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Abstract 

Background: The correlation between spinal radiographic parameters and severity of cervical 

spondylotic myelopathy (CSM) is controversial. This study aimed to investigate the 

associations between spinal radiographic parameters and CSM severity, as well as between 

cervical and other spinopelvic radiographic parameters. 

Methods: Patients diagnosed with CSM (N = 118; 77 men) at our hospital from March 2013 

to February 2017 were included. The patients’ demographic data and the following 

radiographic parameters were investigated: cervical lordosis (CL), C2-C7 sagittal vertical axis 

(C2-C7 SVA), T1 slope, thoracic kyphosis, lumbar lordosis, pelvic incidence, sacral slope, 

pelvic tilt, and sagittal vertical axis (SVA). Cervical cord compression ratio (CCCR) was 

evaluated on sagittal magnetic resonance imaging. The Japanese Orthopaedic Association 

(JOA) scoring system was used for clinical evaluation. Correlation analyses were performed 

among the clinical and radiographic parameters. 

Results: The JOA score had the strongest correlation with SVA (r = −0.46, p < 0.01), followed 

by CCCR (r = −0.33, p < 0.01), CL (r = −0.29, p < 0.01), T1 slope (r = −0.29, p = 0.01), and 

C2–C7 SVA (r = −0.20, p = 0.03). Multivariate linear regression analysis revealed a model 

predicting the JOA score; JOA = 13.6 − 0.24 × SVA − 4.2 × CCCR (r = 0.51, p < 0.01). 

Although there was no significant correlation between the cervical and lumbopelvic 

radiographic parameters, the sequential correlation among the investigated spinopelvic 

parameters was identified. 

Conclusions: CSM severity worsened with spinal malalignment, such as a larger SVA. Though 

lumbopelvic radiographic parameters did not significantly impact cervical alignment and CSM 

severity, the sequential correlations among cervical-thoracic-lumbopelvic radiographic 

parameters were observed. Therefore, SVA is the most relevant radiographic parameter for 

CSM, but we cannot preclude the possibility that lumbopelvic alignment also affects cervical 
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alignment and CSM severity.  
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Introduction 

Cervical spondylotic myelopathy (CSM), the most common spinal cord dysfunction, is caused 

by age-related degeneration, such as spondylosis, protruding disk, facet arthritis, and 

hypertrophy of the ligamentum flavum [1, 2]. Frequently, the natural course of patients with 

CSM is progression of neurological symptoms, requiring surgical intervention [1]. 

Nevertheless, optimal CSM management has not been established because of its complex 

pathophysiology. In particular, the correlations between spinal alignment and disability of CSM 

have not been elucidated in previous studies.  

Recently, some studies have demonstrated that the spinal radiographic parameters, 

such as sagittal cervical alignment and sagittal vertical axis (SVA), may predict CSM severity 

[2-7]. In contrast, other studies have shown that spinal radiographic parameters did not affect 

the severity of CSM [8-10]. Moreover, a systematic review of CSM and spinal alignment 

showed the importance of sequential radiographic relationships among cervical-thoracic-

lumbar-pelvic parameters to understand the CSM pathology [3].  

The controversy of the association between sagittal alignment and disability of CSM 

could be attributed to a lack of uniformed study designs in the previous studies. To the best of 

our knowledge, there have been no studies in which the correlation among spinopelvic 

radiographic parameters, degree of cervical spinal cord compression, and clinical status of 

CSM were investigated.   

Therefore, the aims of this study were to investigate the correlation between the spinal 

radiographic parameters and CSM severity and to ascertain the correlation between cervical 

and other spinopelvic radiographic parameters. 

 

 

Materials and Methods 
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Patient population and selection 

From March 2013 to February 2017, we obtained clinical and radiographic records, including 

Japanese Orthopaedic Association (JOA) scores, cervical and whole spine x-rays, and cervical 

magnetic resonance imaging (MRI), from patients diagnosed with CSM. CSM was defined 

when patients had myelopathic symptoms, such as numbness on limbs, clumsiness with fine 

motor skills, or gait disturbance, and the radiographic findings correlated with the patients’ 

symptoms [1, 2]. Other diseases of the enrolled patients that may affect clinical symptoms and 

spinopelvic radiographic findings, such as lumbar canal stenosis, osteoarthritis of knee or hip, 

and neurological diseases (Parkinson’s disease and brain infarction), were also investigated. 

