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A B S T R A C T   

Background: Disc height (DH) change is considered one of the most critical factors in assessing 
intervertebral disc degeneration (IVD). Pfirrmann et al. developed a scoring system for disc 
degeneration evaluation based on changes in DH in magnetic resonance imaging (MRI). While the 
relationship between DH measurements and Pfirrmann scores for disc degeneration has been 
explored, the validity of different DH measuring techniques or their connection with disc 
degeneration is yet uncertain. The present study investigates intra-rater and inter-rater agreement 
and reliability of different DH measurement methods on MRI and evaluates the relationship 
between different DH measurement methods and Pfirrmann scores of IVD degeneration, as well as 
between different Pfirrmann scores and clinical outcomes. 
Methods: Adult patients with MRI scans of the lumbar spine were recruited. Eight DH measuring 
techniques were tested for intra-rater and inter-rater agreement and reliability. Bland and Alt-
man’s Limits of Agreement (LOA) was used to evaluate intra-rater and inter-rater agreements. 
Intra-rater and inter-rater reliability were evaluated using intra-class correlations (ICC) with 95 % 
confidence intervals (95 % CI). The association between DH and Pfirrmann scores was examined 
using one-way ANOVA. 
Results: Excellent intra-rater reliability was reported for 332 participants on DH (ranging from 
0.912 (0.901, 0.923) to 0.973 (0.964, 0.981) and from 0.902 (0.892, 0.915) to 0.975 (0.962, 
0.985) by two independent raters). All measuring methods had high intra-rater agreement, except 
for methods 4 and 5. All methods had good-to-excellent of inter-rater reliability on DH (ICCs 
ranging from 0.812 (0.795, 0.828) to 0.995 (0.994, 0.995)) except for the posterior disc material 
length of method 5 (ICC 0.740 (0.718, 0.761)). Methods 1 to 6 for evaluating DH in patients with 
spondylolisthesis had poor inter-rater reliability. The IVD levels with grades IV and V in Pfirr-
mann scores had significantly lower DH than the IVD levels with grades I to III in Pfirrmann 
scores. IVD levels with grades IV and V in Pfirrmann scores had significantly higher VAS and ODI 
than IVD levels with grades I in Pfirrmann scores. 
Conclusion: A good-to-excellent intra-rater and inter-rater reliability was achieved on most DH 
measuring methods on MRI following a standardized and structured protocol. However, small 
anatomical structures and different tissue borders could influence measurements. Additionally, 
DH can differentiate between grade IV and V Pfirrmann scores, and severe IVD degeneration (IV 
and V Pfirrmann) is linked to clinical outcomes.  
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1. Introduction 

Low back pain (LBP) is the leading cause of disability and lost productivity globally, posing a significant economic burden [1]. 
Health expenditure for LBP has been estimated to be up to $A5 billion in Australia and US$100 per year in the United States [2]. 
Identifying the potential aetiology of this condition and implementing the most effective treatment are urgent priorities to lessen the 
global burden of LBP. 

Previous research has linked intervertebral disc (IVD) degeneration to LBP [3]. The hallmarks of disc degeneration include the 
structural alterations of the annulus fibrosis, nucleus pulposus, endplate, and subchondral bone due to the changes in fluid, pro-
teoglycans, and collagen [4]. Radiographic changes supportive of IVD degeneration include the loss of disc height, formation of 
osteophytes leading to constriction of articular facets and intervertebral foramen, and changes in characteristics and location of disc 
material [5,6]. However, IVD degeneration has proven to be a difficult entity to investigate; its description is ambiguous, with different 
radiographic metrics that are difficult to classify and quantify. In theory, changes in disc height (DH) could reflect changes in the 
microstructure of IVD. In addition, a radiological investigation found a potential relationship between the change in lumbar DH and 
IVD degeneration [7]. Changes in DH could cause a redistribution of the loading on the lumbar spine because of the reduction in the 
function of IVD as a cushion and shock absorber. Furthermore, narrowing and thinning of IVD space have been linked to pain intensity, 
chronic pain, and lumbar spine impairments [8]. However, other investigations revealed that only major pathologic changes in DH 
may be utilized to diagnose IVD degeneration [9–11], and different techniques of assessing DH yielded different results [7,9,12–17]. 
Therefore, a reproducible DH measurement is required. 

Intra-rater with inter-rater reliability refers to the extent to which two or more raters agree on addressing the consistency of 
implementation of a rating system. The statistical methods provide a score indicating the degree of homogeneity, or consensus, in the 
assessments given by judges. Bland and Altman’s Limits of Agreement (LOA) was recently the most popular [18], recommending a 
statistical approach for evaluating agreement [19,20]. As a result, the application of reliability with LOA agreement is required for 
evaluating the accuracy and efficacy measurement for DH. 

There is mounting evidence of different measuring methods based on different radiological techniques, including X-ray, computed 
tomography (CT), and magnetic resonance imaging (MRI) [7,9,12–17,21,22]. Clinicians frequently described and interpreted the 
images based on their experiences and information from literature and practice. MRI outperforms radiography and CT scans in 
revealing the morphologic characteristics of IVDs with good imaging of anatomical structures without ionizing radiation [22], 
including IVD height [7], IVD volume [23], and disc degeneration [10]. Pfirrmann et al. [10] developed a scoring system to evaluate 
disc degeneration based on changes in DH in MRI. Furthermore, the relationship between DH and disc degeneration classification by 
Pfirrmann scores has been investigated [11]. However, the scoring system does not specify the measurement methods. Previous 
research has shown that varying intra-rater and inter-rater reliability results in different disc height index measurement methods on 
X-rays can alter Pfirrmann scores [21]. While several related studies have reported potential bias on different measurement methods, 
research on the validity of different measurement methods on DH or the relationship with disc degeneration based on different DH 
measurement methods is lacking. Therefore, it is intriguing to determine whether the DH measured using different measurement 
methods differs in the different grades of IVD degeneration in Pfirrmann scores [10] and whether the DH change in different Pfirrmann 
scores varies in different clinical outcomes (e.g., LBP and disability). 

