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	 Background:	 The efficacy of lumbar fusion surgery in patients age 80 years and older with lumbar spinal stenosis (LSS) is 
still controversial. This retrospective study aimed to evaluate the surgical outcomes of LSS patients ³80 vs 65-
79 years.

	 Material/Methods:	 The study included 66 patients diagnosed with LSS from 2014 to 2020; 33 patients were ³80 years and 33 pa-
tients were 65-79 years. The 2 groups were matched for sex and surgical segment. All patients underwent pos-
terior lumbar decompression, fixation, and fusion surgery. The Numerical Rating Scale (NRS) of leg and back 
pain, Oswestry Disability Index (ODI), Short-Form Health Survey (SF-36), and radiographic data were collected 
before surgery and at 3, 6, and 12 months postoperatively.

	 Results:	 NRS (back) in the ³80 years group was significantly higher than in the 65-79 years group at 3 months [2 (0-3) 
vs 1 (0-3), P=0.001]. Improvement of SF-36 (3 months: 15.7±4.9 vs 27.6±5.4, P<0.001; 6 months: 27.3±6.8 vs 
31.5±5.6, P=0.011) and Physical Component Score (PCS) (3 months: 6.5±2.5 vs 17.0±3.6, P<0.001; 6 months: 
15.9±3.4 vs 20.1±3.1, P<0.001) at 3 and 6 months in the ³80 years group were significantly smaller than in 
65-79 years group. There was a difference of Pfirrmann index of adjacent segment disc between the 2 groups 
at 12 months [³80 vs 65-79 years group: 5.5 (4-8) vs 5 (3-8), P=0.003].

	 Conclusions:	 Lumbar fusion surgery in patients ³80 years with LSS can provide comparable improvements in clinical and ra-
diographic outcomes compared with younger patients. Postoperative physiological function recovery was slow-
er in patients ³80 years.

	 Keywords:	 Spinal Stenosis • Treatment Outcome • Lumbar Vertebrae • Quality of Life

	 Full-text PDF:	 https://www.medscimonit.com/abstract/index/idArt/938837

Authors’ Contribution: 
Study Design  A

 Data Collection  B
 Statistical Analysis  C
Data Interpretation  D

 Manuscript Preparation  E
 Literature Search  F
Funds Collection  G

1 Department of Orthopedics, Peking Union Medical College Hospital, Chinese 
Academy of Medical Sciences and Peking Union Medical College, Beijing, 
PR China

2 Department of Orthopedic Surgery, Beijing Jishuitan Hospital, Fourth Clinical 
College of Peking University, Jishuitan Orthopaedic College of Tsinghua University, 
Beijing, PR China

3 Department of Orthopedics, The Affiliated Hospital of Qingdao University, 
Qingdao, Shandong, PR China

e-ISSN 1643-3750
© Med Sci Monit, 2023; 29: e938837

DOI: 10.12659/MSM.938837

Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be 
made by its manufacturer, is not guaranteed or endorsed by the publisher

e938837-1
Indexed in:  [Current Contents/Clinical Medicine]  [SCI Expanded]  [ISI Alerting System]   
[ISI Journals Master List]  [Index Medicus/MEDLINE]  [EMBASE/Excerpta Medica]   
[Chemical Abstracts/CAS]

CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

https://orcid.org/0000-0002-3071-371X


Background

With the development of society and medical care, the average 
life expectancy of human beings keeps increasing. By 2050, 
the population of people aged 80 and over will increase to 379 
million around the world [1], with 150 million in China [2]. This 
will lead to increased incidence and prevalence of age-related 
diseases, such as lumbar spinal stenosis (LSS).