Patients were excluded if they were diagnosed with ossification of the longitudinal ligament 

and had a history of rheumatoid arthritis, hemodialysis, or spinal surgery. Institutional review 

board approval was obtained and all study participants provided informed consent. 

 

Patient demographics and clinical assessment 

The patients’ demographics, including sex, age, height, body weight, and body mass index 

(BMI), were investigated. The JOA scoring system was used to evaluate the CSM severity. 

 

Radiographic assessment 

The following radiographic parameters were measured in a neutral position on a standing 

lateral x-ray (Fig. 1): 1) cervical lordosis (CL), defined as the Cobb angle from the lower 

endplate of C2 to the lower endplate of C7; 2) C2-C7 SVA, defined as the distance between a 

plumb line dropped from the centroid of C2 and the posterior superior aspect of C7; 3) T1 slope, 

defined as the angle between the superior endplate of T1 and the horizontal line; 4) thoracic 

kyphosis (TK), defined as the Cobb angle from the upper endplate of T5 to the lower endplate 
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of T12; 5) lumbar lordosis (LL), defined as the Cobb angle from the upper endplate of L1 to 

the upper endplate of S1; 6) pelvic incidence (PI), defined as the angle between the line 

perpendicular to the sacral plate at its midpoint and the line connecting this point to the axis of 

the femoral heads; 7) sacral slope (SS), defined as the angle between the superior endplate of 

S1 and the horizontal line; 8) pelvic tilt (PT), defined as the angle between the line connecting 

the midpoint of the sacral plate to the axis of the femoral heads and the vertical axis; and 9) 

SVA, defined as the horizontal distance from the C7 plumb line originating at the middle of the 

C7 vertebral body to the posterior superior endplate of S1 [3]. 

To evaluate the degree of cervical cord compression, we measured the following 

radiological parameters and calculated the cervical cord compression ratio (CCCR) based on a 

previous report [1]. The anteroposterior diameter of the spinal cord was measured at the 

midlevel of the spinal canal using sagittal T2-weighted MRI to evaluate the degree of spinal 

cord compression [1]. The anteroposterior cord diameters at the most severe compression (di), 

at the nearest normal level above the level of compression (da), and at the nearest normal level 

below the level of compression (db) were used to evaluate the cervical cord compression ratio 

(CCCR) (Fig. 2). The normal level was defined as the level without a spinal cord deformation 

on the midlevel of sagittal T2-weighted MRI. CCCR was defined as follows: 

CCCR = [1 − di / (da + db)/ 2] × 100 

Thus, higher CCCR correlated with more severe cervical cord compression. Intra-rater 

reliability of CCCR was examined in a group of 10 randomly selected patients and measured 

three times by researchers who were blinded to the earlier measurements. The inter-rater 

reliability of CCCR was also tested in a group of 10 randomly selected patients by three 

independent spinal surgeons. The results of intra- and inter-rater reliabilities of CCCR were 

0.98 and 0.72, respectively.  

The all radiographic parameters were investigated using a DICOM viewer (RadiAnt 
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version 3.2.3, Meixant, Poznan, Poland; or Synapse version 4.1.0, FUJIFILM Medical, Tokyo, 

Japan).  

 

Statistical analysis 

SPSS Statistics version 20 (IBM Corp, Armonk, NY) was used for statistical analyses. The 

Pearson correlation coefficient and multiple regression analysis were used to analyze the 

correlation between the JOA scores and the radiographic parameters. A p value of < 0.05 was 

considered statistically significant. 

 

 

Results 

 

Demographics, radiographic parameters, and CSM severity 

This study involved 118 patients with CSM (77 men and 41 women); of them, 115 patients (74 

men and 41 women) underwent cervical surgery and three patients continued conservative 

treatment. The diseases other than CSM that may affect the patients’ symptoms and spinopelvic 

radiographic parameters were as follows: lumbar canal stenosis (n = 14), osteoarthritis of hip 

(n = 5) and knee (n = 4), history of brain infarction (n = 3), and Parkinson’s disease (n = 1). 

