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Abstract
Background The aim of this study was to investigate whether clinical outcomes in patients aged ≥ 70 undergoing decom-
pressive surgery for degenerative cervical myelopathy (DCM) differ from those of younger patients (50–70 years) at 1 year.
Methods Data were obtained from the Norwegian Registry for Spine Surgery (NORspine). Among 651 patients included, 
177 (27.2%) were ≥ 70 years old. The primary outcome was change in the Neck Disability Index (NDI). Secondary outcomes 
were changes in the European Myelopathy Score (EMS), quality of life (EuroQoL EQ-5D), numeric rating scales (NRS) for 
headache, neck pain, and arm pain, and complications.
Results Significant improvements in all patient-reported outcomes (PROMs) were detected for both age cohorts at 1 year. 
For the two age cohorts combined, there was a statistically significant improvement in the NDI score (mean 9.2, 95% CI 
7.7 to 10.6, P < 0.001). There were no differences between age cohorts in mean change of NDI (− 8.9 vs. − 10.1, P = 0.48), 
EQ-5D (0.13 vs. 0.17, P = 0.37), or NRS pain scores, but elderly patients experienced a larger improvement in EMS (0.7 vs. 
1.3, P = 0.02). A total of 74 patients (15.6%) in the younger cohort and 43 patients (24.3%) in the older cohort experienced 
complications or adverse effects within 3 months of surgery, mainly urinary and respiratory tract infections.
Conclusion Surgery for DCM was associated with significant improvement across a wide range of PROMs for both younger 
and elderly patients. Surgery for DCM should not be denied based on age alone.

Keywords Myelopathy in the elderly · Degenerative cervical myelopathy (DCM) · Cervical spondylotic myelopathy 
(CSM) · Surgery · Neck Disability Index (NDI) · European Myelopathy Score (EMS)
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Introduction

Degenerative cervical myelopathy (DCM), or cervical spon-
dylotic myelopathy, is the most common cause of spinal 
cord impairment [19] and is associated with a wide range of 
symptoms and findings including gait disturbances, imbal-
ance, loss of dexterity, impaired coordination, frequent falls, 
pain and stiffness in the neck, pain and numbness in limbs, 
and autonomic alterations that may cause bowel, urinary, 
and sexual problems [1, 28]. The initial symptoms are often 
subtle, and considerable delay in diagnosis is common. Cli-
nicians need to be aware of the diagnosis and refer to MRI 
when DCM is suspected. There is growing evidence that 
decompressive surgery in selected patients can arrest pro-
gression of myelopathy and provide meaningful improve-
ments in functional status, neurological outcomes, pain, 
and quality of life [10, 13]. However, complete resolution 
of symptoms is unlikely following surgery and risk associ-
ated with surgery is not negligible, as almost one in three 
patients reports adverse events within 3 months [12]. One 
suggested predictor for a less fortunate outcome after sur-
gery is age [38]. As the elderly segment of the population 
continues to grow and MRI is readily available, the inci-
dence of DCM is expected to rise. The prevalence and inci-
dence of DCM is not well studied [3]. Studies on the general 
health of the Norwegian population show that at 65 years of 
age, life expectancy for men is 18.6 years, of which 14.4 will 
be healthy life years, and 21.5 years for women, of which 
16.7 will be healthy life years. We do, however, not have 
good numbers for general health and quality of life for per-
sons > 75 years of age [9].

High-quality data on surgical outcomes among elderly 
patients operated for degenerative cervical myelopathy are 
scarce [36], and there is concern that elderly patients experi-
ence less favorable outcome and more complications com-
pared with younger patients [38]. However, the significance 
of age on the outcome after DCM surgery remains unclear. 
The purpose of this study was to compare the effectiveness 
and safety of surgery for DCM in patients aged ≥ 70 years vs. 
patients aged 50–70 years. We hypothesized that the elderly 
cohort would improve less than the younger cohort, and that 
they would have more complications.

