Medical Journal of Babylon-Vol. 8- No. 2  -2011              2011                    مجلة بابل الطبية- المجلد الثامن - العدد الثاني- 



Abstract

Background: Magnetic resonances imaging (MRI) is reliable in evaluation of lumbar disc degeneration, however there is a variation in grading of degeneration. Aim of the study is to measure observer variability in assessing degeneration using a grading system. 

Patients and methods: Tow radiologist assessed degeneration of 150 lumbar discs of 30 patients (21 male & 9 female) by  evaluating MRI examinations, using a grading system after some modifications in nomenclature. Intraobserver and interobserver agreements were measured using weighted Kappa statistic. 
Results:  Intraobserver agreement ranged from moderate (kappa of 0.55)  to very good (kappa of 0.87) while interobserver agreement ranged from moderate (Kappa 0.46)  to good (kappa of 0.76). Main disagreement were between severe and moderate grads of degeneration while best consensus was obtained in normal discs.

Conclusion: Moderate to very good agreement obtained in application of our grading system. Disagreement may be reduced by proper and more frequent use & increasing familiarity. However, further studies with larger sample and among more observers may be still required for the system to be practically applicable.

الخلاصة
مقدمة: إن فحص الرنين المغناطيسي من الفحوصات المعتمدة في تقييم انحلال الأقراص القطنية لكن قد توجد درجة من التفاوت عند تقييم رتبة هذا الانحلال. تهدف هذه الدراسة إلى تقييم هذا التفاوت باستخدام نظام خاص بتحديد رتبة التحلل.

المرضى والطريقة: قام طبيبان اختصاصيان بالأشعة التشخيصية بتقييم الانحلال في 150 قرص قطني في صور الرنين المغناطيسي لثلاثين مريض (21 ذكور و 9 نساء)  متبعين نظاما خاصا بتحديد الرتبة. تم قياس التوافق في نفس المراقب الواحد من جهة (بين قراءتين في زمنين مختلفين)  وبين كلا المراقبين من جهة أخرى باستخدام قياس كابا الإحصائي.

النتائج: تراوح التوافق بين نتائج التقييم للطبيب نفسه من متوسط إلى جيد جدا بينما التوافق بين نتائج لكلا الطبيبين فقد تراوح من متوسط إلى جيد (نتائج كابا: 0.55 , 0.87 , 0.46 ,0.76 على التوالي). عدم التوافق في التقييم كان أكثره بين رتبتي الانحلال المتوسطة والشديدة بينما أعلى تطابق حصل بين الرتب الطبيعية.

الاستنتاج: وجدت الدراسة توافقا تراوح عموما من متوسط إلى جيد جدا في تقييم الانحلال عند تطبيق نظام خاص في تحديد رتبة الانحلال. يمكن تقليل نسبة عدم التوافق من خلال الاستخدام الصحيح والمتكرر لهذا النظام ومع ذلك فان الدراسة تنصح بإجراء دراسات أخرى على عينات أكثر وبين مراقبين أكثر لكي يصبح النظام عمليا وقابل للتطبيق.
ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ

Introduction
D

egeneration of intervertebral disc (IVD) is a common spinal disease & potential cause for chronic back pain [1,2]. During degeneration there are a variety of morphological changes that occur in IVD, including lose of both height and hydration of the disc [3,4]. 

     MRI (magnetic resonance imaging) has significantly advanced the evaluation of the spine and is currently considered as the most accurate noninvasive modality in imaging of degenerative disc disease [5, 6].

   It had been shown that a drop in water content of nucleus pulposus and matrix turnover are related to the age and grade of degeneration[4] and the signal characteristics of the disk in T2-weighted sequence reflect changes caused by aging or degeneration and the loss of brightness in degenerated discs is attributed to a decrease in the water content [7] 

  A standardized nomenclature in the assessment of disc alterations is a prerequisite for comparison of data from different investigations [8] 
   According to a Kettler and Wilkes's review[9], many morphologic grading systems had been proposed for evaluation of lumbar IVD degeneration using such characteristics of signal and height of the disc. 

Aim of Study

   To evaluate interobserver and intraobserver reliability of a modified system in grading lumbar disc degeneration.

Patients and Methods

 Thirty MRI examinations of lumbar spine with a total of 150 IVD were randomly selected and included in this study. All examination were done by the same MRI device (Siemens Symphony 1.5 T). T2-weighted sagittal images were used for evaluation of degeneration. We use a modified grading system from that adopted by Pfirrmann's et al [8], table -1-. Modification was mainly in combining both grade I and II in one grade that is "normal" (because both considered as normal in most grading systems) then re-naming the remaining three grades (III, IV and V) into mild, moderate and severe grades respectively (figures -1- and -2-).

