperatoria, se aplicó la prueba modificada-modificada de Schöber 
(PMMS). Resultados: Hubo una correlación negativa moderada (r = -0.320), pero significativa (p = 0.04), entre el valor del PMMS y el puntaje 
LSDI. El puntaje promedio de LSDI de pacientes con extensión de artrodesis al sacro fue mayor que en pacientes sin extensión al sacro (p = 
0.002), lo que indica una mayor limitación funcional en aquellos con extensión al sacro. Conclusiones: En pacientes sometidos a artrodesis de 
columna lumbar, se demostró que la capacidad funcional relacionada con la rigidez lumbar, medida por el puntaje LSDI, estaba directamente 
relacionada con la rigidez clínica lumbar, medida por prueba modificada-modificada de Schöber. La inclusión del sacro en la artrodesis mostró 
una asociación con el empeoramiento de la capacidad funcional relacionada con la rigidez lumbar. Nivel de evidencia III; Análisis retrospectivo. 

Descriptores: Columna Vertebral; Artrodesis; Calidad de Vida; Rango del Movimiento Articular.
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INTRODUCTION
Lumbar arthrodesis is a widely-used surgical technique for treatment 

of various spinal pathologies, including degenerative diseases, traumas, 
and deformities.1,2 The initial objective of the procedure is to obtain 
fusion between vertebral segments to promote the reestablishment of 
stability and alignment lost due to pathologies that affect the spine.3,4

Although spinal arthrodesis is often effective in relieving pain and 
providing some degree of functional recovery, the procedure is not 
without potential issues. Spinal mobility is an integral component of 
the activities of daily life and the stiffness associated with arthrodesis 
can lead to limitations on individual functional capacity.5,6 Thus, 
the lumbar stiffness disability index questionnaire was developed 
in order to better understand the limitations on activities of daily 
life resulting from stiffness secondary to lumbar spine arthrodesis.7 

The objective of the present study was to evaluate the impact of 
stiffness associated with lumbar arthrodesis on functional capacity and 
the quality of life in order to gain a better understanding of the functional li-
mitations that arthrodesis at different levels of the lumbar spine can cause.

METHODS

Type of study and population
This is a retrospective study evaluating 40 patients who underwent 

spinal arthrodesis surgery, including the lumbar segment. The study was 
approved by the institutional review board (CAAE: 82012017.6.0000.5463) 
and all patients signed the informed consent form. Patients who un-
derwent spine surgery with arthrodesis, the extent of which included at 
least one lumbar segment (from L1-L2 to L5-S1), for the treatment of de-
generative diseases, traumas, or deformities of the spine, with minimum 
postoperative follow-up of 24 months were included. Patients whose 
arthrodesis extended only as far as T12-L1 were not included, since we 
consider said segment to be the transition between the thoracic and 
lumbar spines and without the same biomechanics as the lumbar spine. 

Patients who had undergone surgical procedures to treat onco-
logic conditions were excluded because systemic compromise from 
the disease can interfere with the functional capacity assessment. 
Patients with other associated orthopedic diseases such as sacroi-
liitis, coxarthrosis, gonarthrosis, and pseudarthrosis in bones of the 
lower limb were also excluded. Another exclusion factor was the 
occurrence of complications associated with the spine surgery, such 
as loosening of the implants, pseudarthrosis, or adjacent level dise-
ase, which were limiting the postoperative functional assessment.  

Data collection
All the patients who met the inclusion and exclusion criteria were 

invited to participate in the study. Those who accepted moved on to 
the data collection phase. Demographic data, including sex, age, 
age at the time of surgery, and duration of follow-up, were con-
sidered, in addition to information about the surgical procedure, 
especially the extent of the arthrodesis. The version of the LSDI 
questionnaire translated and adapted for Brazilian Portuguese8 was 
applied to evaluate limitations on the activities of daily life due to 
stiffness secondary to lumbar spine arthrodesis. The higher the LSDI 
score, the greater the functional limitation indicated by the patient.

To quantify clinical postoperative lumbar stiffness/mobility, the 
modified-modified Schöber test (MMST)9 was administered to the 
patients. With the patient in orthostatism, the evaluator locates and 
demarcates the posterior superior iliac spine, also making a corres-
ponding mark in the midline of the spine (caudal mark). Then, a point 
is drawn 15 centimeters above this caudal mark. Finally, the patient 
flexes the trunk with the knees in extension and the new distance 
between the points is calculated. The MMST value is indicated by 
the difference obtained between the two measurements. The lower 
the MMST value, the greater the lumbar stiffness.

