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OBJECTIVE Anterior cervical discectomy and fusion (ACDF) is often described as the gold standard surgical technique 
for cervical spondylotic radiculopathy. Although outcomes are considered favorable, there is little prognostic evidence 
to guide patient selection for ACDF. This study aimed to 1) describe the 24-month postoperative trajectories of arm pain, 
neck pain, and pain-related disability; and 2) identify perioperative prognostic factors that predict trajectories represent-
ing poor clinical outcomes.
METHODS In this retrospective cohort study, patients with cervical spondylotic radiculopathy who underwent ACDF at 
1 of 12 orthopedic or neurological surgery centers were recruited. Potential outcome predictors included demographic, 
health, clinical, and surgery-related prognostic factors. Surgical outcomes were classified by trajectories of arm pain 

J Neurosurg Spine Volume 38 • January 202356

Unauthenticated | Downloaded 01/03/23 02:02 PM UTC



J Neurosurg Spine Volume 38 • January 2023 57

Hébert et al.

Neck pain is a leading source of disability world-
wide.1 Cervical spondylotic radiculopathy is a 
common neck disorder caused by spinal degen-

eration and compression of the cervical nerve roots.2 Pa-
tients with cervical spondylotic radiculopathy who do not 
respond to conservative therapies may require surgical 
nerve root decompression. Anterior cervical discectomy 
and fusion (ACDF) is often described as the gold standard 
surgical technique for cervical radiculopathy.3 Although 
the results of ACDF are considered favorable, the variabil-
ity in outcomes and occurrence of adverse events under-
scores the importance of appropriate patient selection.4,5 
Prognostic factors provide important context to the pro-
cess of clinical decision-making.6 However, there is little 
prognostic evidence to guide patient selection for ACDF.

The few prognostic studies to date have reported in-
consistent and conflicting findings. For example, greater 
baseline pain and disability have been reported to predict 
a better7,8 and a worse9,10 outcome with ACDF. Similarly, 
older age was a predictor of either better10 or worse11,12 
outcome. Although education,10 workers’ compensation, 
weak narcotic use, and sensory function7 have been re-
ported to predict outcomes, other studies have reported no 
associations with these factors.8,11–13 The inconsistent find-
ings to date may be due to limitations such as small sam-
ple sizes8–10,13 and an emphasis on multivariable models 
that do not demonstrate the potential value of individual 
prognostic factors.7,8 To date, prognostic studies have mea-
sured the average outcome of the total sample at a single 
point in time, an approach that is likely to conflict with the 
perspectives of patients and clinicians who consider the 
evolving course of symptoms.14

Given the current lack of prognostic evidence, identifi-
cation of prognostic factors for ACDF outcome is essen-
tial to inform clinical practice and future risk prediction 
and clinical studies. Therefore, this exploratory prognostic 
study aimed to describe the clinical outcome trajectories 
and investigate the perioperative factors associated with 
clinical outcomes following ACDF for cervical spondylot-
ic radiculopathy. Specifically, the first study objective was 

to describe the postoperative trajectories of arm pain, neck 
pain, and pain-related disability. The second study objec-
tive was to identify perioperative prognostic factors that 
predict trajectories representing poor clinical outcomes.

Methods
Study Design and Participants

This was a retrospective cohort study including pa-
tients enrolled in the Canadian Spine Outcomes and Re-
search Network (CSORN). The CSORN is a multicenter 
initiative of orthopedic and neurological spine surgeons 
that comprises a registry of clinical outcomes for patients 
undergoing spine surgery. Patients were enrolled prior to 
surgery and outcomes were measured at the preoperative 
baseline and at 3, 12, and 24 months after surgery.

We included data from all patients who underwent 
ACDF for cervical radiculopathy resulting from degen-
erative spinal pathology. We excluded patients diagnosed 
with myelopathy, including those diagnosed with concom-
itant radiculopathy and myelopathy, as well as patients 
with nondegenerative pathology (e.g., fracture, infec-
tion, tumor) or with a previous cervical spine fusion. The 
CSORN project was approved by research ethics boards 
local to each data collection site. The research ethics 
boards at the Horizon Health Network and the University 
of New Brunswick approved the current study protocol. 
All patients provided written informed consent to partici-
pate before study enrollment. 