Table 1 Classification of Disc Degeneration by Pfirrmann's et al [8]

	Grade
	Structure


	Distinction of

Nucleus and Anulus
	Signal Intensity
	Height of Intervertebral Disc

	I
	Homogeneous bright white
	Clear
	Hyperintense, isointense to cerebrospinal fluid


	Normal



	II
	Inhomogeneous with or

without horizontal bands


	Clear
	Hyperintense, isointense to cerebrospinal fluid


	Normal



	III


	Inhomogeneous, gray
	Unclear
	Intermediate
	Normal to slightly decreased

	IV
	Inhomogeneous, gray to black
	Lost
	Intermediate to hypointense
	Normal to moderately decreased

	V


	Inhomogeneous, black
	Lost
	Hypointense
	Collapsed disc space


Two board-certified radiologists (A and B) reviewed the examinations and asked to evaluate the  discs and grade degeneration according to the our modified system. About two weeks later, they re-grade the same 150 lumbar discs again without revising their previous reports. An interrater reliability analysis (both intraobserver and  interobserver) was performed using the weighted Kappa statistic in SPSS to determine consistency and agreement among raters.

Interpretation of Kappa measurements was according to  Altman's [10] as follow: 
· Poor agreement = Less than 0.20

· Fair agreement = 0.20 to 0.39

· Moderate agreement = 0.40 to 0.59

· Good agreement = 0.60 to 0.79

· Very good agreement = 0.80 to 1.0.
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Results 

  One hundred and fifty discs in lumbar MRI examinations of 30 patients (21 men & 9 women) with mean age of 42.7 years (with SD of 11.76) were subjected to weighted Kappa statistical analysis.

  The agreement and disagreement between inter- and intraobserver readings of both raters (rater A and rater B) were classified into 4 categories as in tables 2, 3, 4 and 5.

 Kappa results and consensus in different grades of all categories were summarized in table 6.

1- Interobserver reliability:

   a-First review (A1 - B1): agreement was moderate (Kappa was 0.46 with asymptomatic standard error of 0.047)

   b-Second review  (A2 - B2): agreement was good (kappa was 0.76 with asymptomatic standard error of 0.042) 

2-Intraobserver reliability:

  a-First rater: (A1- A2) agreement was moderate (Kappa was 0.55 with asymptomatic standard error of 0.049) 

  b-Second rater  (B1- B2): agreement was very good (kappa was 0.87 with asymptomatic standard error of 0.033)

  The best Kappa result (very good) was the intraobserver agreement of the second rater (B1 –B2) and lesser (good) was the interobserver in second review (A2- B2) while least (moderate) were the first review interobserver (A1-B1) and first rater intraobserver (A1-A2) agreements.

Table 2 First review interobserver (A1- B1) agreement and disagreement in different grades.

	
	
	B1

	A1
	
	NORMAL
	MILD
	MOERATE
	SEVERE
	TOTAL

	
	NORMAL
	65
	3
	0
	0
	68

	
	MILD
	2
	15
	3
	0
	20

	
	MODERATE
	0
	12
	24
	8
	44

	
	SEVERE
	1
	1
	7
	9
	18

	
	TOTAL
	68
	31
	34
	17
	150


Table 3 second review interobserver (A2 - B2) agreement and disagreement in different grades.

	
	
	B2

	A2
	
	NORMAL
	MILD
	MOERATE
	SEVERE
	TOTAL

	
	NORMAL
	64
	1
	0
	0
	65

	
	MILD
	3
	24
	4
	0
	31

	
	MODERATE
	1
	5
	26
	5
	37

	
	SEVERE
	0
	1
	5
	11
	17

	
	TOTAL
	68
	31
	35
	16
	150


Table 4 First rater intraobserver (A1 - A2) agreement and disagreement in different grades.

	
	
	A1

	A2
	
	NORMAL
	MILD
	MOERATE
	SEVERE
	TOTAL

	
	NORMAL
	61
	4
	0
	0
	65

	
	MILD
	7
	11
	11
	2
	31

	
	MODERATE
	0
	4
	24
	9
	37

	
	SEVERE
	0
	1
	9
	7
	17

	
	TOTAL
	68
	20
	44
	18
	150


Table 5 Second rater intraobserver (B1 - B2) agreement and disagreement in different grades.

	
	
	B1

	B2
	
	NORMAL
	MILD
	MOERATE
	SEVERE
	TOTAL

	
	NORMAL
	68
	0
	0
	0
	68

	
	MILD
	0
	28
	3
	0
	31

	
	MODERATE
	0
	3
	28
	4
	35

	
	SEVERE
	0
	0
	3
	13
	16

	
	TOTAL
	68
	31
	34
	17
	


Table 6 Kappa results and consensus between interobserver and intraobserver readings for each category.

