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Abstract

Background At present, the threshold defining older adults is 65 years, and this classification has been widely
accepted globally. However, with the extension of both life expectancy and healthy life expectancy, there is a need to
reconsider this age-based definition. This study compared the characteristics and surgical outcomes of older patients
with lumbar spinal stenosis (LSS) between the early and late stages to clarify age diversity in this population.

Methods Data collected from consecutive patients aged > 65 years who underwent LSS surgery were retrospectively
reviewed. All participants completed the Zurich Claudication Questionnaire, Japanese Orthopaedic Association Back
Pain Evaluation Questionnaire (JOABPEQ), and 25-Question Geriatric Locomotive Function Scale preoperatively as well
as 6 and 12 months postoperatively. Frailty was evaluated using the 11-point modified frailty index. Polypharmacy
was defined as the concomitant use of at least six drugs.

Results In total, 311 older patients with LSS were enrolled. Among them, 136 patients younger than 75 were
categorized into the E group, and 175 patients aged 75 and older were categorized into the L group. Baseline
characteristics, including frailty and polypharmacy, significantly differed between the groups. The frequency of
effective case of surgical treatment on JOABPEQ was significantly lower for walking ability in the L group. At 1 year
after surgery, the incidence of non-improvement in locomotive syndrome stages was higher in the L group than in
the E group (relative risk=1.38, 95% confidence interval [Cl]=1.08-1.78). In addition, when the L group was further
divided into three subgroups based on age, the relative risk was 1.32 (95% Cl=0.99-1.76) for patients aged 75 to <80,
1.42 (95% Cl=1.07-1.88) for those aged 80 to <85 years, and 1.68 (95% Cl=1.16-2.45) for those aged > 85.

Conclusions Significant differences were observed in baseline characteristics and postoperative improvement of
walking ability and locomotive syndrome based on age among older patients with LSS. Our findings underscore
the significant age diversity among older adults, highlighting the necessity of considering each patient in a more
nuanced age-specific manner rather than adopting a one-size-fits-all approach.
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Background

With the extension of life expectancy, the global popula-
tion of older adults is steadily growing [1]. However, older
adults are diverse regarding their individual health status,
functional ability, labor capacity, and economic circum-
stances [2]. Against this backdrop, a flexible approach to
defining older individuals is becoming increasingly cru-
cial. The age threshold defining older adults is currently
65 years, a classification that has been widely accepted
globally [3]. However, with the prolongation of both life
expectancy and healthy life expectancy, there is a need to
reconsider this age-based definition. A categorization of
“early older adults” (aged 65-74) and “late older adults”
(aged 275) was recently proposed, and the need for dif-
ferent medical interventions and preventive measures for
each age group was suggested [4]. However, the differ-
ences between early and late older adults across various
disease conditions have not been thoroughly clarified [5,
6].

Lumbar spinal stenosis (LSS), a common degenera-
tive spinal disease, is clinically associated with symp-
toms such as numbness and pain in the lower limbs
and buttocks and marked by intermittent claudication
[7, 8]. In some cases, LSS can lead to muscle weakness
and sensory deficits in the lower limbs and bladder and
bowel dysfunction, significantly impairing activities of
daily living [7, 8]. The number of patients affected by
LSS is increasing with population aging [9, 10], result-
ing in more frequent surgeries for older patients with
LSS. To date, several studies have examined surgical
outcomes in older patients with LSS, focusing on health-
related quality of life and surgical complications [11-16].
More recently, the characteristics of older patients with
LSS have been analyzed from various aspects of aging,
including frailty (reflecting a decline in overall health),
sarcopenia (indicating a decline in strength and physical
function because of the loss of muscle mass), locomo-
tive syndrome (signifying a deterioration in mobility),
and polypharmacy (indicating excessive medication use)
[17-19]. However, the differences between early and late
older patients with LSS from these perspectives remain
unclear. Thus, this study categorized older patients with
LSS into two groups, examined their characteristics and
surgical outcomes, and ultimately clarified the age diver-
sity in surgical outcomes among these patients.

Methods
Participants
Longitudinal data collected from consecutive patients
aged>65 years who underwent LSS surgery at our
institution between April 2020 and July 2023 were

retrospectively reviewed. Board-certified spine surgeons
decided the surgical indications and procedures for
patients in consideration of their symptoms and imag-
ing results, including magnetic resonance imaging, com-
puted tomography, and myelography, as stipulated in the
guidelines [7, 8]. The exclusion criteria applied to cases of
adult spinal deformities where deformity correction and
fixation involved screws placed at the upper level extend-
ing to the thoracic spine or at the lower level involving
screws in the ilium or sacroiliac joint.