Methods

The reporting in this paper is consistent with the STROBE 
(Strengthening the Reporting of Observational Studies in 
Epidemiology) guidelines [35]. The study was approved by 

the Regional Committee for Medical Research and Health 
Research Ethics in Central Norway (2016/840), and all par-
ticipants provided written informed consent.

Study population

The Norwegian Registry for Spine Surgery (NORspine) 
provides prospectively collected data on patients undergo-
ing surgery for degenerative spinal disorders. NORspine is 
used for quality control and research, and provides data on 
demographics, lifestyle, and comorbidity, as well as patient-
reported outcomes after spinal surgery [27]. All clinics that 
perform surgery for degenerative cervical disorders in Nor-
way report to the registry [24, 26]. More than 80% of all 
surgeries on degenerative cervical spine in Norway are reg-
istered [13]. The study was planned after the data were col-
lected, but before retrieval of data from the registry. Patients 
were included in the study if they had a primary diagnosis 
of DCM, were ≥ 50 years, and had undergone decompres-
sive surgery between January 2012 and June 2018. Patients 
undergoing surgery for myelopathy for all other reasons, 
such as trauma, malignancies, infection, or deformity, are 
excluded from the registry. The patients were dichotomized 
into patients 50–70 years and patients aged ≥ 70 years.

Surgical procedures

The patients were referred to surgery based on clinical 
symptoms of myelopathy and corresponding radiographic 
findings. The surgical approach, number of operated levels, 
and the use and type of instrumentation were performed at 
the surgeons’ discretion.

Outcome measures

The primary outcome measure was change in Neck Disabil-
ity Index (NDI) from baseline to 1-year follow-up. Second-
ary outcome measures were changes in the European Mye-
lopathy Score (EMS), EQ-5D (EuroQoL’s instrument for 
measuring quality of life), and numeric rating scales (NRS) 
for headache, neck pain, and arm pain. The Global Perceived 
Effect (GPE) scale was used to measure the patients’ assess-
ment of their condition 1 year after surgery. In addition, we 
reported surgeon and patient-reported complications that 
occurred within 3 months of surgery.

The NDI is a self-rated questionnaire developed for 
patients with neck disability. It has been translated into 
Norwegian and tested for psychometric properties [18]. 
The questionnaire is composed of ten items: seven related 
to activities of daily living (personal care, lifting, reading, 
work/daily activities, driving, sleep, and recreation), two 
related to pain (pain, headache), and one related to concen-
tration. Each item is rated from 0 to 5. The NDI summary 
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score ranges from 0 to 100, with lower scores indicating 
less disability.

The severity of cervical myelopathy was assessed by 
using the EMS [14, 34]. The EMS has five subscores: gait 
(1–5 points), bladder and bowel function (1–3 points), hand 
function (1–4 points), proprioception and coordination (1–3 
points), and dysesthesia and paresthesia (1–3 points) [14, 
34]. All subscores are functional, self-rated criteria that do 
not require formal testing. The total score ranges between 5 
and 18. The EMS scores were dichotomized into mild DCM 
(scores of ≥ 13) and moderate-to-severe (scores between 5 
and 12) [13].

Changes in health-related quality of life were measured 
with EQ-5D. The Norwegian version has shown good psy-
chometric properties [30]. It evaluates five dimensions of the 
quality of life: mobility, self-care, activities of daily living, 
pain, and anxiety and/or depression. For each dimension, the 
patient describes three possible levels of problems (none, 
mild-to-moderate, and severe). An index value for health 
status is generated for each patient. Scores range from − 0.6 
to 1, where 1 indicates perfect health.

Headache, neck and arm pain were measured with NRS 
[15]. NRS is a one-dimensional pain scale ranging from 0 
(no pain) to 10 (worst imaginable pain).

The GPE scale [20] has seven categories: (1) complete 
recovery, (2) much better, (3) slightly better, (4) unchanged, 
(5) slightly worse, (6) much worse, and (7) worse than ever.