In this view, the current study aims to: 1) evaluate intra-rater and inter-rater agreement and reliability of different DH measurement 
methods on MRI; 2) investigate the relationship between different DH measurement methods and Pfirrmann scores of IVD degener-
ation; and 3) assess the relationship between different Pfirrmann scores and clinical outcomes (e.g., LBP and disability). 

2. Materials and methods 

2.1. Participants 

The Human Research Ethics Committee of Xuanwu Hospital Capital Medical University approved this study. Adult participants (age 
≥18 years) who had routine MRI scans of the lumbar spine from September 2018 onwards (n = 332) were enrolled in this retrospective 
investigation. Participants who underwent lumbar spine surgery before MRI scan and/or diagnosed with scoliosis (defined as a lateral 
deviation of the spine from the normal plumb line with a Cobb angle ≥10◦ for the magnitude of curve in plain radiography) and/or 
vertebral anomaly (the deficiency presumably occurs during vertebral somite formation, including wedge vertebra, hemivertebra, 
fusion of the vertebrae, transitional vertebrae, and butterfly vertebra, etc.) were excluded from the study. All participants consented to 
use their demographic data, clinical outcomes, and radiological data for research purposes. 

2.2. Clinical outcome 

Two questionnaires were used to assess pain intensity by Visual Analogue Scale (VAS: 0 - no pain; 10 - worst pain imaginable) and 
function and disability by Oswestry disability index (ODI: a validated tool on 10-items, each item was manually rated with 5 points for 
six possible responses (the first statement is score 0; the last statement is score 5), giving a potential score between 0 % (normal) to 100 
% (severe disability)) during the recruitment. All data were collected and stored in the Xuanwu Hospital Capital Medical University by 
an experienced spine surgeon (YW). 
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2.3. MRI acquisition 

All participants had their lumbar spine scanned with a 3.0 T Trio Tim scanner (Siemens, Erlangen, Germany). MRI yielded sagittal 
T1-weighted, sagittal T2-weighted, and axial T2-weighted images. The field of view (FOV), repetition time (TR)/echo time (TE), 
matrix size, slice thickness, slice per slab, and number of excitations (NEX) during the sagittal T1-weighted scan were 310 * 310 mm, 
550 ms/9.6 ms, 320 * 320, 4.0 mm, 11, and 2, respectively. The FOV, the TR/TE, matrix size, slice thickness, slice per slab, and NEX 
during the sagittal T2-weighted scan were 310 * 310 mm, 2700 ms/97 ms, 320 * 320, 4.0 mm, 11, and 2, respectively. The FOV, the 
TR/TE, matrix size, slice thickness, slice per slab, and NEX during the axial T2-weighted scan were 210 * 210 mm, 3400 ms/102 ms, 
320 * 320, 4.0 mm, 15, and 2, respectively. The research team selected the mid-sagittal section of the T2-weighted slice for DH 
assessment. The DH was measured using an Apple MacBook with integrated touchpads and the Philips DICOM Viewer (Philips, Best, 
the Netherlands) to reduce potential bias. 

2.4. Measurements 

The DH/DHI was evaluated using a mid-sagittal T2WI slice of the lumbar spine. Each segmental level of the lumbar spine (defined 

Fig. 1. The details of disc height (DH) and disc height index (DHI) measurements. (a) Method 1 of DH; (b) Method 2 of DH; (c) Method 3 of DH; (d) 
Method 4 of DH; (e) Method 5 of DH; (f) Method 6 of DH; (g) Method 7 of DHI; (h) Method 8 of DHI. Note: A: The mid-disc height between the upper 
and lower bisection points is measured at the midpoint of vertebrae; B: The shortest distance between the anterior edges of the neighbouring 
endplate will be recorded as the anterior disc height; C: The shortest distance between the posterior edges of the neighbouring endplate will be 
recorded as the posterior disc height; D: The distance between the centroids of upper and lower vertebral body; E: The distance between anterior and 
posterior boundaries of anterior herniated disc material; F: The distance between anterior and posterior boundaries of posterior herniated disc 
material; G: The disc diameter will be measured between the midpoints of the lines drawn from the endpoints of the superior vertebral endplate to 
the inferior; H–J: The proximal vertebral body height will be measured from the anterior (H), middle (I), and posterior (J) portions of each 
respective disc level; K–M: The distal vertebral body height will be measured from the anterior (K), middle (L), and posterior (M) portions of each 
respective disc level. According to the classification of related lines, line B, C, E, F, H, J, K, and M are defined as direct lines, and line A, D, G, I, and L 
are defined as indirect lines. 
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as IVD level from L1-L2 to L5-S1) was assessed using six DH methods [7,12,13,15–17] and two-disc height index (DHI) methods [7,9]. 
The protocol for measuring the DH and DHI is outlined in Supplementary Material 1 and Figure [1(a–h)]. 

Method 1 of DH is defined as the midpoint IVD height [12]. Method 2 of DH is defined as the mean of the anterior and posterior IVD 
height [7]. Method 3 of DH is defined as anterior, middle, and posterior IVD height, respectively [13]. Method 4 of DH is defined as the 
distance between the centroids of the upper and lower vertebral body of the IVD [15]. Method 5 of DH is defined as the anterior and 
posterior IVD material length [16]. Method 6 of DH is defined as the mean of the anterior, middle, and posterior IVD heights [17]. 