Potential Predictors of Outcome
Patients completed a preoperative assessment, includ-

ing standardized forms and questionnaires to collect dem-
ographic, health-related, and clinical information. Medi-
cal staff collected additional clinical (e.g., adverse events) 
and surgery-related data. All data were contemporane-
ously entered into the CSORN surgical registry.

Demographic and Health-Related Prognostic Factors
Patients reported their age, sex, height, and weight at 

intensity, neck pain intensity (numeric pain rating scales), and pain-related disability (Neck Disability Index) from before 
surgery to 24 months postsurgery. Trajectories of postoperative pain and disability were estimated with latent class 
growth analysis, and prognostic factors associated with poor outcome trajectory were identified with robust Poisson 
models.
RESULTS The authors included data from 352 patients (mean age 50.9 [SD 9.5] years; 43.8% female). The models 
estimated that 15.5%–23.5% of patients followed a trajectory consistent with a poor clinical outcome. Lower physical and 
mental health–related quality of life, moderate to severe risk of depression, and longer surgical wait time and procedure 
time predicted poor postoperative trajectories for all outcomes. Receiving compensation and smoking additionally pre-
dicted a poor neck pain outcome. Regular exercise, physiotherapy, and spinal injections before surgery were associated 
with a lower risk of poor disability outcome. Patients who used daily opioids, those with worse general health, or those 
who reported predominant neck pain or a history of depression were at greater risk of poor disability outcome.
CONCLUSIONS Patients who undergo ACDF for cervical spondylotic radiculopathy experience heterogeneous post-
operative trajectories of pain and disability, with 15.5%–23.5% of patients experiencing poor outcomes. Demographic, 
health, clinical, and surgery-related prognostic factors can predict ACDF outcomes. This information may further assist 
surgeons with patient selection and with setting realistic expectations. Future studies are needed to replicate and vali-
date these findings prior to confident clinical implementation.
https://thejns.org/doi/abs/10.3171/2022.7.SPINE22592
KEYWORDS prognosis; neck; cervical; spinal fusion; trajectory; pain; disability

Unauthenticated | Downloaded 01/03/23 02:02 PM UTC



Hébert et al.

J Neurosurg Spine Volume 38 • January 202358

baseline. Body mass index was calculated as weight 
(kg)/height (m)2. We defined compensation status as pre-
operative participation in legal consultation, workers’ 
compensation, or other insurance claim related to the 
patient’s spinal complaint. Patients were considered to 
participate in regular exercise when they reported ≥ 20 
minutes of nonstop activity such as swimming, jogging, 
rapid walking, or resistance training, ≥ 2 times per week. 
Current smoking was self-reported.

Health-related quality of life (HRQOL) was quantified 
with the Medical Outcomes Study’s 12-Item Short Form 
Health Survey version 2 (SF-12v2). Survey answers are 
divided into physical and mental component subscales, 
which are purported to be reliable and valid for people 
living with noncancer pain.15

Clinical Prognostic Factors
Patients reported their history of preoperative treat-

ments for their presenting complaint, including medica-
tions, therapeutic spinal injections (with or without im-
aging guidance), and treatment by a physiotherapist or 
chiropractor. Frequency of medication use was classified 
as intermittent or daily, except for antidepressants because 
so few patients reported intermittent use. Clinical staff 
from each center collected additional clinical details from 
patients, including their history of depression, the duration 
of the presenting complaint, and sensory or motor deficits 
related to their spine problem.

Overall preoperative health was categorized using the 
American Society of Anesthesiologists (ASA) physical 
status classification.16 The ASA scores range from I (nor-
mal healthy patient) to VI (patient declared brain dead, or-
gans are being removed for donor purposes) and are used 
to predict preoperative health risk.17,18 Patients were cat-
egorized as having normal to mild systemic disease (ASA 
score I–II) or severe systemic disease or worse health sta-
tus (ASA score ≥ III).

