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Background: Low back pain (LBP) is a prevalent disease and can be disabling. Currently, many patients 
with LBP with or without radiculopathy commonly undergo magnetic resonance imaging (MRI) for 
diagnosis and therapeutic assessment, yet the final intervention is mainly centered around nonoperative 
treatment. This study’s aim was to identify the predictive factors of surgical treatment and the value of MRI 
in patients with LBP with or without radiculopathy. 
Methods: The study included a training cohort that consisted of 461 patients with MRI from January 
2014 to December 2018. Demographic characteristics and MRI findings were collected from our medical 
records. We developed and validated 2 nomograms to predict the possibility of receiving surgical treatment 
in LBP patients, based on multivariable logistic regression analysis. The performance of the 2 nomograms 
was assessed in terms of their calibration, discrimination, and clinical usefulness. An independent validation 
cohort containing 163 patients was comparatively analyzed.
Results: The baseline model incorporated 6 clinicopathological variables, while the MRI model consisted of  
9 variables including several MRI findings. Internal validation revealed the good performance of the  
2 nomograms in discrimination and calibration, with a concordance index (C-index) of 0.799 (95% CI: 
0.743–0.855) for the baseline model and 0.834 (95% CI: 0.783–0.884) for the MRI model, which showed that 
the addition of MRI findings to the nomogram failed to achieve better prognostic value (Z statistic =−1.509; 
P=0.131). Application of the 2 models in the validation cohort also showed good discrimination (baseline model: 
C-index 0.75, 95% CI: 0.671–0.829; MRI model: C-index 0.777, 95% CI: 0.696–0.857) and calibration. No 
significant predictive benefit was found in the MRI model in the validation cohort (Z statistic =−0.588; P=0.557). 
Conclusions: This study showed that clinical demographic characteristics provide good prognostic value 
to determine whether LBP patients with or without radiculopathy require surgical treatment. The addition 
of MRI findings yielded no significantly incremental prognostic value.
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Introduction 

Low back pain (LBP) is one of the most common reasons 
for people visiting the clinic or being absent from work. 
It is reported that the global life disability increased by 
54% between 1990 and 2015 due to LBP (1). According 
to demographic statistics, at least 80% of the population 
experience LBP at some point in their lives. Among 
them, approximately 10% experience chronic and long-
term persistent pain, leading to deteriorative physical 
disability and low quality of life (2). Although there is a 
high prevalence of LBP, its treatment is mainly focused 
on nonsurgical intervention. For LBP patients who are 
suspected of developing vertebral body lesions or nerve root 
impairment, advanced imaging examinations such as lumbar 
radiography, computerized tomography (CT), and magnetic 
resonance imaging (MRI) are highly recommended (3), as 
they can provide detailed anatomic resolution and pathologic 
information for surgeons to make accurate diagnosis and 
treatment decisions. Nevertheless, diagnostic imaging is not 
commonly applied for LBP patients, since the main type of 
LBP is nonspecific pain and can be relieved after physical 
therapy or pharmacological treatment. Moreover, patients 
who are informed of abnormal imaging findings can easily 
develop an increased sense of dissatisfaction, which may result 
in redundant complaints and overtreatment (4). Furthermore, 
frequent radiological examinations can also incur various 
side effects, including excessive radiation exposure and 
medical consumption. This not only damages the patient’s 
physical body but also increases the socioeconomic burden 
placed upon them (5). Research has also reported that the 
vast majority of people with LBP do not display any imaging 
abnormalities in the spine, while abnormalities could occur 
in some asymptomatic people (6-8), suggesting that there 
may be no significant correlation between abnormal imaging 
findings and clinical symptoms. Therefore, routine imaging 
tests are not commonly recommended for patients with LBP. 

The application of diagnostic imaging can be understood 
in several situations, including poor improvement of 
symptoms after 6 weeks of pharmaceutical administration 
or rehabilitation exercise, or the detection of any red 
flags found in morphologic natural history or physical 
examination, such as unexplained weight loss, history of 

cancer, significant trauma, cauda equina syndrome, and 
severe neurologic compromise (9). However, retrospective 
analyses of clinical practices have revealed that excessive 
imaging examinations are often performed in LBP patients 
without the above characteristics. In addition, for some 
LBP patients with indicators, imaging abnormalities related 
to the symptoms can be identified, yet the final treatments 
are still focused on nonsurgical treatment including physical 
therapy or pharmacological treatment. Therefore, for these 
patients, imaging examinations are considered to have 
limited value because of their lack of effect in the overall 
therapeutic process (10). 