LSS is a clinical syndrome of neurogenic claudication and ra-
dicular pain due to a narrowing of the spinal canal or nerve 
root impingement [3]. Pain associated with LSS usually pres-
ents as radiating buttock or lower-extremity pain, burning or 
discomfort, often accompanied by low back pain, and impair-
ment of walking, sensory loss, paresthesias, or muscle weak-
ness, seriously affecting the quality of life of patients [3]. The 
World Health Organization defines elderly people in develop-
ing countries as being over 65 years [4], and LSS is the most 
common indication for spine surgery in people over 65 years of 
age [5]. Posterior lumbar decompression, fixation, and fusion 
surgery is still among the most effective methods for treat-
ing LSS [6], and the use of this procedure is increasing con-
tinuously [7]. Compared with non-surgical treatment, surgery 
with or without fusion can improve disability over 2 years in 
adults with symptomatic LSS [3,6]. As the life expectancy of 
the population increases, more and more elderly patients with 
LSS will require surgical treatment to improve their quality of 
life. In the past 10 years, the “safe age” of lumbar spine sur-
gery reported in the literature gradually increased from 65 to 
75 years old [8,9]. Nevertheless, the elderly, especially those 
age 80 years and older, tend to have multiple comorbidities 
and a high prevalence of osteoporosis, which can have adverse 
effects on lumbar fusion surgery, including increased com-
plications, poor functional outcomes, and increased mortali-
ty [10,11]. The conclusions on the safety and efficacy of lum-
bar fusion surgery in patients over 80 are still controversial, 
and the available data are not comprehensive [12]. Therefore, 
this study aimed to evaluate the lumbar fusion surgical out-
comes of patients with LSS ³80 years vs those 65-79 years.

Material and Methods

Study Design and Population

This retrospective observational study included patients with 
a primary diagnosis of LSS who underwent surgery at the 
Orthopedics Department of our hospital between May 2014 
and September 2020. The study was approved by the Ethics 
Committee of our hospital. The requirement for individual con-
sent was waived by the committee because of the retrospec-
tive nature of the study.

The inclusion criteria were: 1) underwent lumbar decompres-
sion, fixation, and fusion surgery due to LSS as a primary di-
agnosis, 2) followed up at 3, 6, and 12 months postoperative-
ly, and 3) age ³65 years. The exclusion criteria were: 1) lumbar 
disc herniation, 2) rheumatoid arthritis, 3) fresh vertebral frac-
ture or other acute injuries, 4) degenerative scoliosis of >10° 
and >3 mm spondylolisthesis or over 15° instability on dynam-
ic lateral radiograph between adjacent lumbar vertebrae [13], 
or 5) history of lumbar surgery.

The patients were grouped as ³80 and 65-79 years. The 2 
groups were matched for sex and surgical segment. If a patient 
in the study group had multiple matches, computer software 
was used to randomly select a patient for the control group.

Surgical Procedure and Postoperative Rehabilitation

In this study, all patients underwent conventional open surger-
ies. All operations were performed by the same experienced 
senior chief physician. The surgery was performed in the prone 
position. The paraspinal muscles were dissected, and the spi-
nous processes, bilateral articular processes, and roots of the 
transverse processes were exposed. Titanium polyaxial pedicle 
screws (Legacy, Medtronic, USA) were inserted into the bilater-
al pedicles. Two titanium rods were properly bent and placed 
between the nuts to obtain a suitable sagittal curve, and the 
nuts were tightened to lock the rods. Next, laminectomy and 
spinal canal decompression were performed. Finally, bilater-
al modified facet joint fusion was performed, which was an 
innovative technique of the authors’ team [14,15]. Briefly, a 
high-speed grinding drill was used to grind the articular sur-
face of bilateral facet joints to create the bone graft bed. This 
bed was implanted with allogeneic cancellous bone granules 
and autologous cancellous bone.

The drainage tube was removed when the wound drainage 
volume was less than 100 mL/day. Then, the physician guid-
ed the patient to stand and walk under the protection of per-
sonalized lumbar support. All patients were recommended 
to increase their walking exercise 1 month after surgery. The 
lumbar support was removed 3 months postoperatively, and 
standard procedures such as lumbar floating, crouching, bend-
ing, and jogging were performed under guidance to strength-
en the lumbar back muscles.

Data Collection

The demographic and clinical data of patients, including age, 
sex, body mass index (BMI), surgical segment, operation time, 
blood loss volume, drainage tube placement time, length of 
hospital stay, the total cost of hospitalization, and complica-
tions, were collected from the medical records. The weight-
ed Charlson Comorbidity Index (CCI) [16] and the American 
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Society of Anesthesiologists’ physical status classification 
(ASA) [17] were used to assess the preoperative physical con-
dition of these patients.