They underwent conservative treatment, including physical therapy, rehabilitation, or 

medication for the disease at the time of investigation. The average age, height, body weight, 

BMI, and JOA score were 63.9 ± 12.9 years, 163.1 ± 8.7 cm, 66.0 ± 13.2 kg, 23.9 ± 3.7 kg/m2, 

and 11.0 ± 2.7, respectively (Table 1). The most frequent level of maximal compression was 

the C4/5 (n = 42, 35.6%), followed by C5/6 (n = 41, 34.7%); C3/4 (n = 21, 17.8%); and C6/7 

(n = 11, 9.3%) (Fig. 3). The average and standard deviation of the investigated radiographic 

factors are provided in Table 2. 
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Correlation between the spinopelvic radiographic parameters and CSM severity 

The correlation analysis results between the radiographic parameters and JOA score are shown 

in Table 3. The JOA score had the strongest correlation with SVA (r = −0.46, p < 0.01), 

followed by CCCR (r = −0.33, p < 0.01); CL (r = −0.29, p < 0.01); T1 slope (r = −0.29, p < 

0.01); and C2–C7 SVA (r = −0.20, p = 0.03) (Fig. 4). Multivariate linear regression analysis 

revealed that the following model was useful and could be established for predicting the JOA 

score (r = 0.51, p < 0.01): 

JOA = 13.6 − 0.24 × SVA − 0.042 × CCCR 

 

Correlations among the spinopelvic radiographic parameters 

Significant correlations were noted among some of the spinopelvic radiographic parameters 

(Table 3) and sequential correlations of these parameters were summarized in Fig. 5. CL was 

significantly correlated with C2-C7 SVA (r = 0.19, p = 0.044); T1 slope (r = 0.68, p < 0.01); 

TK (r = −0.31, p < 0.01); and SVA (r = 0.40, p < 0.01), but not with other lumbopelvic 

parameters. However, a sequential correlation among the radiographic parameters of the 

cervical, thoracic, and lumbopelvic alignments was detected. CL was correlated with TK (r = 

−0.31, p < 0.01); TK was correlated with LL (r = −0.30, p < 0.01); and LL was correlated with 

SS (r = 0.52, p < 0.01), PT (r = −0.34, p < 0.01), and SVA (r = −0.25, p < 0.01). SVA was the 

only spinopelvic radiographic parameter that was significantly correlated with CCCR (r = 0.21, 

p = 0.021) (Fig. 5). 

 

Case presentation 

Representative cases of patients who had different types of CL and SVA are shown in Fig. 6. 



8 

 

An 84-year-old man presented with neck pain and lower back pain, numbness on upper and 

lower extremities, clumsiness, gait disturbance, and bladder dysfunction with a JOA score of 

7. The whole x-ray and cervical MRI showed a larger SVA (164.1 mm) and C2-C7 angle 

(59.0°) and 73.7% of CCCR (Fig. 6a, b).  

A 54-year-old woman presented with neck pain, numbness on upper extremities, 

clumsiness, gait disturbance, and bladder dysfunction with a JOA score of 12.5. On whole 

spine x-ray and cervical MRI, the patient had a negative SVA (−22.5 mm), C2-C7 angle 

(−12.0°), and 47.1% of CCCR (Fig. 6c, d). 

 

 

Discussion 

The current cross-sectional study indicated that CSM severity worsened with spinal 

malalignment. The greatest effect was observed with a larger SVA, followed by larger CL, T1 

slope, and C2-C7 SVA. Multivariate linear regression analysis revealed a model showing that 

the lower SVA and CCCR, the higher the JOA score was predicted. This study did not show a 

significant correlation between cervical and lumbopelvic alignments. However, the sequential 

correlations among the cervical, thoracic, and lumbopelvic alignment were observed. Therefore, 

although SVA is the most significant radiographic parameter for CSM severity, we cannot 

preclude the possibility that lumbopelvic alignment also affects cervical alignment and CSM 

severity considering the radiographic sequential correlation among cervical, thoracic, and 

lumbopelvic segments. 

In the present study, the most frequent level of maximal compression was the C4/5, 

followed by the C5/6, C3/4, and C6/7 (Fig. 2). This result was comparable to those of previous 

reports, except the study by Karpova et al. [9], which indicated that C6/7 was the most frequent 

level with the maximal compression [9, 11, 12]. The demographics, clinical status, and 
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radiographic parameters among our study participants showed normal distributions and were 

comparable to those of previous reports [13-16]. 