Surgeons provided data related to the following periop-
erative complications: unintentional durotomy, nerve root 
injury, wrong level of surgery, misplacement of implant, 
intraoperative hemorrhage requiring blood replacement, 
respiratory complications, anaphylactic reaction, spinal cord 
injury, esophageal injury, major vessel injury, cardiovascu-
lar complications, and other nerve injury. Patient-reported 
complications that occurred within 3 months of surgery were 
superficial wound infection, deep wound infection, urinary 
tract infection, pneumonia, pulmonary embolism, deep vein 
thrombosis, dysphagia, and dysphonia.

Data collection

Patients completed a self-administered questionnaire with 
baseline data on admission for surgery. The questionnaire 
included questions about demographics and personal char-
acteristics (marital status, education, body mass index, and 
smoking). In addition, baseline data on patient-reported 
outcome measures (PROMs) were collected. Using a stand-
ard registration form, surgeons recorded data on diagnosis, 
comorbidity (including rheumatic diseases, hip or knee 
osteoarthritis, depression or anxiety, musculoskeletal pain, 
neurological disorder, cerebrovascular disease, cardiovas-
cular disease, vascular claudication, lung disease, cancer, 
osteoporosis, hypertension, endocrine disorders), American 

Society of Anesthesiologists (ASA) score, image-related 
findings, hospital stay, and surgical procedure. NORspine 
distributed self-administered questionnaires to the patients 
by mail 3 and 12 months after surgery, without involving the 
treating hospitals. Non-responders received one reminder, 
together with a second copy of the questionnaire.

Statistical analysis

Statistical analyses were performed with SPSS version 26 
(IBM) and Software R version 3.6.3. For statistical compari-
son tests, the significance level was defined as P ≤ 0.05. Fre-
quencies were used for demographic variables at baseline, 
and changes in EMS, NDI, EQ-5D, and NRS were analyzed 
with paired sample T tests. Independent sample T tests were 
used to compare the changes between the two groups.

Missing data were handled with linear mixed model 
analyses. This strategy was in line with studies showing 
that imputations are not necessary before performing linear 
mixed model analysis of longitudinal data [23, 33]. In the 
mixed model, patients were not excluded from the analysis 
if a variable was missing at some, but not all, time points 
after baseline.

Results

In total, 651 patients were included in the study. There were 
474 (72.8%) patients in the age group 50–70 years and 177 
(27.2%) patients aged ≥ 70 years. A total of 525 participants 
(81%) provided PROMs at 3 and/or 12 months, and the 
response rate was similar for both age cohorts (80% vs. 84%, 
P = 0.24). Baseline characteristics are presented in Table 1.

Surgical outcomes are listed in Table 2. For both cohorts 
combined, there was a statistically significant improve-
ment in NDI score (mean change 9.2, 95% CI, 7.7–10.6, 
P < 0.001). Complete case analyses showed no difference 
between age cohorts in change in NDI (mean difference 1.3, 
95% CI − 2.2–4.7, P = 0.48), EQ-5D (mean difference − 0.04, 
95% CI − 0.11–0.04, P = 0.37), NRS headache (mean dif-
ference 0.2, 95% CI − 0.6–0.9, P = 0.64), NRS neck pain 
(mean difference 0.5, 95% CI − 0.2–1.2, P = 0.18), or NRS 
arm pain (mean difference 0.5, 95% CI − 0.5–1.1, P = 0.44) 
from baseline to 1 year. EMS measured on the whole cohort 
changed from 14.0 to 14.9 (mean change 0.9 (95% CI 
0.7–1.1, P < 0.001). Elderly patients had lower EMS scores 
at both baseline (14.5 vs. 12.7, P < 0.001) and 1 year (15.2 
vs. 14.0, P < 0.001), and moderate-to-severe DCM was more 
common in the elderly group (41.6% vs. 18.2%, P < 0.001) 
compared to younger patients. The mean EMS change was 
slightly larger in the older age cohort (mean difference 0.6, 
95% CI 0.1–1.1, P = 0.02).
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The results of linear mixed model analyses were similar 
to those of the complete case analyses for all PROMs.