Although various guidelines have stated the clinical 
implications of image examination in a series of diseases, 
a consensus has not thus far been reached regarding the 
practicability of imaging examinations for LBP patients. 
To date, the demographic characteristics of patients whose 
imaging findings display abnormality of the lumbar area 
for whom the final treatments remain unaffected have 
not been clearly studied. An explicit understanding of the 
above population is critical for the rational application of 
lumbar imaging. The aims of this study were as follows: 
(I) to compare the clinical demographic characteristics and 
imaging findings in LBP patients with or without surgical 
therapy after imaging; (II) to create and validate 2 models 
that included clinical baseline data and MRI findings, 
respectively; and (III) to develop nomograms for surgical 
prediction. We present the following article in accordance 
with the TRIPOD reporting checklist (available at https://
dx.doi.org/10.21037/qims-21-584).

Methods 

Study design and participants

This retrospective study was conducted at the Second 
Affiliated Hospital and Yuying Children’s Hospital of 
Wenzhou Medical University. The training cohort 
comprised LBP patients (18–80 years) with or without 
radiculopathy who attended the hospital between January 
2014 and December 2018 according to the medical records. 
The exclusion criteria were as follows: (I) no imaging was 
performed during the episode of LBP, (II) the patient had 
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experienced a direct or indirect attack on the lumbar spine 
and was suspected of lumbar vertebral fracture, and (III) 
the patient underwent previous lumbar surgery and had 
residual LBP. Patients with unknown survival information 
or surgical treatment were also excluded from this study. 
In total, 461 patients were included in the training cohort. 
At the same time, an independent validation cohort 
comprising 163 patients was enrolled at the First Affiliated 
Hospital of Wenzhou Medical University based on the same 
inclusion and exclusion criteria. All included patients were 
diagnosed and treated by the experienced senior surgeons 
of spine surgery from the 2 institutions, according to the 
Diagnosis and Treatment of Low Back Pain by Chou et al. (11).  
Pharmacological and nonpharmacological therapies were 
prescribed for the initial administration of LBP, and 
MRI was applied to detect severe lumbar disorders or 
minor alleviation of back pain after a 6-week course of 
pharmacological therapy. Surgical therapies were decided 
upon both by surgeons and patients and were based on the 
patients’ clinical characteristics and MRI findings. The 
study was conducted in accordance with the Declaration of 
Helsinki (as revised in 2013). The study was approved by 
the institutional review board of our hospital and individual 

consent for this retrospective analysis was waived (Figure 1). 

Data collection and cohort definition

To evaluate the rate of receiving surgical treatment in 
LBP patients, the therapeutic processes within 1 year after 
imaging were collected and analyzed. Demographic and 
clinical data, along with MRI findings, were collected from 
the institutional picture archiving and communication system 
(PACS; Toshiba, Tokyo, Japan) medical records. Patients’ 
clinical parameters included gender, age, duration of pain, 
leg pain, restricted waist movement, lameness, restricted 
mobility, and straight leg raise test. All the participants were 
divided into surgery and no-surgery groups based on the 
final therapeutic methods. The surgery group referred to 
participants who had undergone MRI within 1 year, and the 
therapeutic processes had changed from the initial medical 
treatment or rehabilitation treatment to surgical treatment. 
The no-surgery group referred to participants who had 
persisted with pharmacotherapy or physical therapy during 
the period of LBP within 1 year after MRI. 

The 10-item Oswestry disability index (ODI) has been 
widely developed to assess pain-related disability in people 

Patients complained about low back pain, with or without 
skelagia form institution 1 between 2014 to 2018 (n=4,374)

3,913 excluded:
3,428 did not take imaging 
examination
407 suffered from violence 
injury or accidents and 
were suspicious of vertebral 
fracture
32 had lumbar spine surgeries 
before the symptoms of low 
back pain 
46 were considered of spinal 
infection

1,527 excluded:
1,340 did not take imaging 
examination
147 suffered from violence 
injury or accidents and 
were suspicious of vertebral 
fracture
17 had lumbar spine surgeries 
before the symptoms of low 
back pain 
23 were considered of spinal 
infection

Training cohort 
(n=461)

Validation cohort 
(n=163)

371 patients do not change 
treatments

90 patients change treatments
112 patients do not change 

treatments
51 patients change treatments

Patients complained about low back pain, with or without 
skelagia form institution 2 between 2014 to 2018 (n=1,690)

Figure 1 Study flow chart of participants.
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with acute, subacute, or chronic LBP (12). The ODI 
includes 1 item on pain and 9 items on activities of daily 
living, in which each item is rated with a score from 0 (high 
functioning) to 5 (low functioning) on a 6-point ordinal 
scale. The 5 levels of disability were calculated based on a 
percentage score of the ODI ranging from 0 to 100: minimal 
disability (0 to 20%), moderate disability (21% to 40%), 
severe disability (41% to 60%), house bound (61% to 80%), 
and bed bound or exaggerated symptoms (81% to 100%) (12).

The 11-point numeric rating scale (NRS) is the most 
common scale for measuring acute and chronic pain, as it 
can provide significantly discriminative power for describing 
pain intensity in LBP patients (13). In this study, both ODI 
and NRS scores were measured to describe low back and 
leg pain at the time after MRI imaging.