Although some studies analyzed the correlation between spinal alignment and 

disability in patients with CSM, the impact of spinal alignment on CSM was controversial [2-

4]. We showed that the parameters of spinal alignment, including the CL, C2-C7 SVA, T1 slope, 

and SVA, had mild or moderate negative correlations with CSM severity. Among them, SVA 

had the strongest correlation with JOA score. There have been some studies indicating the 

relationship between SVA or C2-C7 SVA and CSM severity [2, 4, 17]. Mohanty et al. [2] 

demonstrated that, among patients having CSM with cervical kyphosis, a larger SVA 

significantly worsened the neurological status, as measured by the modified JOA (mJOA) score, 

Nurick score, and 30-m walk test; however, they also found better neurological status among 

these patients with a larger SVA and CL. The authors asserted the clinical importance of the 

reciprocal effect of this type of cervical alignment with SVA, but they did not discuss the 

mechanism in detail [2]. Similarly, Smith et al. [4] and Yuan et al. [17] found that the C2-C7 

SVA negatively correlated with the mJOA score. In contrast, Scheer et al. [8] indicated that 

there was no significant correlation between preoperative C2-C7 SVA and CSM severity. 

Our next concern was the reason for a worse disability from CSM with a larger SVA. 

The first hypothesis was that a larger SVA causes horizontal gaze difficulty, resulting in gait 

disturbance [3]. Although gait disturbance due to the spinal deformity is not a myelopathic 

symptom, it can also decrease the JOA score. The second hypothesis was that an older age 

associating with a larger SVA may exacerbate cervical myelopathy. Some studies demonstrated 

the correlations between aging and SVA, as well as between aging and worsening myelopathy 

[3,17]. The third hypothesis was that a larger SVA increases the cervical spinal cord 

intramedullary pressure (IMP), leading to deteriorating CSM symptoms [18]. In their 

biomechanical study, Chavanne et al. [18] showed that a C2-C7 SVA of >75 mm significantly 
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increased IMP, which may cause demyelination, neurologic deterioration, and decreased blood 

supply due to flattening of small blood vessels [3]. The fourth hypothesis was that accelerated 

tissue degeneration, such as disc, facet joint, and ligamentum flavum, accompanied by a larger 

SVA causes more severe cervical cord compression. Xing et al. [19] and Yang et al. [20] 

addressed that a larger SVA is associated with the progression of spinal degeneration. 

Shimomura et al. [21] found that the patients having CSM with circumferential spinal cord 

compression were at a significantly higher risk for worse clinical symptoms than those with 

partial compression. Karpova et al. [22] demonstrated a significant correlation between the 

transverse area of the spinal cord and a higher number of myelopathic signs, hyperreflexia, 

positive Hoffman sign, plantar response, hand numbness, and mJOA scores. The negative 

correlation between JOA score and CCCR in the present study may be attributed to the fourth 

hypothesis. These four speculations support the pathogenesis that a larger SVA may trigger a 

neurological deterioration and a decrease in JOA scores for CSM. However, we cannot 

demonstrate the minimum distance of SVA which requires a surgical intervention among the 

patients with CSM due to a cross-sectional comparative study design.  

The current study also associated a larger C2-C7 angle with significantly worsening 

JOA score. This was an unexpected result because, to the best of our knowledge, no studies 

have demonstrated the complications of a larger CL on CSM severity. Oshima et al. [5] found 

that local kyphosis was a poor prognostic factor for CSM patients without surgical intervention. 

Shamji et al. [6] and Suda et al. [7] also demonstrated that cervical kyphosis led to worse 

postoperative disability from CSM. Conversely, the retrospective studies of Karpova et al. [9] 

and Nicholson et al. [10] showed that cervical kyphosis did not correlate with CSM severity. 