GPE for both age groups combined revealed that 167 out 
of 400 patients (41.8%) reported either complete recovery or 
much better at 1 year, and 64 out of 400 (16%) reported that 
they were slightly worse, much worse, or worse than ever at 
1 year (Fig. 1). There was no difference in perceived benefit 
at 3 (P = 0.34) or 12 (P = 0.39) months.

Most patients were operated via either anterior or pos-
terior approach, and very few underwent circumferential 
surgery and/or instrumentation. In the older age cohort, 132 
patients (74.6%) were operated via posterior approach versus 
207 (43.7%) in the younger age cohort.

Patients aged ≥ 70 years had 0.5 days longer hospital stay, 
mean 2.3 days (CI 95% 2.0 to 2.5) vs. 1.8 days (CI 95% 1.6 
to 1.9) in the younger age cohort, P = 0.001.

Table 3 provides details of surgeon and patient-reported 
complications. There were no deaths within 30 days of sur-
gery and no differences in surgeon-reported complications. 
In total, 117 patients (18.0%) reported complications within 
3 months of surgery, 74 (15.6%) in the younger cohort vs. 
43 (24.3%) in the older age cohort. Patients aged ≥ 70 years 

reported more urinary and respiratory tract infections within 
3 months of surgery compared with patients in the younger 
age group.

Dysphagia was reported by 32/368 (8.7%) in the younger 
age cohort and 14/146 (9.6%) in the older age cohort.

Discussion

Patients aged ≥ 70  years experienced similar change in 
PROMs after decompressive surgery compared to younger 
patients. Moreover, elderly patients reported a larger 
improvement in EMS compared to younger patients. Elderly 
patients had longer hospital stays and experienced more 
minor complications compared with those aged 50–70 years.

Patients should be informed that complete resolution of 
symptoms and disability is unlikely, and that there is a risk 
of complications and neurological deterioration following 
surgery for DCM. Elderly patients had higher disability at 
baseline, and this may explain more residual symptoms at 
1 year. Still, almost three out of four patients in both age 
cohorts reported at least some improvement according to 

Table 1  Demographic 
characteristics, coexisting 
illness, and measures of health 
status for both groups

Variable Age 50–70 Age ≥ 70 P value

No. (%) 474 (72.8%) 177 (27.2%)
Age–year (median, range) 59 (50–69) 74 (70–87)
Female sex—no. (%) 172 (36.3%) 67 (37.9%) 0.71
Married or partner—no. (%) 334 (70.5%) 112 (64.3%) 0.11
College education—no. (%) 142 (32.0%) 44 (27.3%) 0.27
Mean body mass index 27.5 (95% CI 27.1 to 27.9) 26.0 (95% CI 25.3 to 26.6)  < 0.001
Current smoker—no. (%) 154 (33.1%) 28 (15.8%)  < 0.001
Comorbidity—no. (%) 273 (56.6%) 140 (79.1%)  < 0.001
Cardiovascular disease 51 (10.8%) 64 (36.2%)
Cerebrovascular disease 12 (2.5%) 10 (5.6%)
Diabetes mellitus 38 (8.0%) 21 (11.9%)
Chronic lung disease 42 (8.9%) 20 (11.3%)
Hypertension 99 (20.9%) 75b(42.4%)
Osteoporosis 3 (0.6%) 6 (3.4%)
Chronic neurologic disease 14 (3.0%) 13 (7.3%)
Chronic musculoskeletal pain 29 (6.1%) 9 (5.1%)
Cancer 7 (1.5%) 14 (7.9%)
Rheumatoid arthritis 18 (3.8%) 7 (4.0%)
Ankylosing spondylitis 7 (1.5%) 0 (0.0%)
Other rheumatic disease 12 (2.5%) 8 (4.5%)
Prior cervical spine surgery 65 (13.7%) 18 (10.2%) 0.23
Symptoms > 1 year 98 (21.5%) 31 (18.7%) 0.43
ASA grade > 2 78 (17.0%) 101 (59.1%)  < 0.001
Preoperative NDI 33.1 (95% CI 31.5 to 34.7) 35.6 (95% CI 32.5 to 38.7) 0.08
Preoperative EMS 14.5 (95% CI 14.3 to 14.7) 12.8 (95% CI 12.3 to 13.3)  < 0.001
EMS moderate-to-severe (5–12 points) 77/418 (18.2%) 64/154 (41.6%)  < 0.001
Preoperative EQ-5D 0.47 (95% CI 0.44 to 0.50) 0.40 (95% CI 0.34 to 0.46) 0.01
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GPE assessments at 1 year. Both groups experienced sta-
tistically significant improvement in all outcome measures. 
The clinical improvement is, however, modest, and the study 
population as a whole did not meet the recently suggested 
MCIC for NDI, NRS pain scores, and EQ-5D in a study 
from the Swedish Spine Registry [29]. One could argue that 
MCIC is of lesser importance given the often progressive 
nature of DCM [7].