Furthermore, to analyze the difference of MRI findings 
in the surgery and no-surgery groups, the lumbar MRI of 
each participant was investigated and interpreted by the 
radiologists on duty at the time of the examination. In 
addition, all the imaging information was made available to 
both the physicians and patients for the following treatment 
decisions. In this study, 2 experienced radiologists who 
were blinded to the patients’ clinical information and 
treatment progresses were invited to record the altered 
morphology by using nomenclature and classification of 
lumbar disc abnormalities, according to the Lumbar Disc 
Nomenclature: Version 2.0 by Fardon et al. (14). When 
there were disagreements, another veteran radiologist was 
invited to compare the 2 disparate records and reach a 
consensus on the final interpretation.

Model design and evaluation

For the construction of clinical prediction models, clinical 
demographic characteristics and MRI findings were tested 
in univariable logistic regression models. Factors showing 
association in univariable comparisons (P<0.20) were 
included in multivariable logistic regression models for the 
further selection of final models by using a stepwise forward 
procedure. Finally, 2 multivariable logistic regression models, 
including baseline and MRI models, were developed and 
validated to predict the possibility of receiving surgical 
treatment. The baseline model included the clinical baseline 
data consisting of age, leg pain, leg weakness, lower limb 
hypoesthesia, straight leg raise test, and NRS; meanwhile, the 
MRI model included disc protrusion, nerve root impairment, 
spondylolisthesis, spinal stenosis, and compression fracture in 
combination with clinical predictor variables.

After identifying the possible predictors, we conducted 
further analyses to validate the 2 models. Receiver operating 
characteristic (ROC) curve was used to illustrate the 
diagnostic performance of the 2 models designed, and the 
areas under the curve (AUC) of the ROC in different models 
were calculated to determine whether they were significantly 
different. Calibration curves were adopted to assess the 
calibration of the 2 models, and bootstrap resampling 
was used to calculate a relatively corrected concordance 
index (C-index) (15,16). In addition, the logistic regression 
formulae developed in the training dataset were applied to all 
validation cohort participants, and the total points for each 
participant were calculated to perform the logistic regression 
analysis. Moreover, both baseline and MRI nomograms 
were constructed and verified to predict the possibility 
of receiving surgical treatments (17,18). A nomogram is 
a reliable tool and is designed to create a simple intuitive 
graph of a statistical predictive model to assess the risk of a 
given clinical event. Nomograms can provide approximate 
complicated calculation quickly without a computer or 
calculator. In this study, the predictive factors identified by 
the multivariable logistic analysis were applied to construct 
the baseline and MRI nomograms. The nomograms were 
constructed to quantify and visualize the influence of the 
different predictive factors on horizontal lines of different 
lengths, with a longer horizontal line indicating a stronger 
influence. Furthermore, a series of points were visualized on 
each horizontal line, which reflected the influence of each 
factor. By adding the points associated with each factor, we 
were able to calculate the anticipated magnitude of risk on 
the bottom of the nomograms. 

Clinical use

Decision curve analysis (DCA) is a statistical method that 
is designed to evaluate the performance of the models in 
supporting clinical decisions and to decide which can lead 
to the best decision (19). In this study, DCA was designed 
to evaluate the clinical utility of the constructed models by 
calculating the net benefits (NBs) at different risk threshold 
probabilities in each model (20). The NB is a simple 
measure for assessing the potential clinical effects of risk 
models in DCA by combining the value of false positives 
and true positives into a number that can represent the 
NBs after intervention. We introduced 2 default strategies, 
including “All” and “None”, to interpret NB properly. The 
2 default strategies represented patients who were managed 
with or without the use of a model, respectively. 
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Statistical analysis

The χ2 test or 2-tailed Fisher’s exact test was used to 
evaluate categorical variables, and the Student’s t-test (for 
normally distributed variables) or Mann-Whitney U test (for 
variables that were not normally distributed) were applied to 
analyze continuous variables. Moreover, mean and standard 
deviation were calculated to express the result of continuous 
variables. In all analyses, a P value ≤0.05 was considered 
statistically significant, and all reported P values were  

2 sided. All analyses were performed using SPSS version 
24.0 software (IBM Corp., Armonk, NY, USA) and R x64 
4.0.0 software (available at: https://www.R-project.org).