To our knowledge, no study has shown the effect of the T1 slope on CSM severity. Therefore, 

we hypothesize that the negative effect of C2-C7 angle and T1 slope on JOA score was due to 

the associated SVA, which was radiographically correlated to C2–C7 angle and T1 slope in the 
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present study,  

Many studies addressed various correlations among cervical and thoracic radiographic 

parameters; CL with TK [8]; CL with T1 slope [8, 17]; CL with C2-C7 SVA [17, 23]; T1 slope 

with TK [23]; and T1 slope with C2-C7 SVA [24]. Recently, a concept of postural compensation 

among spinopelvic parameters has been gaining attention. However, to our knowledge, there 

have been only three studies which analyzed the detailed correlation among the spinopelvic 

parameters [3, 25, 26]. Ames et al. [3] and Iyer et al. [25] performed retrospective 

radiographical analyses of the spinopelvic parameters among 55 and 115 asymptomatic 

volunteers, respectively, and showed multiple radiographic correlations among cervical-

thoracic-lumbar-pelvic parameters. Huec et al. [26] showed the correlation between C7 slope 

and SS among 137 asymptomatic participants. Our results showed the several mild or moderate 

correlations between spinal segments and between the sequential correlations among cervical-

thoracic-lumbar-pelvic parameters. These results were comparable to those of the previous 

studies, although there were small differences, which might be due to a compensatory 

mechanism to maintain a sagittal balance [3, 8, 17, 23, 24].  

Some limitations must be considered when interpreting the present study results. First, 

the study was likely affected by non-response bias due to the cross-sectional design. Second, 

this was a cross-sectional design that required longitudinal data for a pathological study of a 

relationship between change of spinopelvic alignments and severity of cervical myelopathy. 

Third, intra- and inter-observer discrepancies among the investigated spinal radiographic 

parameters should be considered even though satisfactory reliability of these spinal 

radiographic parameters had been reported in another study [27]. Fourth, several patients had 

other orthopedics disorders (lumbar canal stenosis and osteoarthritis of hip and knee) and 

neurological diseases (Parkinson’s disease and brain infarction), which may have affected the 

results of this study.  
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Conclusion 

 

We identified the relationship between the disabilities of CSM and spinal radiographic 

parameters. The CSM severity worsened with spinal malalignment, such as the larger CL, C2-

C7 SVA, T1 slope, and SVA. Among the parameters, SVA had the strongest correlation with 

CSM severity possibly because of the associated gait disturbance, aging changes, accelerated 

spinal degeneration, and higher IMP. Moreover, the JOA score could be predicted using SVA 

and CCCR with a multivariate linear regression analysis. We observed sequential correlations 

between the cervical and lumbopelvic radiographic parameters, which implied the presence of 

a relationship between cervical and lumbopelvic alignment. However, we could not show a 

minimum degree of spinopelvic malalignment, including that of the SVA, which need a surgical 

intervention for CSM due to the cross-sectional comparative study design. Therefore, further 

longitudinal studies to investigate the impact of spinopelvic radiographic features on worsening 

of myelopathy are needed. 
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Figure captions 

Fig. 1. Summary of the investigated sagittal spinopelvic radiographic parameters.  

CL: cervical lordosis; SVA: sagittal vertical axis; TK: thoracic kyphosis; LL: lumbar lordosis; 

PI: pelvic incidence; SS: sacral slope; PT: pelvic tilt. 

 

Fig. 2. Measurements to calculate CCCR. The anteroposterior cord diameters at the most severe 

compression (di), at the nearest normal level above the compression (da), and below the 

compression (db) were used.  

CCCR: cervical cord compression ratio. 

 

Fig. 3. Investigation of the cervical segment with the highest occupation ratio of the spinal cord. 

The most frequent level of maximal compression was the C4/5 followed by C5/6. 

 

Fig. 4. Correlation analysis between the JOA score and radiographic parameters. 

Correlation between the JOA score and (a) SVA and (b) CCCR are shown.  

JOA: Japanese Orthopaedic Association. 

 

Fig. 5. Summary of correlation analysis among the spinopelvic radiographic parameters and 

JOA score. The sequential correlations among spinopelvic radiographic parameters were 

observed. 

 

Fig. 6. Illustration of the different spinal alignments. (a, b) An 84-year-old man with a JOA 

score of 7 and a larger SVA (164.1 mm). (c, d) A 54-year-old woman with a JOA score of 12.5 

and a negative SVA (−22.5 mm). 
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Tables 

Table 1. Patient demographics and clinical evaluations 

Variables n (%) or mean ± SD Minimum Maximum 

Sex    

Male 77 (65.3)   

Female 41 (34.7)   

Age (years) 63.9 ± 12.9 25 84 

Height (cm) 163.1 ± 8.7 135.0 187.0 

Body weight (kg) 66.0 ± 13.2 37.0 115.0 

BMI (kg/m2) 23.9 ± 3.7 14.0 35.2 

JOA score  11.0 ± 2.7 4.0 16.0 

 