The Numerical Rating Scale (NRS) for back and leg pain [18], 
the validated simplified Chinese version of Oswestry Disability 
Index (ODI) [19], and the validated simplified Chinese version 
of Short-Form Health Survey (SF-36) [20] were collected before 
surgery and at 3, 6, and 12 months after surgery. SF-36 was di-
vided into 2 parts for statistical analysis: Physical Component 
Summary (PCS) and Mental Component Summary (MCS). The 
improvement value was used as the indexes of clinical out-
comes and defined as the change between the score at fol-
low-up and the preoperative score.

The preoperative radiographic data included all-spine lateral ra-
diograph, extension-flexion lateral radiograph, lumbar magnet-
ic resonance imaging (MRI), and bone density test. An imme-
diate postoperative lumbar lateral radiograph was performed 
to determine if the screws were positioned correctly. All-spine 
lateral X-rays were performed at 3, 6, and 12 months. A lumbar 
MRI was performed at 6 and 12 months. Lumbar computed to-
mography (CT) was performed at 12 months. Preoperative and 
postoperative all-spine lateral radiographs were used to evalu-
ate the sagittal parameters and implant-related complications 
and to record the preoperative osteoporotic compression ver-
tebra fractures (OVF) and the postoperative new-onset OVF. All 
sagittal spino-pelvic parameters were collected, including sag-
ittal vertical axis (SVA), sacral slope (SS), pelvic tilt (PT), pel-
vic incidence (PI), upper thoracic kyphosis angle (T2-T5), lower 
thoracic kyphosis angle (T5-T12), thoracolumbar lordosis an-
gle, and lumbar lordosis angle (LLA) (T12-S1) at each follow-up 
time point [21]. The bone union status was assessed using the 
postoperative CT. The Pfirrmann index was used to grade the 
degree of adjacent disc degeneration from levels 1 to 8 [22]. 
The middle part of the disc was selected in T2WI sagittal lum-
bar MRI images to obtain the Pfirrmann index to ensure consis-
tency of grading criteria. For patients without L5/S1 fusion, the 
Pfirrmann index was defined as the average of the upper and 
lower adjacent segment discs. For patients with L5/S1 fusion, 
the Pfirrmann index referred to the upper adjacent segment disc.

Statistical Analysis

SF-36 (including PCS and MCS) was used as the main out-
come. According to previous studies, the relevant parame-
ter values were set at a=0.05 (bilateral) and b=0.10. By us-
ing PASS 15.0 (NCSS, USA), the sample size of each group 
was 10 cases. Assuming that the loss to follow-up rate was 
20%, the required sample size was 12 patients in each group. 
Data were analyzed using SPSS 23.0 (IBM, Armonk, NY, USA). 
Patients with missing data were excluded. The Shapiro-Wilk 
normality test was performed to determine the distribution 

normality of all data. Normally distributed data are presented 
as means±standard deviation (SD) and analyzed using the in-
dependent t test. Skewed distributed data are shown as me-
dians (range) and were analyzed using the Mann-Whitney U 
test. Categorical variables are presented as n (%) and were 
analyzed using Fisher’s exact test. Two-sided P values <0.05 
were considered statistically significant.

Results

Characteristics of the Patients

Thirty-three patients with LSS were included in the ³80 years 
group. After matching based on sex and surgical segment, 33 
patients in the 65-79 years group were included.

The mean age of the patients in the ³80 years group was 
82.9±2.1 years (range, 80-88 years). The mean age of the pa-
tients in the 65-79 years group was 69.1±2.9 years (range, 65-
78 years). There were significant differences in BMI, CCI, ASA 
classification, osteoporosis, operation time, blood loss, drain-
age tube placement time, pre-operation hospital stay, post-
operation hospital stay, SF-36, PCS, MCS, and Pfirrmann index 
between the 2 groups (all P<0.05) (Table 1).

The NRS (back) in the ³80 years group was significantly higher 
than in the 65-79 years group at 3 months after the operation: 
2 (0-3) vs 1 (0-3), P=0.001. The SF-36 (3 months: 15.7±4.9 vs 
27.6±5.4, P<0.001; 6 months: 27.3±6.8 vs 31.5±5.6, P=0.011) 
and PCS (3 months: 6.5±2.5 vs 17.0±3.6, P<0.001; 6 months: 
15.9±3.4 vs 20.1±3.1, P<0.001) improvements at 3 and 6 months 
postoperatively in the ³80 years group were significantly small-
er than in the 65-79 years group (all P<0.05) (Figure 1). There 
were no differences in ODI and MCS improvements between 
the 2 groups (Table 2 and Figures 2, 3).