The choice of cutoff age for “elderly” varies between 
studies. Some define elderly as > 65 years of age [25] and 
others as > 75 years of age [21]. A study trying to define a 
cutoff age for what is considered elderly by interviewing 
300 individuals landed on 73.7 years [6]. In a recent AOS-
pine study on DCM surgery in the elderly, the cutoff age for 
elderly was set to 70 years [37]. In concordance with this, 
we chose 70 years of age or older as our definition of elderly.

Cervical spinal degeneration and comorbidity increase 
with age, and as expected, the two cohorts were not bal-
anced for baseline factors. Patients in the older age cohort 
had more disability at baseline and at 1 year after surgery 
compared with patients in the younger age cohort. Still, the 
older age cohort had similar improvement in all PROMs 
at 1 year despite more comorbidity and higher ASA grade 
which possibly could impact the results in a negative man-
ner. The proportion of patients operated for moderate-to-
severe myelopathy was significantly higher in the older 
age cohort. Patients in both age groups who were operated 

Table 2  Outcomes at 1 year in patients operated for degenerative cervical myelopathy

Complete case analyses (N = 363)
Age 50–70 years, N = 267 Age ≥ 70 years, N = 96

Variable Baseline 1 year Mean change Baseline 1 year Mean change Difference in mean 
change between 
groups (95% CI)

P value

NDI 33.2 24.3  − 8.9 36.1 26.0  − 10.1 1.3 (− 2.2 to 4.7) 0.48
EQ-5D 0.48 0.62 0.13 0.41 0.58 0.17  − 0.04 (− 0.11 to 

0.04)
0.37

EMS 14.5 15.2 0.7 12.7 14.0 1.3  − 0.6 (− 1.1 to − 0.1) 0.02
Neck pain NRS 4.5 2.9  − 1.6 4.6 2.5  − 2.1 0.5 (− 0.2 to 1.2) 0.18
Arm pain NRS 5.1 3.5  − 1.5 5.0 3.2  − 1.8 0.5 (− 0.5 to 1.1) 0.44
Headache NRS 3.1 2.1  − 1.0 3.2 2.0  − 1.1 0.2 (− 0.6 to 0.9) 0.64
Mixed linear model analyses (N = 651)

Age 50 – 70 years, N = 474 Age ≥ 70 years, N = 177
Variable Baseline 1 year Mean change Baseline 1 year Mean change Difference in mean 

change between 
groups (95% CI)

P value

NDI 33.3 24.3  − 8.2 36.3 26.7  − 9.6 1.4 (− 2.0 to 4.8) 0.42
EQ-5D 0.47 0.61 0.14 0.39 0.57 0.17 0.03 (− 0.1 to 0.03) 0.32
EMS 14.4 15.1 0.7 12.7 13.9 1.3  − 0.6 (− 1.0 to − 0.2) 0.01
Neck pain NRS 4.5 2.9  − 1.6 4.4 2.4  − 2.1 0.5 (− 0.1 to 1.1) 0.11
Arm pain NRS 5.0 3.5  − 1.5 4.8 3.1  − 1.7 0.2 (− 0.4 to 0.8) 0.56
Headache NRS 2.9 2.0  − 0.9 2.8 1.8  − 0.9 0.0 (− 0.6 to 0.6) 0.97