Statistical analysis
The statistical analysis was conducted using SPSS v.20 software 

(IBM Corp., Armonk, NY, USA). The normality of the distribution of 

the samples was analyzed using the Shapiro-Wilk test. The linear 
correlation between the LSDI score and the number of arthrodesed 
levels, as well as between the LSDI score and the MMST measu-
rement, were analyzed using the Spearman rank correlation test.

The patients were then divided into two groups: Group 1, arthro-
desis extending to the sacrum; Group 2, arthrodesis not extending 
to the sacrum. The Mann-Whitney test was performed to compare 
the LSDI score values between the two groups.

A value of p < 0.05 was considered for the level of significance.

RESULTS

Sample
Eighteen patients (45%) were male and 22 (55%) were female. 

The age of the patients ranged from 18 to 79, with a mean of 57.7 
years of age (standard deviation [SD]: 16.2). The minimum posto-
perative follow-up time was 2 years, and the maximum was 19 years 
(mean 7.5 years, SD: 4.2). The mean body mass index (BMI) of the 
sample was 28 (SD: 4.6). 

Correlation between lumbar stiffness and functional limitation
The mean MMST value was 3.75 cm (SD: 1.5 cm), ranging from 

0 to 7 cm. (Table 1) The mean LSDI score was 41.7 (SD: 20.6), ran-
ging from 0 to 75. (Table 1, Figure 1) There was a moderate negative 
(r= -0.320) but statistically significant (p= 0.04) correlation between 
the MMST value and the LSDI score. (Figure 2)

Arthrodesis levels and functional limitation
Regarding the levels of the lumbar spine arthrodesis, only one level 

was involved in most patients (18, 45%). (Table 2) Eleven (27.5%) patients 
had arthrodesis in two levels, five (12.5%) in three levels, five (12.5%) in 
four levels, and only one patient (2.5%) with all five lumbar levels involved 
in the arthrodesis. There was no correlation between the number of levels 
involved in the lumbar arthrodesis and the LSDI score (p= 0.160).

Influence of the extension of the arthrodesis to the sacrum on 
functional limitation

In the sample, 22 (55%) of the patients had arthrodesis extending 
to the sacrum. (Table 3) The mean LSDI score of the patients with 
extension of arthrodesis to the sacrum was statistically higher than 
that of patients with arthrodesis that did not extend to the sacrum 
(p= 0.002), (Table 3, Figure 3) indicating greater functional limitation 
in those with extension to the sacrum. 

Figure 1. Graph illustrating the distribution of Lumbar Stiffness Disability Index 
questionnaire scores among the patients of the sample.
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Table 1. Total sample modified-modified Schöber test and Lumbar Stiffness 
Disability Index questionnaire score values.

MMST (cm) LSDI
Mean (SD) 3.75 (1.5) 41.7 (20.6)

Median 4.0 42.0

Minimum 0 0

Maximum 7.0 75
MMST: modified-modified Schöber test; LSDI: Lumbar Stiffness Disability Index questionnaire; SD: 
standard deviation.
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DISCUSSION
The present study demonstrates the impact of stiffness secondary to 

lumbar spine arthrodesis on the limitation of daily activities in 40 patients 
with a minimum postoperative follow-up of two years. The treatment of 
various pathological conditions of the spine through solid interverte-
bral arthrodesis is widely supported in the literature,3,4,10,11 despite the 
knowledge that the loss of segmental mobility associated with arthrodesis 
can impair, at least to some degree, the functional capacity for different 
activities.12,13 However, a relationship is not yet fully established between 

Figure 2. Comparison of the Lumbar Stiffness Disability Index scores between 
patients with and without extension of the arthrodesis to the sacrum.
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Figure 3. Comparison of the Lumbar Stiffness Disability Index scores between 
patients with and without extension of the arthrodesis to the sacrum.
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Table 2. Lumbar Stiffness Disability Index questionnaire scores by number 
of arthrodesed lumbar levels.

Number of arthrodesed lumbar levels N (%) LSDI
Mean (SD) p

1 18 (45) 38.9 (17.6)

0.160
2 11 (27.5) 44.3 (21.5)
3 5 (12.5) 33.0 (31.0)
4 5 (12.5) 49.2 (18.5)
5 1 (2.5) 67

N: Number of patients; %: percent; LSDI: Lumbar Stiffness Disability Index questionnaire; SD: standard 
deviation.