Method 7 of DHI is defined as the ratio of total anterior and posterior IVD height to disc diameter [7]. Method 8 of DHI is defined as 
the ratio of the mean of anterior, middle, and posterior IVD height to the mean of proximal and distal vertebral body height [9]. 

The direct line was defined as a line that may be directly traced on the vertebral body. The indirect line was defined as the line that 
should be drawn as a crossing direct line(s). 

The IVD degeneration was evaluated using the five categories of Pfirrmann’s score [10]. Pfirrmann grade ≥ III was defined as disc 
degeneration [24]. Two raters (XC and YW) independently assessed the disc degeneration. The third rater (SL) settled the discrepancy 
between the two raters. 

2.5. Training 

Two researchers (XYL as rater 1 and YW as rater 2) performed the DH and DHI measurements. Both raters are experienced spine 
surgeons and back pain experts. Twenty participants were selected for measuring training. The intra- and inter-rater agreement was 
assessed between two out of six DH and two DHI measurements performed by each rater. The inter-rater reliability was assessed 
between two raters who were purposely selected to represent a novice and an expert radiological image interpretation. All measuring 
techniques and results were blinded to each other. There were two weeks intervals between the first and second measurement sessions 
to reduce potential bias. 

2.6. Statistical analysis 

Intra-rater and inter-rater reliability were assessed using intra-class correlation coefficient (ICC) and their 95 % confidence 

Fig. 2. The Bland and Altman plot of Limits of Agreement (LOA) between two raters on the different measurements for disc height (DH). The y-axis 
shows the mean difference (MD) between raters’ measurements, and the x-axis shows the mean value of both raters’ measurements. The LOA plot 
will show the relationship between mean values and differences between rater 1 and rater 2 on the measurements of DH using two out of previously 
reported methods. MD with 95 % confidence intervals (CI) of the measurements between rater 1 and rater 2 was reported to describe the precision of 
the bias. The green line shows the range of mean difference including zero. The purple line shows the MD between measurements. Red lines show 
the 95 % (LOA), between which 95 % of all measurement differences are located. If the 95 % CI doesn’t include zero, it can be assumed that there is 
a bias. Furthermore, LOA was presented as a proportion of mean values for each method. The proportion will be calculated as follows: ((upper LOA 
+(− 1*(lower LOA)))/(the mean)) *100 %. Following previously published data, we consider percentages lower than 50 % as an indicator of 
acceptable precision. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.) 
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intervals (95 % CI). Excellent, good, moderate, and poor reliability were defined as ICC values greater than 0.90, between 0.75 and 0.9, 
between 0.5 and 0.75, and less than 0.5, respectively [25]. Different diagnoses of included participants (e.g., lumbar disc herniation, 
lumbar spinal stenosis, and lumbar spondylolisthesis (defined as one vertebra over subjacent vertebra without an associated disruption 
or defect in the vertebral ring)), different lines, and different levels were employed for subgroup analysis (see Fig. 1). 

Bland and Altman’s Limits of Agreement (LOA) is recommended as a standard approach for assessing agreement between two 
measuring methods [18–20,26]. It is imperative to investigate intra-rater and inter-rater agreement on different DH measurement 
methods employing MRI using LOA with standard error of measurement (SEM). LOA is depicted as the mean differences (MDs) be-
tween two measuring methods with the SD of the differences (Fig. 2). The precision of bias was presented as 95 % CI of MDs. The bias is 
referred to as zero, not in 95 % CI. The proportion of LOA was calculated formulas follows: ((upper LOA +(− 1*(lower LOA)))/(the 
mean)) *100 %. A proportion lower than 50 % was considered acceptable based on previously published data [16]. The variables 
responsible for the deviation of the results out of the LOA range have been described. 

The correlations between DH/DHI and Pfirrmann scores and between Pfirrmann scores and clinical scores (VAS LBP and ODI) were 
investigated using one-way ANOVA. Post hoc testing with Tukey’s test was performed for statistically significant ANOVA results. The 
strength of the relationship was assessed using linear regression. All statistical analyses were performed using SPSS statistical package 
version 24 (SPSS Inc, Chicago, IL). A P value less than 0.05 denoted statistical significance. 

3. Results 

There were 332 participants (142 females and 190 males; mean age 47.81 ± 16.86 years, ranging from 19 to 82 years). There are a 
total of 1660 lumbar spine levels in these participants. A total of 496 lumbar spine levels with IVD degeneration was found in these 
participants using Pfirrmann grade, including 16 IVD degeneration at the level of L1-L2, 31 at the level of L2-L3, 77 at the level of L3- 
L4, 187 at the level of L4-L5, and 185 at the level of L5-S1 (Table 1). The mean VAS LBP and ODI at preoperative were 4.42 ± 1.81 and 
25.46 ± 10.70, respectively. 

Table 1 
Patient demographic and clinic-radiological information.   