Results 

Participant demographics

From January 2014 to December 2018, 461 patients who 
underwent MRI imaging were included in the training 

Table 1 Characteristics of patients in the training and validation cohorts

Parameters

Training cohort Validation cohort

No surgery group 
(n=371)

Surgery group 
(n=90)

P valuea No surgery group 
(n=112)

Surgery group 
(n=51)

P valueb

Gender (male), n (%) 197 (53.1) 55 (61.1) 0.211 55 (49.1) 25 (49.0) 0.824

Age, mean (SD), years 49.26 (15.41) 53.70 (16.27) 0.016* 51.59 (14.83) 56.75 (16.51) 0.049*

Duration of pain, mean [IQR], weeks 8 [3–48] 16 [4–48] 0.021* 12 [5–24] 16 [4–48] 0.547

Leg pain, n (%) 188 (50.7) 69 (76.7) <0.001* 62 (55.4) 41 (80.4) 0.002*

Restricted waist movement, n (%) 26 (7.0) 26 (28.9) <0.001* 23 (20.5) 18 (35.3) 0.044*

Leg numbness, n (%) 65 (17.5) 42 (46.7) <0.001* 44 (39.3) 31 (60.8) 0.011*

Leg weakness, n (%) 9 (2.4) 14 (15.6) <0.001* 2 (1.8) 5 (9.8) 0.031*

Lower limb hypoesthesia, n (%) 7 (1.9) 10 (11.1) <0.001* 20 (17.9) 25 (49.0) <0.001*

Lameness, n (%) 12 (1.9) 9 (10.0) 0.018* 12 (10.7) 12 (23.5) 0.032*

Restricted mobility, n (%) 40 (10.8) 38 (42.2) <0.001* 20 (17.9) 16 (31.4) 0.054

Straight leg raise test, n (%) 39 (10.5) 30 (33.3) <0.001* 48 (42.9) 23 (45.1) 0.789

ODI, mean (SD) 45.65 (12.83) 55.67 (12.60) <0.001* 41.09 (9.9) 48.27 (11.82) <0.001*

NRS, mean (SD) 5.12 (0.96) 5.90 (1.32) <0.001* 4.32 (1.25) 4.78 (1.25) 0.03*

Imaging finding

Disk bulge, n (%) 113 (30.5) 12 (13.3) 0.002* 48 (42.9) 18 (35.3) 0.362

Disk protrusion, n (%) 163 (43.9) 51 (56.7) 0.04* 55 (49.1) 28 (54.9) 0.493

Disk extrusion, n (%) 31 (8.4) 16 (17.8) 0.014* 6 (5.4) 10 (19.6) 0.005*

Nerve root impairment, n (%) 30 (8.1) 24 (26.7) <0.001* 7 (6.3) 10 (19.6) 0.01*

Spondylolisthesis, n (%) 27 (7.3) 17 (18.9) 0.002* 13 (11.6) 9 (17.6) 0.295

Spinal stenosis, n (%) 29 (7.8) 26 (28.9) <0.001* 6 (5.4) 14 (27.5) <0.001*

Schmorl’s node, n (%) 29 (7.8) 3 (3.3) 0.133 7 (6.3) 5 (9.8) 0.519

Modic change, n (%) 20 (5.4) 7 (7.8) 0.539 9 (8.0) 5 (9.8) 0.766

Compression fracture, n (%) 8 (2.2) 5 (5.6) 0.164 3 (2.7) 3 (5.9) 0.378

Intraspinal tumors, n (%) 6 (1.6) 5 (5.6) 0.07 2 (1.8) 2 (3.9) 0.590
a, comparison of demographic characteristics and MRI imaging of surgery and no surgery group in the training cohort; b, comparison of 
demographic characteristics and MRI imaging of surgery and no surgery group in the validation cohort; *, P <0.05. SD, standard deviation; 
ODI, Oswestry disability index; NRS, numerical rating scale.
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cohort, and another 163 patients meeting the same 
inclusion criteria we enrolled as the external validation 
cohort. Participant demographics and MRI findings in the  
2 cohorts are described in Table 1. 

Comparison of the MRI findings in the surgery and  
no-surgery groups 

In the training cohort, the MRI findings displayed more 
significant disc protrusion and disc extrusion in the 
surgery group than in the no-surgery group (Table 1). 
Participants in the surgery group were more likely to 
have severe nerve root impairment, spondylolisthesis, 
and spinal stenosis than were those in the no-surgery 
group.  However,  severa l  imaging abnormal i t ies , 
including Schmorl’s node, Modic change, compression 
fracture, and intraspinal tumors, were no significantly 
difference between the surgery group and no-surgery 
group. Moreover, patients with nerve root impairment 
were more likely to have leg numbness (37%, P=0.01) 
and positive straight leg raise test (31.5%, P<0.001), 
but there were no differences in leg weakness (9.3%, 
P=0.23) or restricted mobility (25.9%, P=0.06). No 
association was found between the clinical symptoms and 
spondylolisthesis as indicated by imaging findings in LBP 
patients. Participants with or without spondylolisthesis 
were similar in restricted mobility and waist movement, 
straight leg raise test, leg numbness, and weakness.