There were no significant differences in any radiographic out-
comes between the 2 groups, except for Pfirrmann index at 
12 months (³80 years group vs 65-79 years group: 5.5 (4-8) 
vs 5 (3-8), P=0.003) (Table 3).

Postoperative complications occurred in 6 patients in the ³80 
years group (18.2%), including 1 case of wound infection, 2 
of poor wound healing, 2 of delirium, and 1 of intermuscular 
vein thrombosis. One patient in the 65-79 years group (3.0%) 
had complicated wound incision healing.

Discussion

In a multicenter observational study, Giannadakis et al 
[23] followed patients who underwent laminectomy or 
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³80 years (n=33) 65-79 years (n=33) P

Age (years) 	 82.9±2.1 	 69.1±2.9 <0.001

Sex (M/F) 14/19 14/19 Matched

BMI (kg/m2) 	 23.6±2.0 	 25.4±2.6 0.003

Comorbidity (CCI) 	 2	 (0-4) 	 1	 (0-4) 0.032

ASA classification 	 2	 (1-3) 	 2	 (1-3) 0.011

Osteoporosis 	 11	 (33.3%) 	 4	 (12.1%) 0.038

Surgical segment

	 L2-S1 1 1

	 L2-5 4 4

	 L3-S1 3 3

	 L3-5 9 9 Matched

	 L4-S1 3 3

	 L2-3 1 1

	 L4-5 10 10

	 L5-S1 2 2

Operation time (min) 	 127±23 	 115±22 0.029

Blood loss (ml) 	 232±102 	 173±63 0.007

Drainage tube placement time (d) 	 3	 (2-6) 	 2	 (2-4) 0.012

Pre-op hospital stay (d) 	 5	 (2-10) 	 3	 (1-5) <0.001

Post-op hospital stay (d) 	 10	 (6-40) 	 5	 (3-14) <0.001

Cost (CNY) 	 74,618	 (57,321-157,582) 	 69,873	 (50,045-117,893) 0.113

Complications 	 6	 (18.2%) 	 1	 (3.0%) <0.001

Preoperative 

NRS (back) 	 5.6±1.6 	 5.1±2.2 0.347

NRS (leg) 	 6.3±2.0 	 6.4±1.6 0.946

ODI 	 65.4±14.0 	 62.4±13.4 0.375

SF-36 	 76.2±5.3 	 82.0±5.8 <0.001

PCS 	 34.3±4.0 	 37.3±3.2 0.001

MCS 	 41.9±2.4 	 44.8±3.1 <0.001

T2-5 	 10.1±6.4 	 10.7±6.3 0.685

T5-12 	 27.2±13.7 	 23.9±12.0 0.310

T10-L2 	 8	 (0-24) 	 4	 (0-19) 0.055

T12-S1 	 43.7±16.2 	 46.0±17.2 0.572

SS 	 31.6±12.4 	 34.1±13.2 0.438

PT 	 21.2±8.0 	 21.9±8.6 0.746

Table 1. Clinical characteristics of the patients.
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microdecompression; they compared those ³80 years (n=178) 
with those 21-79 years (n=1325) and found no differences in 
ODI and NRS (back and leg) at 1 year after surgery. In another 
study, the ODI recovered to 27.3 and 23.7, NRS (back) recovered 
to 3.6 and 3.9, and NRS (leg) recovered to 3.5 and 3.6 (³80 vs 
<80 years) at 1 year postoperatively [24]. Similar results were 
obtained in a single-center retrospective study: patients >80 
years (n=38) and <80 years (n=28) underwent lumbar fusion 
surgery and had comparable clinical outcomes [25]. Likewise, 
in the present study, there were no differences in the postoper-
ative improvement of ODI. Most previous studies only provid-
ed final data at the last follow-up without comparing multiple 
follow-up results in the short term [24-27]. We found that the 
improvement of ODI was greater within 3 months after sur-
gery. It stabilized after 6 months after surgery, and the trend-
of ODI improvement was also similar in the 2 groups. At 12 
months after the operation, the ODI of the 2 groups recovered 
to 21.6±4.3 and 19.6±3.7, and the improvement of ODI was 
44.3±14.8 and 42.6±13.2 (³80 years vs 65-79 years). On the 
one hand, the pain improvement of patients ³80 years was 
not different from those of patients younger than 80 years af-
ter surgery. On the other hand, it also showed that the speed 
of pain recovery in the 2 groups was similar, and most of the 
pain symptoms were relieved within 3 months after surgery. 