Number of patients 

Female: Male 142 (36.1 %): 190 (63.9 %) 
Age (years) 47.81 ± 16.86 
Diagnosis 
Spondylolisthesis 35 (10.5 %) 
Disc herniation 68 (20.5 %) 
Spinal stenosis 129 (38.9 %) 
Normal 100 (30.1 %) 
Intervertebral disc degeneration based on the Pfirrmann score [10] 
L1-L2  
Grade I 193 (58.1 %) 
Grade II 123 (37 %) 
Grade III 16 (4.9 %) 
L2-L3  
Grade I 165 (49.7 %) 
Grade II 136 (41 %) 
Grade III 30 (9 %) 
Grade IV 1 (0.3 %) 
L3-L4  
Grade I 120 (36.1 %) 
Grade II 135 (40.7 %) 
Grade III 64 (19.3 %) 
Grade IV 13 (3.9 %) 
L4-L5  
Grade I 58 (17.5 %) 
Grade II 87 (26.2 %) 
Grade III 124 (37.3 %) 
Grade IV 54 (16.3 %) 
Grade V 9 (2.7 %) 
L5-S1  
Grade I 55 (16.6 %) 
Grade II 92 (27.7 %) 
Grade III 99 (29.8 %) 
Grade IV 68 (20.5 %) 
Grade V 18 (5.4 %) 
VAS LBP 4.42 ± 1.81 
ODI 25.46 ± 10.70 

VAS: Visual Analogue Scale; LBP: low back pain; ODI: Oswestry Disability Index. 
Continuous data are presented as the mean ± standard deviation (SD). Dichotomous data are 
presented as numbers and percentages. 
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Table 2 
Intra- and inter-rater measures’ reliability results based on different measurement methods on disc height.   

Level/Diagnosis N Intra-rater reliability Inter-rater_ICC (95 % CI) 

Rater 1_ICC (95 % CI) Rater 2_ICC (95 % CI) 

Method 1 L1-L2 332   0.894 (0.870, 0.914) 
L2-L3 332 0.873 (0.844, 0.896) 
L3-L4 332 0.898 (0.875, 0.917) 
L4-L5 332 0.924 (0.907, 0.938) 
L5-S1 332 0.916 (0.896, 0.931) 
Lumbar disc herniation 340 0.900 (0.868, 0.925) 
Lumbar spinal stenosis 645 0.873 (0.851, 0.893) 
Spondylolisthesis 175 0.529 (0.448, 0.601) 
Normal 500 0.954 (0.946, 0.960) 
All 1660 0.960 (0.951, 0.972) 0.967 (0.958, 0.982) 0.902, (0.892, 0.910) 

Method 2 L1-L2 332   0.971 (0.965, 0.977) 
L2-L3 332 0.953 (0.942, 0.962) 
L3-L4 332 0.940 (0.927, 0.952) 
L4-L5 332 0.926 (0.909, 0.940) 
L5-S1 332 0.929 (0.913, 0.942) 
Lumbar disc herniation 340 0.951 (0.934, 0.963) 
Lumbar spinal stenosis 645 0.977 (0.973, 0.980) 
Spondylolisthesis 175 0.556 (0.478, 0.625) 
Normal 500 0.931 (0.919, 0.942) 
All 1660 0.962 (0.947, 0.975) 0.961 (0.957, 0.971) 0.948 (0.943, 0.953) 

Method 3_ Anterior disc height L1-L2 332   0.983 (0.979, 0.986) 
L2-L3 332 0.951 (0.940, 0.960) 
L3-L4 332 0.942 (0.929, 0.953) 
L4-L5 332 0.900 (0.877, 0.919) 
L5-S1 332 0.938 (0.924, 0.950) 
Lumbar disc herniation 340 0.950 (0.933, 0.963) 
Lumbar spinal stenosis 645 0.977 (0.973, 0.980) 
Spondylolisthesis 175 0.675 (0.613, 0.729) 
Normal 500 0.930 (0.917, 0.941) 
All 1660 0.973 (0.964, 0.981) 0.975 (0.962, 0.985) 0.955 (0.950, 0.959) 

Method 3_ Posterior disc height L1-L2 332   0.946 (0.933, 0.956) 
L2-L3 332 0.933 (0.918, 0.946) 
L3-L4 332 0.934 (0.918, 0.946) 
L4-L5 332 0.929 (0.913, 0.943) 
L5-S1 332 0.873 (0.845, 0.896) 
Lumbar disc herniation 340 0.939 (0.918, 0.954) 
Lumbar spinal stenosis 645 0.971 (0.966, 0.975) 
Spondylolisthesis 175 0.479 (0.465, 0.487) 
Normal 500 0.923 (0.909, 0.935) 
All 1660 0.957 (0.942, 0.968) 0.955 (0.946, 0.962) 0.928 (0.921, 0.934) 

Method 4 L1-L2 332   0.890 (0.865, 0.910) 
L2-L3 332 0.946 (0.934, 0.956) 
L3-L4 332 0.903 (0.880, 0.921) 
L4-L5 332 0.900 (0.877, 0.919) 
Lumbar disc herniation 272 0.836 (0.779, 0.880) 
Lumbar spinal stenosis 516 0.975 (0.970, 0.979) 
Spondylolisthesis 140 0.445 (0.345, 0.536) 
Normal 400 0.931 (0.898, 0.959) 
All 1328 0.921(0.913, 0.925) 0.930 (0.925, 0.938) 0.917 (0.908, 0.925) 

Method 5_ Anterior disc material length L1-L2 332   0.848 (0.814, 0.875) 
L2-L3 332 0.760 (0.711, 0.802) 
L3-L4 332 0.861 (0.830, 0.886) 
L4-L5 332 0.671 (0.607, 0.726) 
L5-S1 332 0.845 (0.811, 0.873) 
Lumbar disc herniation 340 0.800 (0.739, 0.847) 
Lumbar spinal stenosis 645 0.872 (0.852, 0.889) 
Spondylolisthesis 175 0.384 (0.283, 0.479) 
Normal 500 0.803 (0.769, 0.832) 
All 1660 0.928 (0.916, 0.935) 0.921 (0.914, 0.931) 0.812 (0.795, 0.828) 

Method 5_ Posterior disc material length L1-L2 332   0.802 (0.794, 0.820) 
L2-L3 332 0.786 (0.771, 0.802) 
L3-L4 332 0.808 (0.767, 0.842) 
L4-L5 332 0.427 (0.418, 0.440) 
L5-S1 332 0.873 (0.845, 0.897) 
Lumbar disc herniation 340 0.842 (0.793, 0.880) 
Lumbar spinal stenosis 645 0.744 (0.708, 0.777) 
Spondylolisthesis 175 0.387 (0.293, 0.474) 

(continued on next page) 
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3.1. Intra-rater reliability 

Intra-rater reliability on different measurement methods was excellent, ranging from 0.912 (0.901, 0.923) to 0.973 (0.964, 0.981) 
and from 0.902 (0.892, 0.915) to 0.975 (0.962, 0.985) by two independent raters, respectively (Table 2). 