Demographic characteristics and MRI findings in LBP 
patients with or without radiculopathy 

In LBP patients, radiculopathy is a secondary compression 
or impairment of the nerve root leading to paresthesia, 
weakness, or diminished deep tendon reflexes in nerve 
root distribution (11). In this study, the characteristics of 
radiculopathy included leg numbness, leg weakness, or 
lower-limb hypoesthesia. Both demographic characteristics 
and MRI findings in LBP patients with or without 
radiculopathy were analyzed and compared (Table 2). 
Our study showed that compared to patients without 
radiculopathy, LBP patients with radiculopathy in the 
training and validation cohorts had higher proportion in 
leg pain, restricted waist movement, lameness, restricted 
mobility, straight leg raise test, and ODI and NRS scores, 
indicated severe physical disability and compromised life 
quality in LBP patients with radiculopathy. The proportion 
of participants undergoing surgical treatments was 

significantly higher in patients with radiculopathy in the 
2 cohorts (P<0.001). However, when compared with MRI 
findings, only nerve root impairment and spinal stenosis 
were identified as significant difference in patients with or 
without radiculopathy. 

Prediction models development and comparison

The results of univariate logistic regression analysis are 
presented in Table 3. In multivariate logistic regression 
analysis, our study showed that in the training cohort, age 
[odds ratio (OR) =1.020; P=0.042], leg pain (OR =1.956, 
P=0.045), leg weakness (OR =3.215, P=0.023), low-limb 
hypoesthesia (OR =3.618, P=0.033), straight leg raise test 
(OR =2.248, P=0.019), and NRS (OR =1.433, P=0.022) 
were independent predictors in the multivariate baseline 
model, indicated that those factors are associated with the 
possibility of taking surgical intervention in the baseline 
model. Among them, leg weakness, low- limb hypoesthesia, 
and straight leg raise test had higher OR values and were 
positively associated with surgical intervention. When 
incorporated with MRI findings, leg weakness (OR =3.728, 
P=0.021), straight leg raise test (OR =2.18, P=0.034), 
NRS (OR =1.621, P=0.007), disc protrusion (OR =2.327, 
P=0.04) , nerve root impairment (OR =2.554, P=0.02), 
spondylolisthesis (OR =3.961, P=0.004), spinal stenosis 
(OR =2.865, P=0.009), compression fracture (OR =6.589, 
P=0.019), and intraspinal tumors (OR =16.971, P<0.001) 
were independent predictors in the multivariate MRI model. 
Among them, MRI findings including disc protrusion, 
nerve root impairment, spondylolisthesis, spinal stenosis, 
compression fracture, and intraspinal tumors had higher 
OR values, indicated those factors are positively associated 
with the possibility of taking surgical intervention in MRI 
model (Table 4). 

To further evaluate the predictive performance of the 
baseline model and the developed MRI model, ROC 
curves were plotted, and the AUC was calculated by the 
trapezoidal rule. Compared with the baseline model, the 
AUC increased from 79.9% (95% CI: 74–85%) to 83.4% 
(95% CI: 78–88%) in the MRI model in the training cohort 
(Z=−1.509; P=0.131; Figure 2A). In the validation cohort, 
the AUC increased from 75% (95% CI: 67.1–82.9%) 
to 77.7% (95% CI: 69.6–85.7%) in the MRI model  
(Z=−0.588; P=0.557; Figure 2B). Although a slightly higher 
AUC was observed in the MRI model, integration of the 
MRI findings into the prediction model did not elicit 
significantly improved prediction performance in the 
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training and the validation cohorts.

Construction and validation of nomogram

Both baseline and MRI nomogram were constructed based 
on the multivariate models in the training cohort to predict 
the possibility of receiving surgical treatments (Figure 3).  
Calibration curves demonstrated excellent coherence 
between the 2 nomogram-predicted risks and the actual 
outcome in the training and validation cohorts (Figure 4). 

Bootstrap validation method was used to analyze the internal 
validation of the 2 nomogram models. The C-indexes for the 
prediction of receiving surgical treatments were 0.799 (95% 
CI: 0.743–0.854) and 0.834 (95% CI: 0.783–0.884) in the 
baseline model and MRI model (Figure 4A,4B), respectively, 
indicating that the 2 nomograms were in good association. 
The Hosmer-Lemeshow test was used, with the results 
showing no significant difference between the baseline and 
MRI models in the training cohort (P=0.06 and P=0.93, 
respectively), which suggested that there was no departure 

Table 2 Demographic characteristics and MRI findings in LBP patients with/without radiculopathy 

Parameters

Training cohort Validation cohort

LBP  
(n=340)

LBP with  
radiculopathy (n=121)

P valuea LBP  
(n=77)

LBP with 
radiculopathy (n=86)

P valueb

Gender (male), n (%) 180 (52.9) 72 (59.5) 0.213 35 (45.5) 45 (52.3) 0.381

Age, mean (SD), years 49.37 (15.99) 52.23 (14.54) 0.085 50.35 (16.97) 55.76 (13.67) 0.026