No study has reported this result yet. In the present study, at 
3 months, the NRS (back) in the ³80 years group was higher 
than in the 65-79 years group, which might be related to old-
er age and a higher prevalence of osteoporosis [28], but there 
was no difference in NRS (back and leg) between the 2 groups 
at 6 months and 12 months after surgery.

LSS seriously affects the patients’ quality of life and, to varying 
degrees, affects the patients’ physical and mental health [29]. 
SF-36 is a commonly used health self-assessment question-
naire that can effectively assess patients’ physiological func-
tion and psychological status [20]. In a 2-year follow-up of 
patients ³80 years vs 65-79 years who underwent posterior 
lumbar interbody fusion (PLIF), Hayashi et al [10] found that 
only the body pain (BP) subdomain of SF-36 was significantly 
improved in the elderly group. Rihn et al [27] reported on pa-
tients with lumbar degenerative disease treated surgically or 
conservatively and found no differences in PCS scores between 
patients >80 years vs those 65-79 years. However, neither of 
these 2 studies assessed the dynamic outcomes of SF-36 at 
multiple follow-up time points after surgery. In the present 
study, the preoperative baseline PCS and MCS differed be-
tween the 2 groups. This difference could be due to the nega-
tive impact of more comorbidities on the physical function and 

Table 1 continued. Clinical characteristics of the patients.

F – female; M – male; BMI – body mass index; CCI – Charlson comorbidity index; ASA – American Society of Anesthesiologists; 
Pre-op – preoperative; Post-op – postoperative; CNY – Chinese Yuan; NRS – numerical rating scale; ODI – Oswestry Disability Index; 
SF-36 – Short-Form Health Survey; PCS – physical component score; MCS – mental component score; SS – sacral slope; PT – pelvic tilt; 
PI – pelvic incidence; SVA – sagittal vertical axis; OVF – osteoporotic compression vertebra fractures.

³80 years (n=33) 65-79 years (n=33) P

PI 	 52.9±13.0 	 56.0±13.7 0.346

SVA (mm) 	 7	 (-62-160) 	 4	 (-57-80) 0.944

OVF 	 4	 (12.1%) 	 1	 (3.0%) 0.355

Pfirrmann 	 5	 (4-8) 	 4.5	 (3-8) <0.001
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Figure 1. (A, B) The change of PCS in 3-, 6-, and 12-month follow-up.
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³80 years (n=33) 65-79 years (n=33) P