3.2. Intra-rater agreement 

All measurements had an excellent intra-rater agreement, except methods 4 and 5, which had bias (95 % CI of MD does not include 
zero) and unsatisfactory precisions (proportion of mean values ≥ 50 %) (Table 3). 

3.3. Inter-rater reliability 

Inter-rater reliability was good-to-excellent in all cases (ICCs ranging from 0.812 (0.795, 0.828) to 0.995 (0.994, 0.995)), except for 
the posterior disc material length of method 5 (ICC 0.740 (0.718, 0.761)) (Table 2). 

Subgroup analysis was performed based on the different segmental levels. A good-to-excellent inter-rater reliability was found in all 
measurements at all lumbar spine levels. However, the ICCs on using method 5 for posterior disc material length and anterior disc 
material length at the level L4-L5 were poor (ICC: 0.427 (0.418, 0.440)) and moderate (0.671 (0.607, 0.726)) (Table 2), respectively. 

Different diagnoses showed poor ICCs of DH in patients with spondylolisthesis in method 1 to method 6 (ranging from 0.384 (0.283, 
0.479) to 0.675 (0.613, 0.729)), moderate in method 7 (0.753 (0.688, 0.810)), and excellent in method 8 (0.993 (0.992, 0.995)) 
(Table 2). 

3.4. Relationship between DH (anterior, middle, and posterior DH and DHI) and Pfirrmann score 

The ANOVA test revealed no significant association between DH measures (anterior, middle, and posterior DH and DHI) and grades 
I to III in Pfirrmann scores. However, IVD levels with grades IV and V in Pfirrmann scores had significantly lower DH than IVD levels 
with grades I to III in Pfirrmann scores (Table 4). 

Table 2 (continued )  

Level/Diagnosis N Intra-rater reliability Inter-rater_ICC (95 % CI) 

Rater 1_ICC (95 % CI) Rater 2_ICC (95 % CI) 

Normal 500 0.740 (0.698, 0.777) 
All 1660 0.912 (0.901, 0.923) 0.902 (0.892, 0.915) 0.740 (0.718, 0.761) 

Method 6 L1-L2 332   0.956 (0.946, 0.964) 
L2-L3 332 0.935 (0.920, 0.948) 
L3-L4 332 0.931 (0.915, 0.944) 
L4-L5 332 0.932 (0.917, 0.945) 
L5-S1 332 0.929 (0.912, 0.942) 
Lumbar disc herniation 340 0.944 (0.926, 0.958) 
Lumbar spinal stenosis 645 0.972 (0.967, 0.976) 
Spondylolisthesis 175 0.560 (0.483, 0.629) 
Normal 500 0.918 (0.903, 0.931) 
All 1660 0.945 (0.936, 0.957) 0.927 (0.924, 0.933) 0.938 (0.932, 0.944) 

Method 7 L1-L2 332   0.948 (0.936, 0.958) 
L2-L3 332 0.856 (0.825, 0.883) 
L3-L4 332 0.968 (0.960, 0.974) 
L4-L5 332 0.706 (0.647, 0.756) 
L5-S1 332 0.827 (0.790, 0.858) 
Lumbar disc herniation 340 0.912 (0.883, 0.934) 
Lumbar spinal stenosis 645 0.962 (0.956, 0.968) 
Spondylolisthesis 175 0.753 (0.688, 0.810) 
Normal 500 0.801 (0.767, 0.830) 
All 1660 0.944 (0.936, 0.951) 0.938 (0.929, 0.946) 0.897 (0.887, 0.906) 

Method 8 L1-L2 332   0.938 (0.923, 0.949) 
L2-L3 332 0.824 (0.786, 0.856) 
L3-L4 332 0.846 (0.812, 0.874) 
L4-L5 332 0.810 (0.770, 0.844) 
Lumbar disc herniation 272 0.993 (0.990, 0.995) 
Lumbar spinal stenosis 516 0.997 (0.996, 0.997) 
Spondylolisthesis 140 0.993 (0.992, 0.995) 
Normal 400 0.993 (0.992, 0.995) 
All 1328 0.932 (0.922, 0.939) 0.922 (0.917, 0.931) 0.995 (0.994, 0.995) 

N: number of levels; ICC: Intraclass correlation coefficient; 95 % CI: 95 % confidence intervals. 
Intra-rater and inter-rater reliability were assessed by intra-class correlation coefficient (ICC) and their 95 % confidence intervals (95 % CI). The 
excellent, good, moderate, and poor reliability were presented as the values of ICC greater than 0.90, between 0.75 and 0.9, between 0.5 and 0.75, and 
less than 0.5, respectively. 
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3.5. Relationship between Pfirrmann score and clinical outcomes 

The post hoc analysis revealed no link between clinical outcomes (VAS LBP and ODI) and grades II and III in Pfirrmann scores. 
However, IVD levels with grades IV and V in Pfirrmann scores had significantly higher VAS LBP than IVD levels with grades I to III in 
Pfirrmann scores. The IVD levels with grades IV and V in Pfirrmann scores had significantly higher ODI than the IVD levels with grades 
I in Pfirrmann scores. The scores of VAS LBP and ODI exhibited a moderate to strong negative correlation with the DH in the IVD levels 
with grade IV (VAS LBP: r = − 0.311, P = 0.025; ODI: r = − 0.245, P = 0.086) and in the IVD levels with grade V (VAS LBP: r = − 0.537, 
P = 0.000; ODI: r = − 0.512, P = 0.025), respectively (Table 5). 