Table 3. Lumbar Stiffness Disability Index questionnaire scores for patients 
with and without extension of the arthrodesis to the sacrum.

Extension of arthrodesis to the sacrum N (%)
LSDI

Mean (SD)
p

YES 22 (55) 51.2 (14.9)
0.002

NO 18 (45) 30.2 (20.9)
N: Number of patients; %: percent; LSDI: Lumbar Stiffness Disability Index questionnaire; SD: standard 
deviation.

the number of levels included in the arthrodesis and either the degree of 
rigidity or the degree of limitation of functional capacity, especially when 
the inclusion or not of the sacrum in the arthrodesed levels are compared.  

Extension of the arthrodesis to the sacrum has always been 
viewed as a challenge, both because of considerable levels of fusion 
failure when compared to arthrodesis without extension to the sacrum 
and due to a fear of limitation of functional capacity resulting from 
stiffness in the region of the lumbosacral transition.14-16 In the present 
study, the patients with lumbar arthrodesis without extension to the 
sacrum had significantly better LSDI scores than the patients with the 
sacrum included in the arthrodesis, i.e., the addition of the sacrum 
was associated with greater functional limitation related to stiffness.

In a literature review article, Bridwell et al. observed that the exten-
sion of the arthrodesis to the sacrum, in addition to increasing the risk 
of pseudarthrosis, compromised mobility in the lumbosacral junction, 
which can change the mechanics of gait due to rigidity of the sacroiliac 
joints.15 On the other hand, Edwards e t al., observed that the extension 
of arthrodesis to the sacrum in long fusions did not alter the functional 
outcome as evaluated by the Scoliosis Research Society-24 questio-
nnaire, as compared to patients with arthrodesis extending to L5.17

The LSDI questionnaire was developed to assess the limitation of 
daily activities specifically related to lumbar spinal stiffness after ar-
throdesis surgery, in order to facilitate understanding of the impact of 
arthrodesis.7 It is an easy to apply and easy to understand tool that 
has proven to be valid for quantifying functional capacity limitations 
in these patients. Recently, the LSDI questionnaire was translated 
into Portuguese and adapted for use in the Brazilian population.8

In the present study, it was observed that less lumbar mobility, 
identified by lower MMST values, was indicative of worse functional ca-
pacity in the patients, as represented by higher LSDI scores. This is the 
first study to show a significant, albeit moderate, correlation between 
LSDI scores and clinical stiffness identified by the MMST value. Other 
studies have demonstrated a correlation between the LSDI score and 
lumbar stiffness evaluated by the range of motion in dynamic lateral 
radiographs (flexion and extension) of the lumbar spine.7 However, this 
examination cannot be considered the gold standard for evaluating 
lumbar mobility because of technical limitations, such as being depen-
dent on the way it is executed (operator-dependent),18 in addition to 
exposure to radiation and the costs involved in performing it. 

In terms of the number of lumbar levels included in the arthrode-
sis, the data from this series showed that the functional capacity as 
measured by the LSDI had no relationship with the number of levels, 
i.e., worsening of functional capacity was not proportional to the num-
ber of arthrodesed levels. This finding is in line with other published 
studies. Gotfryd et al., observed no difference between the quality of 
life indicators of patients who underwent single-level arthrodesis and 
those with arthrodesis in two or more levels.19 Hart et al., observed 
that patients submitted to pan-lumbar arthrodesis, involving all lumbar 
levels, did not present a worsening of functional capacity related to 
lumbar stiffness during a minimum of two years of follow-up.20

Limitations can be identified in the present study. As it is a retros-
pective analysis, the preoperative functional capacity data could not be 
evaluated. Thus, the statement that lumbar arthrodesis causes functional 
limitations cannot be made. Although the study included 40 patients, con-
sidered a robust number compared to other published series,7 this num-
ber would limit more complex analyses considering specific subgroups.

CONCLUSIONS
Functional capacity related to lumbar stiffness, measured by the 

LSDI score in patients who underwent spinal arthrodesis, was shown to 
be causally related to clinical lumbar stiffness, measured by the modi-
fied-modified Schöber test. Inclusion of the sacrum in the arthrodesis 
was associated with greater impairment of functional capacity related 
to lumbar stiffness than arthrodesis without extension to the sacrum.

All authors declare no potential conflict of interest related to 
this article.
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