Patients 50 – 70 years

0% 20% 40% 60% 80% 100%

N= 291

Twelve months
Complete recovery

Much be�er

Slightly be�er

Unchanged

Slightly worse

Much worse

Worse than ever

0% 20% 40% 60% 80% 100%

N=
109

Twelve months
Complete recovery

Much be�er

Slightly be�er

Unchanged

Slightly worse

Much worse

Worse than ever

Fig. 1  Patients’ global perceived effect of surgery
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for moderate-to-severe myelopathy experienced a larger 
improvement measured in EMS than those operated for mild 
myelopathy.

When comparing the study population to the general 
population, we find that the younger study population has 
somewhat higher prevalence of DMII and chronic obstruc-
tive lung disease and somewhat lower prevalence of stroke, 
hypertension, and cancer than the general population. The 
older age cohort has somewhat higher prevalence of chronic 
obstructive lung disease and somewhat lower prevalence of 
hypertension and cancer than the general population [16]. 
The numbers and different disease categories are not directly 
comparable, so statistical analysis is not sensible, but the 
numbers indicate that the populations studied are not very 
different from the general population.

In recent years, studies on frailty have been published, 
and one can argue that frail vs. non-frail patients are a better 

comparison than young vs. old patients. Frailty is defined as 
reduced physiological reserve which means that patients are 
susceptible to sudden, disproportionate functional decline 
following stressor events [8]. Age is incorporated in many of 
the frailty assessment scales, and frailty is strongly associ-
ated with age, but should be viewed as a separate entity [4]. 
Only patients that have been operated are included in NOR-
spine. All these patients have been through preoperative 
screening, and those deemed unfit for surgery are already 
excluded. This would comprise many of the frail patients 
with cardiovascular challenges believed to be a risk factor 
for surgery. One must bear in mind that frailty is a dynamic 
entity which can both worsen and improve [17], that DCM 
patients score higher on frailty scales due to the nature 
of their diagnosis, and that improvement in DCM symp-
toms means improvement in frailty. Data from NORspine 
do not comprise frailty scales, but baseline data including 