4. Discussion 

All DH/DHI measuring methods demonstrated good-to-excellent intra-rater and inter-rater reliability except the measurement on 
disc material. There was a significant link between the reduction of DH in different measuring methods (anterior, middle, and posterior 

Table 3 
Inter-rater measures’ agreement results based on different measurement methods on disc height.   

Level N SD Mean difference (95 % CI) 95 % LOA LOA as proportion of mean values (%) 

Method 1 L1-L2 332 5.82 − 1.59 (− 1.89, − 1.31) * − 7.18, 3.80 40.9 
L2-L3 332 5.52 − 1.79 (− 2.13, − 1.48) * − 7.43, 3.85 35 
L3-L4 332 5.82 − 1.60 (− 1.88, − 1.30) * − 6.89, 3.69 36 
L4-L5 332 5.95 − 1.40 (− 1.66, − 1.14) * − 6.03, 3.23 24 
L5-S1 332 2.36 − 1.12 (− 1.38, − 0.87) * − 5.75, 3.51 46 

Method 2 L1-L2 332 1.83 − 0.84 (− 1.05, − 0.64) * − 4.42, 2.75 35 
L2-L3 332 1.69 − 0.77 (− 0.96, − 0.06) * − 4.08, 2.54 38 
L3-L4 332 1.96 − 1.04 (− 1.26, − 0.84) * − 4.88, 2.80 40 
L4-L5 332 2.10 − 0.86 (− 1.10, 0.65) − 4.98, 3,26 46 
L5-S1 332 2.29 − 1.10 (− 1.34, − 0.86) * − 5.59, 3.39 44.5 

Method 3_ADH L1-L2 332 2.08 − 0.97 (− 1.22, − 0.76) * − 5.05, 3.11 37 
L2-L3 332 2.17 − 1.00 (− 1.25, − 0.79) * − 5.25, 3.25 48 
L3-L4 332 2.41 − 1.23 (− 1.51, − 0.99) * − 5.95, 3.49 45 
L4-L5 332 2.76 − 1.15 (− 1.45, − 0.87) * − 6.56, 4.26 35 
L5-S1 332 2.93 − 1.16 (− 1.48, − 0.83) * − 6.90, 4.58 33 

Method 3_PDH L1-L2 332 2.27 − 0.70 (− 0.95, − 0.49) * − 5.15, 3.75 63 
L2-L3 332 1.67 − 0.55 (− 0.72, − 0.37) * − 3.82, 2.72 65 
L3-L4 332 1.92 − 0.84 (− 1.06, − 0.65) * − 4.60, 2.92 72 
L4-L5 332 2.29 − 0.58 (− 0.82, − 0.33) * − 5.07, 3.91 75 
L5-S1 332 2.34 − 1.06 (− 1.33, − 0.81) * − 5.65, 3.53 72 

Method 4 L1-L2 332 2.99 − 1.37 (− 1.73, − 1.05) * − 7.23, 4.49 73 
L2-L3 332 2.88 − 1.52 (− 1.54, − 1.22) * − 7.16, 4.12 80 
L3-L4 332 2.53 − 1.27 (− 1.55, − 1.02) * − 6.23, 3.69 67 
L4-L5 332 2.76 − 1.14 (− 1.46, − 0.87) * − 6.55, 4.27 66 

Method 5_ADML L1-L2 332 3.77 − 1.70 (− 2.08, − 1.26) * − 9.09, 5.69 67 
L2-L3 332 4.68 − 1.17 (− 1.68, − 0.68) * − 10.34, 8.00 78 
L3-L4 332 3.83 − 1.72 (− 2.14, − 1.31) * − 9.23, 5.79 80 
L4-L5 332 5.31 − 1.63 (− 2.30, − 1.09) * − 11.10, 8.78 77 
L5-S1 332 4.83 − 1.04 (− 1.57, 0.51) − 10.51, 8.43 66 

Method 5_PDML L1-L2 332 2.76 − 0.13 (− 0.44, − 0.18) * − 5.53, 5.28 84 
L2-L3 332 0.77 − 0.28 (− 0.36, − 0.21) * − 1.79, 1.23 86.5 
L3-L4 332 3.15 − 1.27 (− 1.58, − 0.92) * − 7.44, 4.90 64.9 
L4-L5 332 6.01 − 1.62 (− 2.25, − 0.91) * − 13.40, 10.16 84 
L5-S1 332 2.13 − 0.49 (− 0.72, − 0.26) * − 4.66, 3.68 89 

Method 6 L1-L2 332 1.98 − 1.09 (− 1.30, − 0.87) * − 4.97, 2.79 46.1 
L2-L3 332 1.98 − 1.11 (− 1.32, − 0.91) * − 0.10, 0.06 45.7 
L3-L4 332 2.10 − 1.22 (− 1.46, − 1.01) * − 5.34, 2.90 35 
L4-L5 332 2.02 − 1.04 (− 1.27, − 0.84) * − 5.00, 2.92 40 
L5-S1 332 2.21 − 1.11 (− 1.34, − 0.87) * − 5.44, 3.22 45 