Duration of pain, mean [IQR], weeks 8 [2–48] 12 [8–48] 0.267 12 [4–24] 12 [8–31] 0.556

Leg pain, n (%) 153 (45) 104 (86.0) <0.001* 31 (40.3) 72 (83.7) <0.001*

Restricted waist movement, n (%) 27 (7.9) 25 (20.7) <0.001* 11 (14.3) 30 (34.9) 0.002*

Lameness, n (%) 9 (2.6) 12 (9.9) 0.001* 5 (6.5) 19 (22.1) 0.005*

Restricted mobility, n (%) 37 (10.9) 41 (33.9) <0.001* 3 (3.9) 33 (38.4) <0.001*

straight leg raise test, n (%) 32 (9.4) 37 (30.6) <0.001* 20 (26.0) 51 (59.3) <0.001*

ODI, mean (SD) 44.02 (12.51) 57.69 (10.24) <0.001* 39.74 (11.24) 46.56 (9.87) <0.001*

NRS, mean (SD) 5.07 (1.014) 5.85 (1.062) <0.001* 4.26 (1.39) 4.65 (1.11) 0.048*

Imaging finding

Disk bulge, n (%) 93 (27.4) 32 (26.4) 0.847 28 (36.4) 38 (44.2) 0.310

Disk protrusion, n (%) 152 (44.7) 62 (51.2) 0.216 36 (46.8) 47 (54.7) 0.314

Disk extrusion, n (%) 32 (9.4) 15 (12.4) 0.351 5 (6.5) 11 (12.8) 0.177

Nerve root impairment, n (%) 32 (9.4) 22 (18.2) 0.01* 4 (5.2) 13 (15.1) 0.039*

Spondylolisthesis, n (%) 31 () 13 (10.7) 0.601 8 (10.4) 14 (16.3) 0.272

Spinal stenosis, n (%) 32 (9.4) 23 (19.0) 0.005* 5 (6.5) 15 (17.4) 0.033*

Schmorl’s node, n (%) 25 (9.1) 7 (5.8) 0.436 6 (7.8) 6 (7.0) 0.842

Modic change, n (%) 18 (5.3) 9 (7.4) 0.109 9 (11.7) 5 (5.8) 0.181

Compression fracture, n (%) 12 (3.5) 1 (0.8) 0.199 3 (3.9) 3 (3.5) 1.000

Intraspinal tumors, n (%) 7 (2.1) 4 (3.3) 0.490 1 (1.3) 3 (3.5) 0.623

Surgery, n (%) 40 (11.8) 50 (41.3) <0.001* 11 (14.3) 40 (46.5) <0.001*
a, comparison of demographic characteristics and MRI imaging of LBP patients with/without radiculopathy in the training cohort; b, 
comparison of demographic characteristics and MRI imaging of LBP patients with/without radiculopathy in the validation cohort; *, 
P<0.05. LBP, low back pain; SD, standard deviation; ODI, Oswestry disability index; NRS, numerical rating scale.
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from perfect fit.
After successful internal validation, external validation 

was performed. Good calibration was observed in the 
validation cohort (Figure 4C,4D), and the C-index for the 
prediction of receiving surgical treatments were 0.75 (95% 
CI: 0.671–0.829) and 0.777 (95% CI: 0.696–0.857) in the 
baseline model and MRI model. The Hosmer-Lemeshow 
test also revealed there to be no departure from the perfect 
fit of the baseline and MRI models in the validation cohort 
(P=0.946 and P=0.090, respectively). 

Clinical use

The DCA for the baseline and MRI nomogram is presented 
in Figure 5. The y-axis represents the net benefit, and 
the x-axis represents the threshold probability. Our study 
showed that the threshold probability of the decision curve 
is 10% and the corresponding NB is 0.22 in the baseline 
model, which indicated that using the baseline model to 
predict receiving surgical treatment in LBP patients adds 
more benefit than does the treat-all-patients measure or the 
treat-none measure when the threshold probability is >10%. 

Table 3 Univariate logistic regression analysis of the possibility of receiving surgical treatment in the training cohort 