We screened for depression risk with the Patient Health 
Questionnaire–8 (PHQ-8). The PHQ-8 is a valid measure 
of depression19 and appropriate for use with patients un-
dergoing spine surgery.20,21 Scores ≥ 10 indicate moderate 
to severe risk of depression, a cutpoint with 88% sensitiv-
ity and 88% specificity for major depression.22

We calculated the ratio of arm pain intensity to neck 
pain intensity (arm pain/neck pain); a similar leg pain/arm 
pain ratio is associated with outcomes for lumbar discec-
tomy.23 We categorized patients with a ratio < 1 as experi-
encing predominant neck pain.

Surgery-Related Prognostic Factors
Surgical wait time was measured as the period from 

the first surgical evaluation to the date of surgery. The at-
tending spine surgeon and medical staff recorded surgi-
cal details including the number of operative spinal levels, 
total time to complete the surgery, and the occurrence of 
intraoperative or postoperative adverse events.

Clinical Outcomes
Pain and disability outcomes were collected at the 

preoperative baseline and at 3, 12, and 24 months after 

surgery. Arm and neck pain intensity over the preceding 
24 hours were measured with separate 0- to 10-point (0, 
no pain; 10, worst pain imaginable) numeric pain rating 
scales (NRSs).24 The NRS has excellent test–retest reli-
ability and responsiveness.25,26

We quantified disability related to arm and neck pain 
with the neck disability questionnaire.27 Patients rated the 
difficulty of performing 10 activities of daily living. To-
tal scores ranged from 0 to 100 points, with higher values 
indicating greater disability. The Neck Disability Index 
(NDI) has adequate test–retest reliability and responsive-
ness.28,29

Data Analysis
Surgical Outcome Trajectories

We modeled trajectories of arm pain, neck pain, and 
disability from the preoperative baseline to 24 postop-
erative months, with separate latent class growth models 
applying a censored normal distribution. This is a special-
ized application of finite mixture modeling used to iden-
tify meaningful trajectory subgroups when outcomes are 
heterogeneous.14,30

We included data from patients with outcomes mea-
sured at ≥ 2 time points. The models handled missing out-
come data with maximum likelihood estimation, resulting 
in asymptotically unbiased parameter estimates when data 
are missing at random.14 Because patients can primarily 
experience either arm or neck symptoms, we excluded 
data from patients with minimal (i.e., < 3/10) arm pain 
(for the arm pain model) or neck pain (for the neck pain 
model) scores at baseline. Similarly, when modeling neck 
pain–related disability, we excluded data from patients 
with preoperative NDI scores < 21 (i.e., minimal disabil-
ity).

We first constructed a single-class model and then 
increased the number of latent classes and the complex-
ity of the polynomial distributions until optimal models 
were identified. We used several criteria to define optimal 
model fit, because decision-making should not hinge on 
a single metric.14 Initial decisions were made using the 
Bayesian information criterion and judgment to identify 
clinically meaningful subgroups. We also considered 4 
a priori diagnostic criteria: 1) a minimum average poste-
rior probability of group membership ≥ 0.7; 2) minimum 
odds of correct classification > 5; 3) precision of confi-
dence intervals around estimates of group membership 
probabilities; and 4) close correspondence between the 
estimated group membership probability and the propor-
tion of participants assigned to each group based on the 
posterior probability.14,30 The subgroups identified by the 
model were assigned descriptive labels based on clinical 
judgment.

We investigated the construct validity of the trajec-
tory results descriptively and calculated the proportion of 
patients meeting clinical benchmarks for minimum im-
portant improvement and success. There is no consensus 
on minimum important change in pain and disability or 
clinical success in patients undergoing ACDF. Therefore, 
we applied cutpoints of 30% improvement for minimum 
important change for pain and disability outcomes31,32 and 
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50% improvement for clinical success for the disability 
outcome,33 based on prior evidence for patients with lum-
bar spine disorders. Differences between trajectory sub-
groups in the proportion of patients meeting each clinical 
benchmark were examined with Fisher’s exact test.