Ethics approval

The study was approved by the ethics committees of
the institution (approval no. HM 23-354). All eligible
patients were included, excluding those who withdrew
via opt-out. This study was conducted in compliance with
the guidelines of the Declaration of Helsinki.

Data collection

All participants completed patient-reported outcome
measures (PROMs), including the Zurich Claudication
Questionnaire (ZCQ) [20], Japanese Orthopaedic Asso-
ciation Back Pain Evaluation Questionnaire (JOABPEQ)
[21], and 25-Question Geriatric Locomotive Function
Scale (GLFS-25) [22], before surgery, 6 months after
surgery, and 1 year after surgery. The following data
were collected: age; sex; body mass index (BMI); medi-
cal history including diabetes mellitus, hypertension,
dyslipidemia, cardiovascular disease, stroke, and can-
cer; polypharmacy; preoperative American Society of
Anesthesiologists (ASA) physical status; frailty; serum
albumin levels; spondylolisthesis; degenerative lumbar
scoliosis; failed back surgery syndrome; radiographic
parameters; and surgical procedures. Concerning the
radiographic parameters, sagittal vertical axis (SVA), tho-
racic kyphosis (TK), pelvic tilt (PT), pelvic incidence (PI),
and lumbar lordosis (LL) were evaluated via standing
full-length plain radiography.

Frailty

Frailty was evaluated using the 11-point modified frailty
index (mFI), which considers 11 factors extracted from
the patients’ medical records. Using this index, patients
were categorized into three groups: robust (score=0),
prefrail (score <0.21), and frail (score >0.21) [23].

Locomotive syndrome

The locomotive syndrome stage was determined by
the GLFS-25 total score as 0 (score<6), 1 (score>7), 2
(score>16), or 3 (score =24) [22]. Stage 0 does not corre-
spond to locomotive syndrome, and as the stage number
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increases, it indicates worsening function, with stage 3
representing the most severe functional impairment [22].

Surgical outcome assessment

The surgical intervention was deemed “effective” if there
was an improvement of >20 points in the JOABPEQ
score postoperatively or if the score improved from <90
preoperatively to > 90 postoperatively [21].

Polypharmacy

Pharmacists primarily investigated the preoperative pre-
scribed drugs as part of home therapy when the patients
were admitted. Polypharmacy was defined as the use of at
least six drugs [24].

Statistical analysis

Data were compared between the groups using Student’s
t-test, Fisher’s exact test, or the Mann—Whitney U test,
as appropriate. The McNemar—Bowker test was used
to examine longitudinal changes in the locomotive syn-
drome stage. In this analysis, stages 0 and 1 were com-
bined. Statistical analyses were performed using the
Statistical Package for the Social Sciences (version 29.0;
IBM Inc., Armonk, NY, USA). We defined postoperative
non-improvement in locomotive syndrome as no change
or an increase in the locomotive syndrome stages at 1
year after surgery. When we investigated the association
between age and the incidence of postoperative non-
improvement of locomotive syndrome, Poisson regres-
sion model was applied to estimate the relative risk (RR)
and 95% confidence interval (CI). Poisson regression was
performed using STATA16 software (Stata Corporation,
College Station, TX, USA). P<0.05 denoted statistical
significance.

Results

A total of 519 consecutive older patients diagnosed with
LSS met the above criteria and had complete preop-
erative data. Of these, 395 patients (76.1%) attended the
outpatient clinic 6 months after surgery and responded
to the PROMs. Among them, 311 patients (59.9%)
responded to the PROMs at their 1-year postoperative
visit. No patients opted out. Therefore, in the current
study, the data of 311 older patients with LSS were ana-
lyzed. Among them, 136 patients younger than 75 were
categorized into the E group, and the remaining 175
patients aged>75 were categorized into the L group.
Initially, we compared the baseline characteristics of the
groups (Table 1). Polypharmacy was significantly more
frequent in the L group. In terms of medical history, the
frequencies of hypertension and cardiovascular disease
were significantly higher in the L group. Consistent with
these findings, the ASA and frailty scores were signifi-
cantly higher in the L group. Serum albumin levels were
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significantly lower in the L group. Regarding radiographic
parameters, SVA, PT, and PI-LL were significantly higher
in the L group.