Table 3  Surgical treatments, complications, and events

Variable Age 50–70 years Age ≥ 70 years Mean difference (95% CI) P value

Surgical approach
Anterior 265 (55.9%) 45 (25.4%) 0.04 (0.22 to 0.39)  < 0.001
Posterior 207 (43.7%) 132 (74.6%)  − 0.31 (− 0.39 to 0.23)  < 0.001
Instrumented fusion 10 (2.1%) 6 (3.4%)  − 0.01 (− 0.04 to 0.01) 0.35
Circumferential 2 (0.4%) 0 (0.0%) 0.00 (− 0.01 to 0.01) 0.39
Number of levels decompressed, median (range) 2 (1–5) 2 (1–6)
Patients with complications, no. (%) 74 (15.6%) 43 (24.3%)  − 0.09 (− 0.15 to − 0.02) 0.01
Perioperative complications, no. (%) 5 (1.1%) 5 (2.8%)  − 0.02 (− 0.04 to 0.00) 0.10
Unintentiontal durotomy 1 (0.2%) 2 (1.1%)
Nerve root injury 0 (0.0%) 0 (0.0%)
Iatrogenic spinal cord injury 1 (0.2%) 0 (0.0%)
Wrong level surgery 0 (0.0%) 0 (0.0%)
Misplacement of implant 0 (0.0%) 0 (0.0%)
Esophageal injury 0 (0.0%) 0 (0.0%)
Major blood vessel injury 0 (0.0%) 0 (0.0%)
Postoperative hematoma 0 (0.0%) 0 (0.0%)
Cardiovascular complications 0 (0.0%) 1 (0.6%)
Respiratory complications 0 (0.0%) 1 (0.6%)
Anaphylactic reaction 3 (0.6%) 0 (0.0%)
Other complications 3 (0.6%) 1 (0.6%)
Patient-reported complications within 3 months, no. (%) 72 (19.6%) 40 (27.4%)  − 0.08 (− 0.16 to 0.01) 0.05
Deep wound infection 6 (1.6%) 3 (2.1%)  − 0.04 (− 0.03 to 0.2) 0.74
Superficial wound infection 20 (5.4%) 9 (6.2%)  − 0.01 (− 0.1 to 0.04) 0.75
Urinary tract infections 16 (4.3%) 22 (15.1%)  − 0.10 (− 1.6 to − 0.1)  < 0.001
Pneumonia 5 (1.4%) 7 (4.8%)  − 0.03 (− 0.1 to − 0.001) 0.02
Pulmonary embolism 3 (0.8%) 2 (1.4%)  − 0.06 (− 0.24 to 0.13) 0.56
Deep venous thrombosis 5 (1.4%) 2 (1.4%) 0.00 (− 0.02 to 0.02) 0.99
Dysphagia total 32 (8.7%) 14 (9.6%)  − 0.01 (− 0.10 to 0.10) 0.94
Anterior approach 26 (13.0%) 9 (22.5%)  − 0.10 (− 0.22 to 0.03) 0.12
Posterior approach 5 (3.1%) 5 (4.9%)  − 0.02 (− 0.06 to 0.03) 0.47
Dysphonia 32 (8.7%) 16 (11.0%)  − 0.02 (− 0.1 to 0.03) 0.43
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comorbidity and ASA grade do not imply less frailty in 
the elderly group, so this does not weaken our results or 
conclusion.

Results from studies on elderly patients undergoing sur-
gery for DCM vary (Table 4). A previous study has shown 
that age is a predictor of less favorable outcomes after sur-
gery for DCM [38]. This contrasts to our study that dem-
onstrated improvement, also in patients in the age group 
70 years or older. They discuss whether this is due to age-
related changes in the spinal cord, general degeneration 
associated with normal aging, and comorbidity. Results from 
the AOSpine CSM study show that elderly patients experi-
ence improvement, but not to the same extent as patients 
aged < 70, and that they have a similar complication rate 
as younger patients [37]. Similar improvement in PROMs 
were also observed in a recent study comparing different 
age groups [5].

In our study, the surgeons decided upon surgical approach 
based on patient factors, clinical symptoms and findings, 
and radiographic imaging. Elderly patients were more likely 
to undergo posterior decompression (Table 2). It would be 
interesting to compare the effectiveness of different surgi-
cal treatments, but this was beyond the scope of our study. 
The authors of a recent RCT comparing ventral vs. dorsal 
surgery for DCM concluded that there were no significant 
differences in outcomes, but more complications in the ven-
tral surgery group [12] mainly due to dysphagia. We found 
similar incidence rates for dysphagia in both the younger 
and older age cohorts. The proportion of dysphagia was 
a bit higher among elderly patients operated via anterior 
approach, but this did not reach statistical significance. 
Interestingly, some patients that were operated via posterior 
approach also reported dysphagia at 3 months after surgery. 
This suggests that other factors than manipulation with the 
esophagus during surgery might play a role in the develop-
ment of dysphagia.

Total complications were higher in the older age cohort 
mainly due to urinary and respiratory tract infections within 
3 months. This is in line with previous reports on the out-
comes of degenerative lumbar spine surgery [11, 22] and the 
recent AOSpine article on surgery for DCM in the elderly 
[37]. Life-threatening complications were fortunately rare 
for both age cohorts.