Prognostic Factors
We explored for associations between the potential 

prognostic factors and a binary dependent variable with 
robust Poisson models. This approach avoids the infla-
tion of odds ratios from logistic regression,34 and yields 
unbiased estimates of risk with frequently occurring out-
comes.35 The binary dependent variable was poor surgical 
outcome trajectory, which was constructed by collapsing 
the excellent and good trajectory subgroups for neck and 
arm pain models or the excellent and fair trajectory groups 
for the disability model.

Because the aims of this exploratory prognostic study 
concern description (outcome trajectories) and prediction 
(prognostic factor identification), and not causal inference, 
we did not adjust the models for potential confounding 
variables.36 We confirmed linearity between continuous 
prognostic factors and the probability of poor outcome 
graphically and with Box-Tidwell models.37 We investi-
gated the potential for clustering attributable to individual 
surgeons by adding a surgeon identifier as a random ef-
fect. Given that there were no appreciable differences be-
tween mixed- and fixed-effects model results, we reported 
the simpler (fixed-effects) strategy. Model results were re-
ported with risk ratios and 95% confidence intervals. All 
analyses were performed with Stata 15.1 software (Stata-
Corp).

Results
We considered data from 388 patients and included 352 

patients (43.8% female) who enrolled in the CSORN reg-
istry at 1 of 12 surgical spine centers between 2015 and 

2018. In total, 342 patients contributed to the arm pain 
trajectory model, 334 to the neck pain model, and 329 to 
the disability model (Fig. 1). Preoperative demographic, 
health, and clinical information as well as surgical details 
are reported in Table 1.

Clinical Outcome Trajectories
All models identified 3 distinct outcome trajectory 

subgroups (Fig. 2). Depending on the outcome measure, 
between 22.8% and 23.1% of patients reported outcome 
data at 2 time points, 29.2%–30.2% at 3 time points, and 
46.7%–48.0% at all 4 time points. The arm pain model 
showed that 23.5% of patients followed a poor outcome 
trajectory, whereas 52.0% and 24.5% of patients were 
classified as experiencing a good or excellent outcome, 
respectively. Similarly, the neck pain model classified 
23.2% of patients as having a poor outcome, whereas most 
patients were classified as members of the good (63.1%) 
or excellent (13.7%) trajectory subgroups. Patients in the 
neck pain–related disability trajectory subgroups were la-
beled as members of an excellent (45.3%), fair (39.2%), or 
poor (15.5%) trajectory subgroup.

The mean outcome scores for all trajectory subgroups 
are reported in Table 2. The proportion of patients meet-
ing each clinical benchmark are reported in Table 3; all 
between-subgroup outcome differences were statistically 
significant (p < 0.001). The latent class growth models met 
all diagnostic criteria except for the odds of correct clas-
sification for the good outcome subgroup from the neck 
pain model (4.30), which was less than the recommended 
level of 5.00 (Table 4).

Perioperative Prognostic Factors Associated With 
Surgical Outcomes

We identified 14 demographic/health, clinical, and sur-
gical prognostic factors that predicted postoperative out-
comes (Fig. 3).

Demographic and Health-Related Prognostic Factors
Preoperative HRQOL predicted all 3 clinical out-

comes. Higher SF-12v2 physical component summary 
scores were associated with reduced risks of poor out-
come for arm pain (per 1 SD change: RR 0.80 [95% CI 
0.65–0.99]); neck pain (per 1 SD change: RR 0.74 [95% 
CI 0.58–0.93]); and disability (per 1 SD change: RR 0.40 
[95% CI 0.30–0.53]). Similarly, higher SF-12v2 mental 
component summary scores were associated with reduced 
risk of poor outcome for arm pain (per 1 SD change: RR 
0.73 [95% CI 0.59–0.89]); neck pain (per 1 SD change: RR 
0.67 [95% CI 0.53–0.84]); and disability (per 1 SD change: 
RR 0.47 [95% CI 0.36–0.62]).