Method 7 L1-L2 332 0.22 0.00 (0.00, 0.01) * − 0.08, 0.08 49.3 
L2-L3 332 0.10 0.01 (0.00, 0.01) * − 0.03, 0.05 28.6 
L3-L4 332 0.20 0.00 (0.00, 0.01) * − 0.04, 0.04 27.6 
L4-L5 332 0.14 0.00 (0.00, 0.01) * − 0.10, 0.10 44.5 
L5-S1 332 0.07 0.00 (− 0.01, 0.01) − 0.14, 0.14 40 

Method 8 L1-L2 332 0.12 0.00 (0.00, 0.01) * − 0.08, 0.08 44.5 
L2-L3 332 0.06 0.01 (0.00, 0.01) * − 0.03, 0.05 28.6 
L3-L4 332 0.10 0.00 (0.00, 0.01) * − 0.04, 0.04 27.6 
L4-L5 332 0.08 0.00 (0.00, 0.01) * − 0.10, 0.10 44.5 

N: number of levels; SD: standard deviation; CI: confidence intervals; LOA: Limits of Agreement; ADH: anterior disc height; PDH: posterior disc height; 
ADML: anterior disc material length; PDML: posterior disc material length; * Bias was considered present if the 95 % CI did not include zero. The 
proportion lower than 50 % was regarded as an acceptable precision. 
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IVD height and DHI) and the severity of IVD degeneration (Pfirrmann grade IV and V). Clinical outcomes (VAS, LBP, and ODI) are 
linked with the severity of IVD degeneration based on Pfirrmann scores. 

The DH changes are considered the major radiological alteration associated with pathological changes in the IVD degeneration 
process and lumbar degenerative disorders. Therefore, an efficient, accurate, and reproducible DH measuring method is warranted. 
The present work first evaluated the intra-rater and inter-rater reliability and agreement on previously published measurement 
methods for lumbar DH using MRI and then assessed the relationship between different DH measuring methods and Pfirrmann scores 
of disc degeneration. A structured protocol was employed to direct the patients to the appropriate testing postures and train the raters 
based on a standard training session to reduce potential bias [27]. 

Previous research has shown that the patient’s body posture and the vertebral position during scanning, as well as the rater’s 
expertise, are potential factors influencing MRI readings [16,22,28–30]. A structured protocol for scanning and measuring might 
decrease measurement bias. The present study found good-to-excellent intra-rater reliability for all DH and DHI measuring methods on 
MRI following our measurement protocol. Several concerns have been explored as potential causes of the outcome. First, systematic 
and standard training sessions and protocols are the most important variables for reducing measurement bias. Second, the division in 
the DH and DHI measurement procedure could lessen the affection caused by vertebral position inconsistent magnification. Therefore, 
a systematic training session and a standardized and structured protocol might result in good outcomes in intra-rater reliability on 
different measurement methods. 

The agreement is used to estimate how close the results of repeated measurements provided by two raters are by evaluating the 
measurement error and variability in repeated measurements [16,31]. Bland and Altman’s LOA with error estimates were widely 
suggested as a standard statistical tool for reporting intra- and inter-rater agreement [31]. We demonstrated that the DH measurements 
in methods 4 and 5 were biased or/and out of the acceptable cut-off proportion using Bland and Altman’s LOA. A plausible reason is a 
measuring bias by indirect lines and small anatomical structures (e.g., the length of anterior disc material and the length of posterior 
disc material) on MRI in methods 4 and 5, which concur with previous findings [11,16]. 

The reproducible DH and DHI measurement method(s) on MRI was first evaluated using reliability and Bland and Altman’s LOA in 
this investigation. A good-to-excellent inter-rater reliability result was found in all measurment methods for measuring the DH and DHI 
at the lumbar spine but method 5. Meanwhile, spondylolisthesis significantly impacted the inter-rater agreement in identifying 
structural boundaries and vertebral corners. The key explanation for the poor inter-rater reliability of DH measurement in method 5 is 
measurement bias from anatomical structures. 

Disc degenerative alterations in imaging studies, including the intensity of nucleus pulposus, disc herniation, and decreased disc 
height are probable causes of LBP in the population [32]. However, there is no systematic investigation of the reliability and agreement 
on the different measuring methods for disc height loss(e.g., structural integrity and morphological changes) and potential correlations 
on the effect on clinical outcomes. To our knowledge, this study is the first to use the Pfirrmann classification to assess the relationship 
between different DH measuring methods and IVD degeneration. The present study also established a link between the severity of IVD 
degeneration and clinical outcomes. DH alterations occur during the major pathologic changes of the lumbar spine. Because of the 
limited sample size, most previously published research contradicts our results by finding no association between DH and different 
grades in Pfirrmann scores [9,33]. A previous study also reported that low DH is associated with grades IV and V in Pfirrmann scores 
[11]. 

4.1. Study limitation and future study 

Several methodological concerns must be addressed. First, potential measurement error exists, including varied scanning locations, 
training processes, measurement processes, diurnal variations, and effect of raters’ activities within its estimates of intra- and inter- 
rater reliability. A structured and standardized protocol for scanning and measuring is warranted in the future. Second, the 

Table 4 
Relationships between different measurement methods on disc height in all disc levels and the different grades of intervertebral disc degeneration 
using Pfirrmann score.   