Parameters OR 95% CI P value

Gender, male vs. female 1.388 0.867–2.221 0.172

Age 1.019 1.003–1.034 0.016

Duration of pain 1.001 0.999–1.004 0.172

Leg pain 3.198 1.884–5.429 <0.001

Restricted waist movement 5.391 2.942–9.877 <0.001

Leg numbness 4.119 2.516–6.745 <0.001

Leg weakness 7.409 3.094–17.741 <0.001

Lower limb hypoesthesia 6.5 2.401–17.595 <0.001

Lameness 3.324 1.355–8.154 0.009

Restricted mobility 6.047 3.554–10.290 <0.001

straight leg raise test 4.256 2.457–7.375 <0.001

ODI 1.062 1.042–1.083 <0.001

NRS 1.923 1.541–2.399 <0.001

Imaging finding

Disk bulge 0.351 0.184–0.671 0.002

Disk protrusion 1.669 1.049–2.656 0.031

Disk extrusion 2.371 1.234–4.559 0.01

Nerve root impairment 4.133 2.273–7.516 <0.001

Spondylolisthesis 2.967 1.538–5.725 0.001

Spinal stenosis 4.791 2.648–8.667 <0.001

Schmorl’s node  0.407 0.121–1.366 0.146

Modic change 1.48 0.606–3.616 0.39

Compression fracture 2.669 0.852–8.363 0.092

Intraspinal tumors 3.578 1.067–12.001 0.039

ODI, Oswestry Disability Index; NRS, Numeric Rating Scales; OR, odds ratio; CI, confidence interval.
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Discussion

In this study, 2 diagnostic nomogram models were developed 
and validated to predict the possibility of receiving surgical 
treatments in LBP patients. Our data showed that in the 
baseline model, age, leg pain, leg weakness, lower limb 
hypoesthesia, straight leg raise test, and NRS score were 
positively associated with the possibility of taking surgical 
intervention in LBP patients. When lumbar MRI findings 
were included, significantly enhanced model fit and 

superior diagnostic accuracy were not apparent compared 
to the baseline model, suggesting that advanced lumbar 
MRI examination may not be useful to decide whether 
LBP patients with or without radiculopathy need to 
undergo surgical treatment. Therefore, our research may 
provide a completely new understanding of MRI’s clinical 
practicability in LBP patients.

For most patients with LBP, the pain symptoms can be 
resolved after pharmacological therapy and rehabilitation 
exerc i se .  Al though some pat ients  s t i l l  compla in 

Table 4 Multivariate logistic regression analysis of the possibility of receiving surgical treatment in the baseline and MRI models in training 
cohort 

Parameters 
Baseline Model MRI Model

OR 95% CI P value OR 95% CI P value

Age 1.020 1.001–1.041 0.042 NA NA NA

Leg pain 1.956 1.015–3.769 0.045 NA NA NA

Leg weakness 3.215 1.174–8.809 0.023 3.728 1.222–11.375 0.021

Lower limb hypoesthesia 3.618 1.106–11.836 0.033 NA NA NA

straight leg raise test 2.248 1.141–4.429 0.019 2.18 1.062–4.474 0.034

NRS 1.433 1.054–1.949 0.022 1.621 1.144–2.297 0.007

Imaging finding

Disk protrusion NA NA NA 2.327 1.027–5.219 0.04

Nerve root impairment NA NA NA 2.554 1.162–5.616 0.02

Spondylolisthesis NA NA NA 3.961 1.566–10.018 0.004

Spinal stenosis NA NA NA 2.865 1.308–6.276 0.009

Compression fracture NA NA NA 6.589 1.366–31.799 0.019

Intraspinal tumors NA NA NA 16.971 3.463–83.174 <0.001

ODI, Oswestry Disability Index; NRS, Numeric Rating Scales; OR, odds ratio; CI, confidence interval; N/A, not applicable.
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about chronic pain or unrelieved pain relief after the 
recommended treatments, the diagnostic imaging is only 
proposed when the final decision-making is changed. Since 
abnormal imaging findings are detectable in people with or 
without LBP, imaging findings may not be a good indicator 
to predict pain episodes (21). Also, patients’ demand and 
expectation for imaging can result in inappropriate imaging 
examinations, and individuals who are informed of abnormal 
imaging findings are prone to develop dissatisfaction and 
impact treatments due to the misconception regarding 
and fear of bad clinical outcomes (5,22). Therefore, good 
education for pain management and development in 
clinician communication are essential, as these can improve 

the patients’ notions of clinical diagnosis and the treatment 
plan in the absence of imaging examinations. 

For LBP patients with abnormal imaging, it is still 
unclear whether their adverse symptoms are associated 
with abnormal lumbar structures, as several morphological 
disorders, such as disc bulge or mild degeneration, are age-
related morphologic changes and are commonly visible 
in MRI examination. Additionally, several studies have 
reported that there is no significant value for MRI on clinical 
assessment and outcome prediction (4,23). Jarvik et al.  
reported no significant difference of Roland score in 2 groups  
that underwent rapid MRI and plain radiography (24). 
Carragee et al. proposed the use of demographic and clinical 
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characteristics to predict outcomes of conservative treatment 
and reported that morphometric features of disc herniation 
and the spinal canal on MRI seem to be useful predictors of 
operative treatment, with young people with a small ratio of 
disc hemiarea or remaining canal hemiarea usually achieving 
good outcomes (23). Furthermore, MRI has not been shown 
to be useful in assessing the need for surgical fixation in 
patients with thoracolumbar fracture when compared with 
plain radiographs (25). Furthermore, a pilot study of MRI 
imaging in acute lumbar radiculopathy found that acute 
sciatica recovered after conservative treatment and that the 
size of disc herniation could also be significantly reduced 
after conservative management. However, patients with 
herniated nucleus pulposus (HNP) are inclined to develop 
severe neurologic symptoms, with little improvement in 
MRI imaging after conservative treatment (26). Age is 
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a significant predictive factor for clinical diagnosis, and 
the characteristic of LBP in young individuals is usually 
functional pain rather than an indicator of organic disorders. 
It should be kept in mind that MRI is not commonly 
recommended for young LBP patients except for those with 
distressing symptoms or for considering the existence of 
potential malignant diseases. 