Patients involved in legal consultation, workers’ com-
pensation, or other insurance claims before surgery were 
more likely to experience a poor neck pain outcome 
(26.8% vs 17.1%: RR 1.56 [95% CI 1.00–2.44]), as were 
patients who smoked (32.0% vs 18.3%: RR 1.75 [95% 
CI 1.15–2.66]). Patients who engaged in regular exer-
cise before surgery were less likely to experience a poor 
outcome for disability (9.1% vs 20.8%: RR 0.44 [95% CI 
0.24–0.79]).

FIG. 1. Study flow diagram. *Patients were included in ≥ 1 outcome 
model.
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Clinical Predictors
Depression risk predicted all clinical outcomes. Mod-

erate to severe depression risk was associated with greater 
risk of poor outcome for arm pain (28.7% vs 16.0%: RR 
1.80 [95% CI 1.18–2.74]); neck pain (29.4% vs 12.8%: RR 
2.29 [95% CI 1.43–3.66]); and disability (26.4% vs 2.1%: 
RR 12.84 [95% CI 4.07–40.44]). Self-reported depression 
was associated with an increased risk of poor disability 
outcome (40.7% vs 13.5%: RR 3.03 [95% CI 1.76–5.21]), 
but not arm or neck pain outcomes, although the latter re-
sult was borderline (35.7% vs 20.8%: RR 1.72 [95% CI 
1.00–2.97]).

Patients with greater neck pain than arm pain intensity 
were more likely to experience a poor disability outcome 
(24.1% vs 12.4%: RR 1.95 [95% CI 1.18–3.22]), as were 
patients with ASA scores > II (28.9% vs 12.8%: RR 2.26 
[95% CI 1.33–3.83]) and patients who used opioids daily 
(25.0% vs 12.2%: RR 2.05 [95% CI 1.18–3.56]). Converse-
ly, patients receiving preoperative physiotherapy (10.5% 
vs 20.5%: RR 0.51 [95% CI 0.30–0.88]) and spinal injec-
tions (8.5% vs 17.9%: RR 0.48 [95% CI 0.23–0.98]) were 
less likely to experience a poor disability outcome.

Surgery-Related Predictors
Surgical wait time and procedure time were associated 

with all outcomes. Patients with longer wait times for sur-
gery were more likely to experience poor outcomes for 
arm pain (per 180 days: RR 1.31 [95% CI 1.05–1.63]); 
neck pain (per 180 days: RR 1.54 [95% CI 1.22–1.94]); 
and disability (per 180 days: RR 1.64 [95% CI 1.20–
2.24]). Similarly, patients who experienced longer proce-
dure times were more likely to experience poor outcomes 
for arm pain (per 30 minutes: 1.07 [95% CI 1.03–1.10]); 
neck pain (per 30 minutes: RR 1.08 [95% CI 1.04–1.11]); 
and disability (per 30 minutes: RR 1.08 [95% CI 1.05–
1.12]). All other demographic, health, clinical, and surgi-
cal prognostic factors were not associated with clinical 
outcomes.

Discussion
Patients who undergo ACDF for degenerative spondy-

lotic radiculopathy experience heterogeneous courses of 
postoperative pain and disability. Although most patients 
in this study followed a favorable 24-month outcome 
trajectory, 15.5%–23.5% of patients experienced little to 
no improvement in arm pain, neck pain, or pain-related 
disability. Differences in the proportion of patients who 
met clinical benchmarks for minimally important change 
and clinical success supported the construct validity of 
the trajectory subgroups. We identified 14 demographic, 
health-related, clinical, and surgery-related prognostic 
factors that predicted trajectory group membership. Low-
er physical and mental HRQOL, moderate to severe risk 
of depression, and longer surgical wait time and procedure 
time predicted poor postoperative trajectories for all out-
comes. Receiving compensation and smoking additional-
ly predicted a poor neck pain outcome. Regular exercise, 
physiotherapy, and spinal injections before surgery were 
associated with a lower risk of poor disability outcome. 
Patients who used daily opioids, those with worse general 