Next, the ZCQ scores before surgery and 6 months
and 1 year after surgery were calculated separately for
each group (Table 2). Longitudinal observation revealed
that both symptom severity and physical function scores
were significantly improved in both groups at 6 months
and 1 year postoperatively. Cross-sectional observation
identified no significant difference in symptom sever-
ity between the two groups before and 6 months and 1
year after surgery. Regarding physical function, there was
no significant difference in the score between the two
groups preoperatively, but the L group had significantly
worse scores at 6 months and 1 year postoperatively.
Concerning satisfaction, the score did not differ between
the groups at 6 months after surgery, but the score was
significantly worse in the L group at 1 year postopera-
tively. We also conducted separate analyses based on the
surgical procedure, dividing the cases into those with-
out fusion and those with fusion. The results of these
analyses are presented in supplementary Tables 1 and
supplementary Table 2. Although there were differences
in statistical significance, the trends were consistent with
the results of the overall analysis. Table 3 presents the
rate of surgical effectiveness 1 year postoperatively in the
five domains of the JOABPEQ in the two groups. Among
the five domains, there were no significant differences
between the two groups regarding the rates of improve-
ment in pain disorder, lumbar function, and psychologi-
cal disorder. Meanwhile, the rate was significantly lower
for walking ability in the L group.

Figure 1 presents the distribution of locomotive
syndrome stages in the two groups both before and
after surgery. In both groups, the distribution signifi-
cantly improved at 6 months and 1 year postopera-
tively. Although no difference was detected between the
groups preoperatively, the distribution was significantly
worse in the L group at 6 months and 1 year postop-
eratively. Finally, the prevalence of non-improvement
in locomotive syndrome stages 1 year after surgery was
compared between two groups using a Poisson model
(Table 4). In the multivariable analysis, we adjusted for
some covariates (sex, BMI, serum albumin level, frailty,
PI-LL, and polypharmacy) that showed significant differ-
ences in baseline characteristics between the two groups
(Table 1). Using the E group as the reference, the RR for
the L group was 1.38 (95% CI=1.08-1.78), which reached
statistical significance. Next, the L group was further
divided into three subgroups by age: 75 to >80 years, 80
to > 85 years, and > 85 years (Table 4). The RRs for these
subgroups were calculated as 1.32 (95% CI=0.99-1.76),
1.42 (95% CI=1.07-1.88), and 1.68 (95% CI=1.16-2.45),
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Table 1 Comparison of baseline characteristics between two groups

E group (n=136) L group (n=175) p value
Sex Men 77 (56.6%) Men 80 (45.7%) 0.056
Women 59 (43.4%) Women 95 (54.3%)
Age (years) 706+29 80.5+3.7 <0.001
BMI (kg/m?2) 239+38 237+38 0.329
Polypharmacy 77 (56.6%) 132 (75.4%) <0.001
Medical history Diabetes mellitus 37 (27.2%) 47 (26.9%) 0.945
Hypertension 82 (60.3%) 134 (76.6%) 0.002
Dyslipidemia 7 (41.9%) 84 (48.0%) 0.285
Cardiovascular disease ( 1%) 2 (35.4%) 0.01
Stroke 0 (14. 7%) 18 (10.3%) 0.238
Cancer (162%) 0(17.1%) 0.821
ASA 3 6 (11.8%) 25 (14.3%) 0.027
2 100 (73.5%) 140 (80.0%)
1 (14 7%) 10 (5.7%)
11point- Modified Frailty Index Frailty 0(22.1%) 48 (27.4%) 0.006
Pre-frailty 83 (61.0%) 117 (66.9%)
Robust 23 (16.9%) 10 (5.7%)
Laboratory data Alb (g/dl) 41+04 40+04 0.042
Degenerative spondylolisthesis 50 (36.8%) 70 (40.0%) 0.561
Degenerative lumbar scoliosis 22 (16.2%) 35 (20.0%) 0.387
Failed back syndrome 17 (12.5%) 14 (8.0%) 0.189
Radiographic parameters SVA (mm) 529+459 61.9+47.0 0.041
LL () 3474123 333+144 0448
TK() 30.0£10.0 3254125 0.057
PT () 21.7+86 250+87 0.001
PI-LL (°) 125+134 16.8+14.0 0.003
Surgical procedure without fusion 76 (55.9%) 97 (55.4%) 0.936
with fusion 60 (44.1%) 78 (44.6%)
Operative time (min) 153.7+£107.6 1499+974 0.999
Intraoperative blood loss (ml) 183.9+1733 180.1+193.0 0.485