	Agreement
	A1 – B1
	A2 – B2
	A1 – A2
	B1 – B2

	Normal 
	65 *(95.5%)
	64 (98%)
	61 (90%)
	68 (100%)

	Mild 
	15 (75%)
	24 (77%)
	11 (55%)
	28 (90%)

	Moderate 
	24 (54.5%)
	26 (70%)
	24 (54.5%)
	28 (82%)

	Severe
	9 (50%)
	11 (65%)
	7 (39%)
	13 (76%)

	Kappa
	0.46
	0.76
	0.55
	0.87


Discussion

   The gross morphological changes in the individual lumbar disc tissues associated with degeneration were shown to be consistent with specific changes in the characteristics of the MRI, particularly T2 images [11], which can be considered as an effective technique for evaluating these changes and may be a sensitive indicator of proteoglycan content of the disc [12]. It had been found that the interpretation of general lumbar spine MR characteristics has sufficient reliability [13], however, grading of disc degeneration on MRI is commonly subjected to variation when assessed by different readers. 

   Pfirrmann's et al proposed a classification system for gross morphology of the lumbar intervertebral disc[8. Their grading system was an extension of the preliminary work by Pearce et al. [7,14]. and reported to be  comprehensive, with intra- and interobserver reliability sufficient to discriminate between the different grades  and therefore provides a standardized and reliable assessment of MRI disc morphology for research and clinical purposes. 

  In our study, the modification was not in the disc characterization details but mainly in nomenclature by combining grade I and II in single group of normal, because we found that both are normal regard age of patient hence it will be reasonable to assign these discs as normal rather than giving a grade of degeneration to a normal one. In addition, some of the available grading systems did not include these normal discs at all [9]. We also re-named  grades III, IV and V into mild, moderate and severe grades respectively because we thought that terms will better express the disc state and transfer more obvious information to the recipient than merely numbered grades.

  By applying this modified grading system in our study, an accepted inter- and intraobserver reliabilities were obtained ranging from moderate to very good kappa agreements. 

  Agreement was best between two readings of  B-radiologist (intraobserver B1-B2) with very good reliability kappa result. 

  Although interobserver reliability was less in first review (A 1–B1) with Kappa of moderate agreement, it improved in second review (A2 –B2), where good Kappa agreement was obtained. This indicates an improvement of reliability and consensus in the second reading, which can be attributed to the increasing familiarity in using our grading system, as both radiologists were not used to apply such system in their routine reporting of lumbar disc degeneration.

 Interobserver agreement was generally lower than intraobserver agreement and this was nearly consistent with that of Raininko R, et al [15], while better intraobserver and lesser interobserver results than Griffith JF, et al modified system [16].

  Compared to Pfirrmann's et al, they found that the main disagreement was between grades I and II and between III and IV[8]. In our study, regarding I & II grades,  because we combined both in one grade of "normal" we did not face such disagreement and in opposite, we found high consensus in normal grades ranging from  90- 100% (table 6) between raters in both inter- and intraobserver reviews. 

  Regarding mild and moderate grades (which correspond to III and IV respectively) as in figure -1- and -2-, we faced lesser disagreement, with average of 21% of interobserver disagreement in first review (A1- B1) reduced to 13% in second review (A2 –B2), The intraobserver disagreements were 23% and 9% in first (A1-A2) and second (B1- B2) raters respectively.

   By contrast to Pfirrmann's, we found that the main disagreement was between moderate and severe grades (which correspond to IV and V) with averages of interobserver disagreement of  28.6% and 21%  in first (A1 –B1), and second (A2 –B2) reviews respectively, while intraobserver disagreements between these grades were 39% and 15% in first (A1-A2) & second (B1-B2) raters respectively.

   This difference in disagreement between our study and Pfirrmann's might be because our raters concentrated more on signal abnormalities than on height in assessment of grades, so when revising the grading system (table 1), we found that by signal changes and distinction of annulus from nucleus, it is easily to discriminate between III and IV (mild-moderate) but signal changes became less helpful between IV and V (moderate and severe) because distinction is lost in both, while height of disc now plays more important role because the disc is collapsed in severest grade (V), as in figure 2. 

   Therefore we think that these disagreements will be much lesser by properly combining both signal and height abnormalities when assessing grade of a disc, and not to depend on either. Also disagreements may be further reduced by strict and frequent use of the system to be more familiar with it in the daily routine practice. 

Conclusion

  Moderate to very good interobserver and intraobserver reliability in grading lumbar disc degeneration on MRI can be obtained by using a slightly modified grading system. Disagreement in some grads may be reduced by proper and more frequent implication of the system with increasing familiarity in its use. Further studies among more raters and in a larger sample are suggested so that the system can be recommended for clinical use and becomes practically applicable.
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Figure 2 Tow sagittal T2 weighted images of lumbar spine MRI showing normal L1-2 & L2-3, moderate L3-4 &L5-S1 & severe L4-5 discs degeneration. 


Note  the marked reduction of L4-5 disc height.





Figure 1 Tow sagittal T2 weighted images of lumbar spine MRI showing mild degeneration  in L4-5 and L5-S1 with normal L1-2, L2-3 and L3-4 discs. 
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