TABLE 1. Descriptive preoperative characteristics and surgical 
details in 352 patients who underwent ACDF for spondylotic 
radiculopathy

Variable Sample Size Value

Age, yrs 352 50.9 ± 9.5
Female sex 352 154 (43.8%)
Education 346
 High school degree or less 123 (35.6%)
 Technical/associate’s degree 81 (23.4%)
 Undergraduate/graduate degree 142 (41.0%)
Compensation 323 99 (30.7%)
Regular exercise 339 161 (47.5%)
Body mass index categories 343
 Normal weight 76 (22.2%)
 Overweight 132 (38.5%)
 Obese 135 (39.4%)
Current smoking 343 77 (22.5%)
Physical HRQOL 337 34.1 ± 8.5
Mental HRQOL 337 41.8 ± 11.5
Comorbid depression 340 28 (8.2%)
Moderate to severe depression 
risk

351 183 (52.1%)

Predominant neck pain 352 90 (25.6%)
Complaint duration 351
 ≤1 yr 106 (30.2%)
 >1–2 yrs 80 (22.8%)
 >2 yrs 165 (47.0%)
Neurological deficit 351
 Sensory only 73 (20.8%)
 Motor w/ or w/o sensory 135 (38.5%)
ASA score >II 349 58 (16.6%)
Chiropractic 352 96 (27.3%)
Physiotherapy 351 173 (49.3%)
Spinal injection 341 99 (29.0%)
Medication, opioids 343
 Intermittent 74 (21.6%)
 Daily 96 (28.0%)
Medication, anticonvulsants 340
 Intermittent 36 (10.6%)
 Daily 134 (39.4%)
Medication, antidepressant 336 81 (24.1%)
Surgery wait time, days 348 81.2 ± 102.3
No. of spinal levels treated 352
 1 level 223 (63.4%)
 2 levels 98 (27.8%)
 ≥3 levels 31 (8.8%)
Procedure time, mins 321 134.8 ± 72.5
Adverse event 350 40 (11.4%)

Values are expressed as number (%) or mean ± SD.
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health, and those who reported predominant neck pain or a 
history of depression were at greater risk of poor disability 
outcome.

Clinical Implications
The characteristics and prevalence of these pain and 

disability trajectories demonstrate the outcomes that can 
be expected following ACDF, and this information may 
assist patients with setting appropriate expectations for re-
covery. Prognostic factors require replication and valida-
tion prior to confident clinical implementation; however, 
given the current lack of prognostic evidence, surgeons 
may wish to consider these prognostic factors when as-
sessing potential candidates for ACDF.

Although data for many of these factors are routinely 
collected, the measurement of some factors may require 
a change in practice. For example, we found moderate to 
severe depression risk measured with the PHQ-8 to be a 
more consistent and stronger outcome predictor than self-
reported depression. Although we identified 52.1% of pa-
tients at moderate to high risk of depression, only 8.2% 
of patients reported an existing depression diagnosis. This 
may indicate a lack of diagnosis or personal awareness 

about depression or a reluctance to disclose a diagnosis of 
comorbid depression. Therefore, clinicians may gain more 
clinical utility with the routine measurement of depression 
risk than they would by relying on patients to report a pre-
vious diagnosis of depression.