Disc Height in Grade 
I (N = 591) (mm) 

Disc Height in Grade 
II (N = 573) (mm) 

Disc Height in Grade 
III (N = 333) (mm) 

Disc Height in 
Grade IV (N = 136) 
(mm) 

Disc Height in Grade 
V (N = 27) (mm) 

P value_Post Hoc (p <
0.05) 

Rater 1 Rater 2 Rater 1 Rater 2 Rater 1 Rater 2 Rater 1 Rater 2 Rater 1 Rater 2 

ADH 14.77 
(7.75) 

15.73 
(7.60) 

15.27 
(10.17) 

15.95 
(10) 

12.68 
(6.32) 

14.44 
(6.25) 

9.62 
(6.74) 

11.86 
(5.28) 

14.05 
(8.38) 

10.71 
(6.81) 

Pfirrmann IV and V 
compared to all other 
Pfirrmann levels MDH 12.76 

(6.42) 
14.33 
(6.14) 

12.50 
(6.14) 

13.77 
(5.93) 

10.65 
(4.98) 

12.36 
(5.03) 

8.38 
(3.98) 

10.17 
(4.25) 

6.71 
(2.12) 

7.71 
(2.86) 

PDH 9.34 
(6.11) 

10.12 
(6.18) 

8.86 
(5.28) 

9.33 
(5.14) 

7.68 
(4.08) 

8.59 
(4.25) 

6.44 
(3.96) 

7.69 
(4.26) 

13.52 
(2.60) 

9.91 
(3.12) 

Method 
7 

0.59 
(0.13) 

0.58 
(0.14) 

0.59 
(0.22) 

0.58 
(0.20) 

0.58 
(0.13) 

0.58 
(0.13) 

0.51 
(0.14) 

0.51 
(0.15) 

0.53 
(0.20) 

0.52 
(0.20) 

Method 
8 

0.51 
(0.38) 

0.51 
(0.38) 

0.56 
(0.43) 

0.56 
(0.42) 

0.79 
(0.54) 

0.79 
(0.53) 

0.79 
(0.52) 

0.79 
(0.53) 

0.73 
(0.52) 

0.73 
(0.53) 

N: number of levels; ADH: anterior disc height; MDH: middle disc height; PDH: posterior disc height; All values are mean (Standard Deviation). 
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Table 5 
Relationship between the disc height in different grade of intervertebral disc degeneration using Pfirrmann score and clinical outcomes.   

Disc Height in Grade I (N = 591) (mm) Disc Height in Grade II (N = 573) (mm) Disc Height in Grade III (N = 333) (mm) Disc Height in Grade IV (N = 136) 
(mm) 

Disc Height in Grade V (N =
27) (mm) 

P value_Post 
Hoc (p <
0.05) 

L1-L2 L2-L3 L3-L4 L4-L5 L5-S1 L1-L2 L2-L3 L3-L4 L4-L5 L5-S1 L1-L2 L2-L3 L3-L4 L4-L5 L5-S1 L1- 
L2 

L2-L3 L3-L4 L4-L5 L5-S1 L1- 
L2 

L2- 
L3 

L3- 
L4 

L4-L5 L5-S1 

VAS  
LBP 

3.82 
(1.73) 

3.89 
(1.83) 

4.11 
(1.86) 

4.01 
(1.75) 

4.04 
(1.92) 

4.25 
(1.66) 

4.38 
(1.76) 

4.57 
(1.79) 

4.69 
(1.93) 

4.65 
(1.91) 

4.3 
(1.82) 

4.29 
(1.78) 

4.20 
(1.75) 

4.42 
(1.80) 

4.49 
(1.69) 

– 4.49 
(1.93) 

4.65 
(1.91) 

4.53 
(1.72) 

4.52 
(1.80) 

– – – 4.67 
(1.32)- 

4.67 
(1.53) 

Pfirrmann 
IV and V 
compared to 
Pfirrmann I 

r = 0.038 (P = 0.729) r = − 0.041 (P = 0.711) r = − 0.065 (P = 0.584) r = − 0.311 (P = 0.025) r = − 0.537 (P = 0.000) 

ODI 21.16 
(10.11) 

21.06 
(10.98) 

22.88 
(11.69) 

22.09 
(10.75) 

22.37 
(11.54) 

24.34 
(11.01) 

24.56 
(10.34) 

26.27 
(9.98) 

26.30 
(11.65) 

27.21 
(11.14) 

24.34 
(10.44) 

25.28 
(10.23) 

24.63 
(10.27) 

26.42 
(10.03) 

24.31 
(9.63) 

– 25.76 
(10.35) 

26.58 
(11.01) 

23.96 
(10.73) 

26.93 
(10.41) 

– – – 28.44 
(7.73)- 

26.76 
(10.74) 

Pfirrmann V 
compared to 
Pfirrmann I r = 0.041 (P = 0.716) r = − 0.056 (P = 0.664) r = − 0.61 (P = 0.593) r = − 0.245 (P = 0.086) R = − 0.512 (P = 0.000) 

N: number of levels; VAS: Visual Analogue Scale; LBP: low back pain; ODI: Oswestry Disability Index; mm: millimetre; All values are mean (Standard Deviation). 
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different definitions for acceptable precision of the LOA range influenced the final results. Third, the subgroup analysis based on age 
and sex was missing due to the small sample size in each subgroup, potentially influencing the link between DH and IVD degeneration. 
Finally, a direct comparison of DHI ratio values using previously published measurement methods is required. 

5. Conclusion 

A good-to-excellent intra- and inter-rater reliability on DH could be achieved in most measurement methods using MRI following a 
structured protocol. However, caution should be exercised while measuring indirect lines and small anatomical structures on MRI and 
designating anatomical landmarks. Spondylolisthesis influences inter-rater agreement on different measuring methods. The DH 
measurements differ solely from grades IV and V in the Pfirrmann classification. Severe IVD degeneration is related to pain and 
disability. 
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