BMI: body mass index; JOA: Japanese Orthopaedic Association.  
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Table 2. Radiographic data of the patients 

Variables Mean ± SD 

CL (°) 15.8 ± 13.0 

C2-C7 SVA (mm) 23.8 ± 14.6 

T1 slope (°) 28.1 ± 10.8 

TK (°) −31.4 ± 14.2 

LL (°) 28.2 ± 13.6 

PI (°) 40.3 ± 10.7 

SS (°) 28.3 ± 8.0 

PT (°) 14.9 ± 10.5 

SVA (mm) 29.1 ± 44.5 

CCCR (%) 38.1 ± 10.2 

 

CL: cervical lordosis; C2-C7 SVA: C2-C7 sagittal vertical axis; TK: thoracic kyphosis; LL: 

lumbar lordosis; PI: pelvic incidence; SS: sacral slope; PT: pelvic tilt; SVA: sagittal vertical 

axis; CCCR: cervical cord compression ratio.  
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Table 3. Correlations among spinopelvic parameters, compression of spinal cord, and JOA 

scores 

CL: cervical lordosis; C2-C7 SVA: C2-C7 sagittal vertical axis; TK: thoracic kyphosis; LL: 

lumbar lordosis; PI: pelvic incidence; SS: sacral slope; PT: pelvic tilt; SVA: sagittal vertical 

axis; CCCR: cervical cord compression ratio; JOA: Japanese Orthopaedic Association Score. 

*Statistically significant (p < 0.05). 

  CL C2–C7 

SVA 

T1 slope TK LL PI SS PT SVA CCCR JOA 

CL r = 1 
          

C2–C7 

SVA 

r = 0.19 

p = 

0.044* 

r = 1 
         

T1 slope r = 0.68 

p < 0.01* 

r = 0.52 

p < 0.01* 

r = 1 
        

TK r = −0.31 

p < 0.01* 

r = −0.31 

p < 0.01* 

r = −0.39 

p < 0.01* 

r = 1 
       

LL r = 0.062 

p = 0.51 

r = 

−0.023 

p = 0.81 

r = 

−0.062 

p = 0.50 

r = −0.30 

p < 0.01* 

r = 1 
      

PI r = 0.032 

p = 0.73 

r =–0.069 

p = 0.46 

r = 0.017 

p = 0.86 

r = 0.11 

p = 0.26 

r = 0.074 

p = 0.42 

r = 1 
     

SS r = 

−0.041 

p = 0.66 

r =–0.112 

p = 0.23 

r =–0.011 

p = 0.91 

r = 0.002 

p = 0.98 

r = 0.52 

p < 0.01* 

r = 0.22 

p = 

0.015* 

r = 1 
    

PT r = 0.12 

p = 0.21 

r = 0.051 

p = 0.58 

r = 0.083 

p = 0.37 

r = 0.069 

p = 0.46 

r = −0.34 

p < 0.01* 

r = 0.47 

p < 0.01* 

r = −0.46 

p < 0.01* 

r = 1 
   

SVA r = 0.40 

p < 0.01* 

r = 0.17 

p = 0.065 

r = 0.41 

p < 0.01* 

r = 

−0.049 

p = 0.60 

r = −0.25 

p < 0.01* 

r = 0.13 

p = 0.17 

r = −0.11 

p = 0.25 

r = 0.11 

p = 0.26 

r = 1 
  

CCCR r = 0.08 

p = 0.39 

r = 0.11 

p = 0.24 

r = 0.03 

p = 0.75 

r = 0.062 

p = 0.51 

r = 0.15 

p = 0.12 

r = 0.078 

p = 0.40 

r = 0.021 

p = 0.83 

r = 0.094 

p = 0.31 

r = 0.21 

p = 

0.021* 

r = 1 
 

JOA  r =–0.29 

p < 0.01* 

r =–0.20 

p = 0.03* 

r =–0.29 

p < 0.01* 

r = 

−0.078 

p = 0.40 

r = 0.14 

p = 0.12 

r = 

−0.005 

p = 0.96 

r = 0.12 

p = 0.20 

r = −0.10 

p = 0.27 

r = −0.46 

p < 0.01* 

r = −0.33 

p < 0.01* 

r = 1 
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