BMI, body mass index; ASA, American society of anesthesiologists physical status; SVA, sagittal vertical axis; P, pelvic incidence; PT, pelvic tilt; LL, lumbar lordosis
FBSS, Failed back surgery syndrome

Pearson’s chi-square test or Mann-Whitney U test was used

Table 2 Pre- and postoperative scores of ZCQ in two groups

E group (n=136) L group (n=175) p value
ZCQ (Mean+SD) Symptom severity Preoperation 3.30+0.76 3.38+0.69 0.593
6POM 2.38+0.82 246+0.76 0.263
1POY 233+0.82 249+0.74 0.051
p value (preoperation vs. 6POM) <0.001 <0.001
p value (preoperation vs. 1POY) <0.001 <0.001
Physical function Preoperation 2.56+0.62 2.60+0.65 0.775
6POM 1.75+0.68 193+£0.70 0.013
1POY 1.69+0.67 1.90+0.66 0.001
p value (preoperation vs. 6POM) <0.001 <0.001
p value (preoperation vs. 1POY) <0.001 <0.001
Satisfaction 6POM 201+0.72 207+0.70 0452
1POY 1.94+0.74 215+0.74 0.009

6POM, 6 months after surgery;1POY, 1 year after surgery; ZCQ, Zurich Claudication Questionnaire

Wilcoxon signed-rank sum test or Mann-Whitney U test was used
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Table 3 Comparison of frequency of effective case of surgical treatment on JOABPEQ (E group vs. L group)
E group (n=136) L group (n=175) p value
The number of effective case of surgical treatment on JOABPEQ Pain disorder 83 (61.0%) 106 (60.6%) 0.935
Lumbar function 64 (47.1%) 83 (47.4%) 0.948
Walking ability 100 (73.5%) 101 (57.7%) 0.004
Social life 69 (50.7%) 70 (40.0%) 0.059
Psychological disorder 51 (37.5%) 58 (33.1%) 0.424
JOABPEQ, JOA Back Pain Evaluation Questionnaire
*Pearson’s chi-square test
P <0.001
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Fig. 1 Pre-and postoperative distribution of locomotive syndrome stages in the early (E) and later older patient groups (L). 6POM, 6 months after surgery;
1POY, 1 year after surgery. In the statistical analysis, stages 0 and 1 were grouped together

Table 4 Association between age groups and postoperative non-improvement of locomotive syndrome

Number of Number of Incidence  Uni-variable model Multi-variable model*
patients incidents (%) Relative risk (95% p-value Relative risk (95%  p-
confidence interval) confidence interval) value
Age (years) 65-74 136 49 36.0 Reference Reference
75- 175 102 583 1.62 (1.25-2.09) <0.01 1.38(1.08-1.78) 0.01
Age (years) 65-74 136 49 36.0 Reference Reference
75-79 86 45 523 145 (1.07-1.96) 0.02 1.32(0.99-1.76) 0.06
80-84 67 43 64.2 1.78 (1.34-2.37) <0.01 142 (1.07-1.88) 0.02
85- 22 14 63.6 1.77 (1.20-2.60) <0.01 1.68 (1.16-2.45) <001

*We applied a Poisson regression model and adjusted for sex, body mass index, albumin, 11point-Modified Frailty Index, PI-LL, and polypharmacy
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respectively, indicating that the rate of non-improvement
significantly increased with advancing age.

Discussion

This study is the first to compare the characteristics and
surgical outcomes of older patients with LSS by divid-
ing them into early and late older groups. In summary,
our findings indicate significant differences in baseline
characteristics between these two groups. Moreover, we
observed that the improvement in locomotive syndrome
following surgery diminished with increasing age.

In terms of baseline characteristics, notable differences
in frailty and polypharmacy rates between the early and
late older groups were consistent with prior studies [25,
26]. In addition, radiographic parameters including SVA,
LL, PT, and PI-LL, also varied significantly between the
groups. These findings align with the established trend
that the sagittal balance of the spine worsens with age
[27]. Interestingly, despite the retrospective nature of this
study, surgical procedures differed minimally between
the groups. This suggests that patients aged 75 and older
did not avoid fusion surgery when necessary.