Research Implications
These study results can inform future prognostic and 

intervention studies. These factors can serve as candidate 
predictors in future studies that develop and test multivari-
able risk prediction models. Additionally, the prognostic 
factors identified in the current study can help identify 
prognostic balance in future observational studies and 
clinical trials.6 Beyond their prognostic value, future stud-
ies may also investigate these factors as potential causal 
determinants of outcome. Such studies could use causal 
inference methods with observational data or randomized 
trials. For example, we found that moderate to severe risk 
of depression predicted a poor outcome for pain and dis-
ability. An appropriately designed study applying causal 
inference methods (e.g., directed acyclic graphs, target tri-
al framework) could distinguish whether depression risk is 
a predictor or a determinant (i.e., cause) of outcome. Fur-

FIG. 2. Clinical outcome trajectories for arm pain intensity (A), neck pain intensity (B), and neck pain–related disability (C) with 
prevalence estimates. Point estimates are average outcome scores. Shaded areas represent 95% CIs. Figure is available in color 
online only.

TABLE 2. Descriptive clinical outcomes stratified by trajectory group in patients who underwent 
ACDF for spondylotic radiculopathy

Preop 3 Mos 12 Mos 24 Mos

Arm pain trajectory groups (0–10 arm NRS score)
 1, excellent 7.1 ± 1.9 0.2 ± 0.6 0.3 ± 0.6 0.3 ± 0.6
 2, good–gradual 6.8 ± 1.9 2.3 ± 1.5 2.2 ± 1.7 2.5 ± 1.9
 3, poor 8.0 ± 1.4 5.9 ± 1.9 6.0 ± 1.8 6.5 ± 1.9
Neck pain trajectory groups (0–10 neck NRS score)
 1, excellent 7.0 ± 1.9 0.9 ± 1.1 0.0 ± 0.2 0.0 ± 0.0
 2, good 6.7 ± 1.8 2.7 ± 1.6 2.4 ± 1.5 2.6 ± 1.9
 3, poor 7.9 ± 1.5 5.9 ± 1.7 5.7 ± 1.9 6.0 ± 2.1
Disability trajectory groups (0–100 NDI score)
 1, excellent 40.6 ± 12.7 18.4 ± 12.7 10.2 ± 7.8 8.7 ± 7.3
 2, fair 49.4 ± 11.0 35.1 ± 11.0 28.7 ± 10.7 34.2 ± 11.2
 3, poor 62.9 ± 10.1 56.7 ± 11.1 55.0 ± 10.7 54.5 ± 8.7

Values are expressed as the mean ± SD.
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thermore, a randomized or target trial could test the effec-
tiveness of intervening on depression risk and the impact 
on surgical outcome.

Strengths and Limitations
The primary strengths of this study include the rela-

tively large sample of patients from 12 surgical spine 
centers and the implementation of standardized outcome 
assessment over 24 months of follow-up. Whereas tradi-
tional outcome assessment considers the group-averaged 
score at a single point in time, our models applied a per-
son-centered approach to identify the courses of pain and 
disability from before surgery to 24 months after surgery, 
a perspective that is likely to accord with clinicians’ and 
patients’ conceptualization of outcome.14

Although 8 of 9 trajectory subgroups met all model di-
agnostic criteria, patients assigned to the good neck pain 
outcome trajectory had odds of correct classification that 

were lower than the recommended threshold (4.30 vs 5.00). 
This indicates greater uncertainty around the assignment 
of patients to this subgroup. Although our trajectory model 
estimated missing outcome data, we did not estimate or 
impute missing values for prognostic factors due to early 
differences in the implementation of CSORN procedures. 
However, the prevalence of missing baseline data was low 
(< 5%) for the large majority of prognostic factors, and it is 
unlikely that the mechanism and amount of missing data 
significantly impacted the model outcomes. Finally, we 
relied on self-reported information for some prognostic 
factors (e.g., physical activity behavior, medication use), 
which is a potential source of bias.