3 months n=32 n=32

	 NRS (back) 	 2	(0-3) 	 1	(0-3) 0.001

	 NRS (leg) 	 2	(0-6) 	 2	(0-3) 0.516

	 ODI 25.0±7.2 22.8±4.9 0.166

	 ODI improvement 42.3±12.0 39.1±12.3 0.308

	 SF-36 91.6±6.2 109.7±4.9 <0.001

	 SF-36 improvement 15.7±4.9 27.6±5.4 <0.001

	 PCS 40.5±4.4 54.2±3.3 <0.001

	 PCS improvement 6.5±2.5 17.0±3.6 <0.001

	 MCS 51.1±3.2 55.5±2.2 <0.001

	 MCS improvement 9.2±3.5 10.6±3.0 0.085

6 months n=30 n=30

	 NRS (back) 	 2	(0-4) 	 1	(0-2) 0.130

	 NRS (leg) 	 1	(0-4) 	 1	(0-2) 0.305

	 ODI 22.5±5.8 20.54±3.6 0.117

	 ODI improvement 43.9±12.4 40.7±12.4 0.317

	 SF-36 103.5±6.5 113.9±3.9 <0.001

	 SF-36 improvement 27.3±6.8 31.5±5.6 0.011

	 PCS 50.2±4.1 57.6±2.7 <0.001

	 PCS improvement 15.9±3.4 20.1±3.1 <0.001

	 MCS 53.3±4.2 56.3±2.3 0.001

	 MCS improvement 11.4±4.6 11.3±3.6 0.951

12 months n=28 n=28

	 NRS (back) 	 1	(0-4) 	 1	(0-2) 0.072

	 NRS (leg) 	 1	(0-3) 	 1	(0-2) 0.576

	 ODI 21.6±4.3 19.6±3.7 0.077

	 ODI improvement 44.3±14.8 42.6±13.2 0.660

6SF-36 108.7±6.6 117.0±4.4 <0.001

	 SF-36 improvement 33.0±7.4 34.8±6.0 0.332

	 PCS 54.6±3.9 59.4±2.7 <0.001

	 PCS improvement 20.4±3.6 22.2±3.2 0.064

	 MCS 54.1±4.1 57.5±2.6 <0.001

	 MCS improvement 12.6±4.8 12.6±3.9 0.976

Table 2. Clinical outcomes.

NRS – numerical rating scale; ODI – Oswestry Disability Index; SF-36 – Short-Form Health Survey; PCS – physical component score; 
MCS – mental component score.
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self-perception health of the patients in the ³80 years group. 
Interestingly, the improvement in MSC was comparable be-
tween the 2 groups at all postoperative follow-up time points. 
In addition, the MCS of both groups was mostly improved at 
3 months postoperatively and gradually stabilized during fol-
low-up. Pain was mostly relieved in both groups at 3 months 
postoperatively, which might have resulted in improved MCS. 
The improvement of ODI and MCS in the 2 groups had similar 
trends over time, validating that hypothesis. The PCS of the 
65-79 years group was significantly improved 3 months after 
surgery and stabilized during follow-up. PCS improvement in 
the ³80 years group was slower and was comparable to the 
65-79 years group until 12 months after surgery. This might 
be because patients ³80 years have poorer overall health and 
take longer to recover after surgery. Surgeons should make pa-
tients ³80 years aware of the slow recovery of function after 
surgery and help patients establish reasonable expectations 
that can lead to better surgical satisfaction [30]. The PCS of 
the ³80 years group was lower than in the 65-79 years group 
at 12 months. Older patients usually have a longer disease 
course, which means the nerve is compressed for longer, lead-
ing to less mobility after surgery [31,32]. Therefore, we believe 
that to avoid long-term nerve compression resulting in poor 

postoperative physiological recovery, patients with surgical in-
dications should undergo timely surgical treatment, which is 
also suitable for patients ³80 years old.

More postoperative complications occurred in the ³80 years 
group compared to the 65-79 years group, which was consis-
tent with the results of some other studies [26,33]. Prolonged 
operation time was associated with a higher risk of complica-
tions [34,35]. Prolonged drainage tube placement time may 
increase the risk of postoperative wound infection or poor 
wound healing [36]. The present study had similar results. The 
prevalence of osteoporosis was significantly higher in the ³80 
years group than in the 65-79 years group. Poor bone condi-
tion means greater difficulty in screw placement and decom-
pression, which can increase operation time and blood loss, 
further increasing drainage tube placement time and compli-
cation rates. This suggests that surgeons should be alert for 
postoperative complications in patients ³80 years.

Sagittal balance is an important radiographic index in lum-
bar fusion surgery. Sagittal imbalance contributes to low back 
pain and adjacent segment degeneration (ASD) [37-40]. A me-
ta-analysis demonstrated that the loss of lumbar lordosis was 
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Figure 2. (A, B) The change of ODI in 3-, 6-, and 12-month follow-up.
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Figure 3. (A, B) The change of MCS in 3-, 6-, and 12-month follow-up.
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³80 years 65-79 years P

T2-5

	 3 months 9.9±6.9 11.0±7.0 0.554

	 6 months 11.4±6.9 10.2±5.5 0.502

	 12 months 11.2±6.4 10.6±5.2 0.729

T5-12

	 3 months 31.1±10.5 25.7±11.8 0.075

	 6 months 28.7±10.0 25.5±8.9 0.216

	 12 months 28.3±11.2 25.2±7.6 0.264

T10-L2

	 3 months 9.0±5.7 6.7±4.7 0.107

	 6 months 9.0±5.0 7.6±4.5 0.294

	 12 months 9.3±4.6 7.4±5.7 0.197

T12-S1

	 3 months 43.8±14.4 46.3±11.5 0.463

	 6 months 44.8±13.6 45.1±11.7 0.923

	 12 months 43.4±13.2 44.9±8.6 0.643

SS

	 3 months 34.0±11.2 35.8±9.1 0.514

	 6 months 30.8±10.5 32.7±8.6 0.465

	 12 months 31.5±8.9 32.5±8.0 0.696

PT

	 3 months 21.4±8.3 21.1±7.9 0.909

	 6 months 	 19	 (12-42) 	 19	 (11-39) 0.890

	 12 months 20.4±6.9 19.8±6.9 0.740

PI

	 3 months 55.4±11.4 56.9±12.2 0.629

	 6 months 51.6±10.2 53.7±11.2 0.495

	 12 months 51.9±8.9 52.2±11.0 0.920

SVA (mm)