On average, patients aged ≥ 70 years had 0.5 days longer 
hospital stays than those in the 50–70 age group. The rea-
sons are probably multifactorial and might include the pos-
sibility that fewer patients in the old age group had a life 
partner or spouse, differences in comorbidity, or different 
routines for postoperative mobilization, pain management, 
and hospital discharge. In addition, there were more poste-
rior surgical approaches in the older cohort that probably 

reflect that degeneration of the spine increases with age and 
may imply more postoperative pain.

DCM is a frequently encountered diagnosis in spine sur-
gery practice, but the time from symptom debut to surgical 
assessment is often long. One of the risk factors for poor 
surgical outcome is long duration of symptoms [38]. In 
one study, the mean time from symptom debut to diagnosis 
exceeded 2 years [2]. Approximately 20% of our patients 
had duration of symptoms more than 1 year. Patients should 
be identified and promptly referred for MRI and to a spine 
specialist for surgical assessment. Delayed diagnosis can 
lead to neurological deterioration and unnecessary residual 
symptoms because of delayed surgery [32].

Strengths and limitations

The pragmatic study design based on prospective registry 
data in an everyday clinical setting with a large study popu-
lation ensures high external validity. Another strength is the 
wide range of patient-reported outcome measures. However, 
the two age cohorts were not balanced for all baseline and 
treatment factors, as cervical spine degeneration and comor-
bidity increase with age, and confounding factors were not 
explored. The main limitation was the loss to follow-up of 
19%. However, a previous study from the NORspine registry 
found no differences in outcomes between responders and 
non-responders [31]. Another limitation is that patients in 
the older age cohort are carefully selected for surgery and 
might not be representative of the total population of elderly 
DCM patients. NORspine only includes patients that actu-
ally undergo surgery, and unfortunately, we do not have any 
information about patients ineligible for surgical treatment 
due to frailty and comorbidity. Patient characteristics, indi-
cations, and surgical strategies may vary between institu-
tions and countries, and results from our study might differ 
from other countries and clinical settings.

Conclusions

Patient-reported outcomes following surgery for DCM 
showed that patients aged ≥ 70 years experienced simi-
lar improvements when compared to younger patients 
(50–70 years). Hospital stays were slightly longer for those 
in the elderly age group, but there were no relevant differ-
ences in perioperative complications between the two age 
groups. Patients who were ≥ 70 years of age were more 
likely to report minor complications within 3 months. Thus, 
age alone should not be a general contraindication for surgi-
cal treatment of DCM.
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Comments Johansen et  al. presented an interesting Norwegian 
registry-based observational study on surgery for degenerative cervical 
myelopathy in the elderly. Surprisingly, the results of the younger and 
older age group are comparable although with age degenerative changes 
are more advanced and frequent. This speaks even more for the fact that 
also and especially elderly patients can highly benefit from operative 
treatment.The authors have well discussed the limitations of their study. 
Although not all of them, most of the interventions for the treatment of 
degenerative diseases of the cervical spine were registered. However, 
possible complications after a period of half a year were not recorded. 
Here, for example, the frequency of adjacent segment degeneration, 
instability and reoperations would have been of interest. In addition, 
it would be interesting to know whether the results last in the long-
term course and whether there would be differences between the age 
groups in this regard. The fact that complications such as urinary and 
respiratory tract infections are more common in the older age group 
seems to speak for a disposition of and higher risk for older patients. 
But also, many other factors such as comorbidities and duration as well 
as extent of symptoms and degree of myelopathy can play an important 
role. I completely agree with the authors of this article that old age per 
se should not be a contraindication to surgery for degenerative spine 
diseases. Since the life expectancy and number of elderly people are 
constantly increasing, close cooperation with colleagues from other 
disciplines such as gerontologists who care especially for elderly 
patients and their concomitant diseases is helpful and to be strived for. 
Due to the expected further demographic development with more and 
more elderly patients and since they present a distinct patient group 
with special requirements, it would even probably be suggested in the 
future to create a new kind of specialization in the sense of a geriatric 
neurosurgeon or spine specialist for patients with advanced age. I have 
read the article with great curiosity and congratulate the authors on 
their important contribution to spinal treatment of elderly patients.
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