Conclusions
In this exploratory prognostic study, we defined the 

different 24-month pain and disability trajectories expe-

TABLE 3. Proportion of patients meeting 12- and 24-month clinical outcome benchmarks, stratified 
by trajectory group

Arm Pain MIC* Neck Pain MIC† NDI MIC‡ NDI Success§

12-mo outcomes
 Arm pain trajectory groups
  Excellent 100.0% 95.2% 95.2% 85.5%
  Good 86.0% 82.4% 69.3% 52.6%
  Poor 41.4% 56.9% 38.6% 21.1%
 Neck pain trajectory groups
  Excellent 94.3% 100.0% 94.1% 94.1%
  Good 84.1% 85.8% 75.2% 57.1%
  Poor 55.6% 47.3% 32.1% 14.3%
 Disability trajectory groups
  Excellent 92.3% 93.1% 94.0% 82.9%
  Fair 76.6% 71.3% 63.4% 39.8%
  Poor 50.0% 54.1% 10.8% 0.0%
24-mo outcomes
 Arm pain trajectory groups
  Excellent 100.0% 90.2% 90.4% 84.6%
  Good 83.2% 75.5% 66.3% 51.6%
  Poor 33.3% 54.8% 26.8% 17.1%
 Neck pain trajectory groups
  Excellent 91.7% 100.0% 95.8% 95.8%
  Good 85.5% 83.6% 74.4% 62.4%
  Poor 41.5% 39.0% 22.0% 4.9%
 Disability trajectory groups
  Excellent 91.2% 93.3% 95.7% 90.2%
  Fair 66.7% 56.5% 42.7% 22.1%
  Poor 50.0% 54.6% 9.1% 4.6%

MIC = minimum important change. 
All differences in the proportion of patients meeting each of the clinical benchmarks were statistically significant (p < 
0.001).
* Set at ≥ 30% reduction in NRS score for arm pain. 
† Set at ≥ 30% reduction in NRS score for neck pain. 
‡ Set at ≥ 30% reduction in NDI. 
§ Set at ≥ 50% reduction in NDI.
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TABLE 4. Latent class growth model diagnostics in patients who underwent ACDF for spondylotic 
radiculopathy

Avg Posterior 
Probability*

Odds of Correct 
Classification†

% Est  
Membership (95% CI)

Assigned 
Membership

Arm pain model (n = 342)
 1, excellent 0.81 12.96 24.5 (14.9–34.2) 24.9%
 2, good 0.86 5.68 52.0 (42.3–61.6) 52.3%
 3, poor 0.90 30.57 23.5 (17.7–29.3) 22.8%
Neck pain model (n = 334)
 1, excellent 0.83 30.36 13.7 (8.4–19.0) 12.8%
 2, good 0.88 4.30 63.1 (54.8–71.4) 65.6%
 3, poor 0.85 19.06 23.2 (15.6–30.8) 21.6%
Disability model (n = 329)
 1, excellent 0.88 8.84 45.3 (36.6–54.0) 45.9%
 2, fair 0.82 7.08 39.2 (30.8–47.6) 38.6%
 3, poor 0.87 35.70 15.5 (10.2–20.8) 15.5%

Avg = average; est = estimated. 
* Minimum threshold ≥ 0.70. 
† Minimum threshold > 5.0.

FIG. 3. Potential prognostic factors associated with poor outcomes for arm pain, neck pain, and disability. *Risk per SD. †Risk per 
180 days. ‡Risk per 30 minutes. Boldface type indicates statistical significance. MCS = SF-12 mental component summary; PCS = 
SF-12 physical component summary. Figure is available in color online only.
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rienced by patients with cervical spondylotic radiculopa-
thy who underwent ACDF. We identified 14 demographic, 
health-related, clinical, or surgery-related prognostic fac-
tors that predicted a poor outcome trajectory. The pres-
ence of some factors was associated with an increased risk 
of poor outcome, whereas other factors were associated 
with a decreased risk of poor outcome. The most con-
sistent outcome predictors were as follows: moderate to 
severe depression risk, HRQOL, surgical wait time, and 
procedure time. Understanding the different courses of 
pain and disability following ACDF can assist patients 
with appropriate expectation setting, and the prognostic 
factors identified in this study may further assist surgeons 
with patient selection. Given its potential prognostic im-
portance, surgeons should consider measuring depression 
risk in patients with cervical radiculopathy. Future studies 
are needed to replicate and validate these findings prior to 
confident clinical implementation.
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