	 3 months 	 18	 (-43-120) 	 0	 (-46-53) 0.108

	 6 months 	 13	 (-39-125) 	 0	 (-58-73) 0.113

	 12 months 	 15.5	 (-40-110) 	 5.5	 (-45-41) 0.069

Table 3. Radiographic outcomes.
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significantly associated with low back pain [38]. He et al [37] 
suggested that insufficient improvement in PT can lead to un-
satisfactory postoperative low back pain relief. Liow et al [39] 
found that patients with short-segment lumbar fusion sur-
gery with a postoperative SS >30° had a lower incidence of 
low back pain. The present study showed no significant dif-
ferences in sagittal parameters.

Lower postoperative bone union rates were reported in pa-
tients >80 years compared with younger patients [10,24], 
which was not entirely consistent with the present study since 
there was no significant difference (87.5% vs 91.7%), perhaps 
because of the use of the modified facet joint bone graft fu-
sion that has been used by the authors for many years. The 
higher bone union rate is one of the advantages of this tech-
nique [14,15]. No new-onset OVF occurred in all patients dur-
ing the 1-year follow-up, which could be due to insufficient 
follow-up time. In addition, the patients strictly wore lumbar 
support for 3 months after surgery.

In the present study, none of the patients developed ASD dur-
ing the 12-month follow-up, which may be related to the short 
follow-up. The Pfirrmann index of adjacent segmental inter-
vertebral discs in the ³80 group was higher than in the 65-
79 years group at baseline and 12 months indicating that age 
³80 years does not aggravate the progression of ASD in pa-
tients with LSS after lumbar fusion surgery in the short term. 
However, further verification with longer follow-up is required.

This study has some limitations. First, the sample size was 
small, mainly due to the strict inclusion and exclusion crite-
ria and the nature of a single-center study. Second, the retro-
spective nature of the study limited the data to those avail-
able from the charts. Future studies should further expand 
the sample size and conduct multicenter studies to validate 

existing findings. Nonetheless, this study has some strengths. 
First, the 2 groups were strictly matched by sex and surgical 
segment. Second, data not available in previous studies were 
reported here, including drainage tube placement time, sag-
ittal parameters, and Pfirrmann index of adjacent segmental 
intervertebral discs. 

Conclusions

Although recovery of postoperative physiology is slower in pa-
tients ³80 years of age compared with patients aged 65-79 
years, lumbar fusion surgery is safe for patients with LSS ³80 
years old. Surgical treatment provides comparable improve-
ments in pain and quality of life in patients over 80 years of 
age as in younger patients. In view of the poor postoperative 
physiological function of elderly patients, patients ³80 years 
of age should receive timely surgical treatment for better func-
tional recovery.
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Table 3 continued. Radiographic outcomes.

³80 years 65-79 years P

Bone union rate

	 12 months 	 21	 (87.5%) 	 22	 (91.7%) 1.000

Pfirrmann

	 12 months 	 5.5	 (4-8) 	 5	 (3-8) 0.003

At 3 months after surgery, 28 pairs of radiographic data were available to analysis. At 6 months after surgery, 28 pairs of radiographic 
data were available to analyze. At 12 months after surgery, 24 pairs of radiographic data were available for analysis. T2-T5 – angle 
between upper endplate of T2 and lower endplate of T5; T5-T12 – angle between upper endplate of T5 and lower endplate of T12; 
T10-L2 – angle between upper endplate of T10 and lower endplate of L2; T12-S1 – angle between upper endplate of T12 and upper 
endplate of S1; SS – sacral slope; PT – pelvic tilt; PI – pelvic incidence; SVA – sagittal vertical axis; OVF – osteoporotic compression 
vertebra fractures; Pfirrmann – Pfirrmann index of the adjacent segment disc
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