 Preoperative MRI may be helpful for selecting the 
optimal operation methods and predict the prognosis 
of LBP patients after surgical treatment. Kuittinen  
et al. reported that preoperative MRI of the lumbar spine 
could predict the outcome of LBP patients after surgical 
treatment in a 2-year follow up period (27). In their study, 
the additional MRI indicated that the severe lumbar spinal 
central stenosis could predict lower LBP and leg pain 
when compared to that in patients with moderate central 
stenosis after surgical treatment. Grassner et al. found 
that preoperative MRI could precisely identify the injured 
levels of the spine, which provided evidence to change 
the planned surgical approach, so as to undertake timely 
surgical intervention (28). Moreover, the generation of 
synthetic CT scans from MR imaging has been shown 
to help reduce workflow complexity, radiation exposure, 
and costs associated with adjunctive CT scanning in the 
lumbar spine (29). In our study, we found that LBP patients 
with more significant disk protrusion, spondylolisthesis, 
and spinal stenosis in the preoperative MRI were inclined 
to undergo lumbar interbody fusion, while patients with 
less severe disk protrusion or extrusion tended to receive 
percutaneous lumbar discectomy. The above results 
indicate that preoperative MRI may be helpful for surgeons 
in identifying the severity of lumbar spine injury and 
ultimately determining the optimal operation methods for 
LBP patients. 

In summary, although advanced imaging technologies 
provide detailed anatomic information, abnormal imaging 
findings in LBP patients may not be associated with the 
chief complaint. In our study, we discovered that for LBP 
patients, demographic and clinical characteristics, including 
age, leg pain, leg weakness, lower limb hypoesthesia, 
straight leg raise test, and NRS score were positively 
associated with the possibility of taking surgical intervention 
in LBP patients, indicated that those factors may serve 
as promising predictors to decide whether patients need 
surgical treatment, while the incorporation of MRI findings 
showed limited incremental prognostic value. The findings 
of MRI may be advantageous for the selection of optimal 
operation methods. Therefore, for patients with LBP, 

demographic and clinical characteristics have predictive 
value, and aged LBP patients with leg pain, leg weakness, 
lower limb hypoesthesia, straight leg raise test, and higher 
NRS score were positively associated with the possibility of 
taking surgical intervention and were therefore more likely 
to undergo surgical treatment. 

Limitations

There were some limitations in this study. First, bias 
attributable to the imbalance between the surgery group 
and no-surgery group could not be eliminated. However, 
both internal and external validation was performed to 
address the association and calibration of the models, and 
therefore render our results more convincing. Second, we 
only analyzed the clinical characteristics and MRI findings 
of the 2 groups in the training and validation cohort, while 
the clinical outcomes of each patient following surgery or 
no surgery were not identified. Third, several comorbidities 
like heart or lung diseases in participants were not traceable 
and recorded, which might have excluded patients from 
surgery. For this reason, we studied 2 populations from 
different institutions, with a total of 624 patients included. 
Multivariable Cox analysis was employed to reduce 
potential confounding, and nomograms were constructed 
to predict the possibility of receiving surgical treatments. 
Although there were several limitations, this work still 
provides important insights into the clinical practicability of 
MRI in LBP patients. 

Conclusions

Previous studies have reported the irrational use of advanced 
imaging examinations for the diagnosis and treatment of 
LBP patients. Yet, no studies have discussed the potential 
risk factors of LBP patients who need to undergo surgical 
therapies. In our study, 2 models were developed and 
validated to predict the possibility of receiving surgical 
treatment for LBP patients with or without radiculopathy. 
Our study showed that LBP patients with leg weakness are 
prone to receiving surgical treatments after pharmacological 
treatments, while additional MRI seemed to add limited value 
to the outcome prediction of LBP patients. Therefore, for 
LBP patients whose clinical baseline characteristics suggest a 
low risk for receiving surgical treatment, advanced imaging 
examinations should not be routinely prescribed. Diagnostic 
MRI may be helpful to ascertain the optimal surgical method 
once a patient is considered suitable for surgical treatment. 
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Our study can help in reducing the unnecessary use of MRI 
in patients based on their clinical data.
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