In this study, postoperative outcomes showed signifi-
cant differences in the JOABPEQ scores only for treat-
ment effectiveness in walking ability. This suggests that
while surgery alleviates the disability caused by LSS,
other age-related factors, such as knee or hip osteoarthri-
tis and peripheral arterial disease, may increasingly hin-
der walking ability as patients age [28, 29].

Locomotive syndrome, caused by musculoskeletal
impairments, is a critical factor that elevates the risk of
falls and fractures in older adults [30]. Early diagnosis
and intervention are essential to prevent the transition
to long-term care dependency [30]. Although locomo-
tive syndrome staging in this study was based solely on
the GLFS-25, prior research indicates that staging deter-
mined using all three tests including the GLFS-25, two-
step test, and stand-up test, does not significantly differ
from staging based only on the GLFS-25 [31, 32]. There-
fore, the methodology used here is considered valid.

Several studies have explored the relationship between
LSS and locomotive syndrome in older adults [33, 34]. It
has also been reported that patients with LSS who were
diagnosed with frailty before surgery exhibited signifi-
cantly less improvement in locomotive syndrome [17],
in line with our findings in late older patients with LSS.
Additionally, analyzing late older adults in 5-year incre-
ments revealed that the likelihood of non-improvement
in locomotive syndrome stage increases significantly with
advancing age. This underscores a strong age-related
relationship within the older population.

These results highlight the need to distinguish between
early and late older patients when considering LSS sur-
gery. Preoperative counseling should emphasize these
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differences to help patients make informed decisions.
As this study demonstrates the significant impact of age
on surgical outcomes in locomotive syndrome among
patients aged 65 and older, it is clear that the older pop-
ulation should not be treated as a homogeneous group.
Instead, individualized evaluations and tailored manage-
ment strategies are essential for optimizing outcomes in
this growing demographic.

The current study had several limitations. First, this
was a single-center study. The background of the institu-
tion can introduce bias regarding the types and number
of comorbidities among older patients, making it prefer-
able to conduct future research in a multicenter setting.
The second limitation was that the follow-up period
was limited to 1 year. Although postoperative data were
also collected at 6 months, allowing us to observe tem-
poral changes after LSS surgery, a follow-up period of
at least 2 years would be preferable. The third limitation
was that this study did not include data from younger
adults. Frailty, locomotive syndrome, and polypharmacy
are typically assessed only in older adults, making it chal-
lenging to include data from such individuals. The fourth
limitation was that sarcopenia, another key indicator of
aging, was not examined in this study. Further research is
needed to independently address this aspect. Lastly, this
study is retrospective in nature, and we were only able to
evaluate approximately 60% of older patients who under-
went surgery for LSS at our institution during the speci-
fied period. However, to the best of our knowledge, this is
the first study to elucidate the differences between early
and late older patients with LSS. The findings of the cur-
rent study are expected to represent a valuable reference
for the surgical treatment of older patients with LSS in
the future.

Conclusions

In conclusion, this study identified differences in baseline
characteristics and surgical improvement of walking abil-
ity between early and late older adults with LSS. Further-
more, advancing age appeared to negatively influence the
improvement of locomotive syndrome following surgery
in this population. However, as this study was conducted
in a Japanese cohort and included a relatively small sam-
ple size, the generalizability of these findings to other
populations remains uncertain. These results suggest the
importance of accounting for age-related diversity among
older adults when planning surgical interventions for
LSS, but further studies are needed to confirm these find-
ings in larger and more diverse populations. Advanced
age or frailty alone should not preclude surgical inter-
vention for LSS in older adults. However, it is advisable
to thoroughly inform patients of the findings from this
study during preoperative counseling before proceeding
with surgery.
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Abbreviations

LSS Lumbar spinal stenosis
ZCQ Zurich Claudication Questionnaire
JOABPEQ  Japanese Orthopaedic Association Back Pain Evaluation

Questionnaire

GLFS-25 25-Question Geriatric Locomotive Function Scale
BMI Body mass index

ASA American Society of Anesthesiologists
SVA Sagittal vertical axis

TK Thoracic kyphosis

PT Pelvic tilt

Pl Pelvic incidence

LL Lumbar lordosis

mFl Modified frailty index

RR Relative risk

@] Confidence interval
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