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  The Effects of Age, Sex, Ethnicity, and Spinal Level 
on the Rate of Intervertebral Disc Degeneration 

  A Review of 1712 Intervertebral Discs  

     Krzysztof   Siemionow   ,   MD  ,  *        Howard   An   ,   MD  ,  *        Koichi   Masuda   ,   MD  ,  †        Gunnar   Andersson   ,   MD  ,   PhD  ,  *    and 
    Gabriella   Cs-Szabo   ,   PhD    ‡   

   Study Design.   A gross anatomic and magnetic resonance imaging 
study of intervertebral disc (IVD) degeneration in fresh cadaveric 
lumbar spines.  
  Objective.   The purpose of this study was to fi nd the rate of IVD 
degeneration.  
  Summary of Background Data.   Age, sex, race, and lumbar level 
are among some of the factors that play a role in IVD degeneration. 
The rate at which IVDs degenerate is unknown.  
  Methods.   Complete lumbar spine segments (T11/T12 to S1) were 
received within 24 hours of death. The nucleus pulposus, anulus 
fi brosus, cartilaginous and bony endplate, and the peripheral 
vertebral body were assessed with magnetic resonance imaging 
and IVD degeneration was graded by two observers from grade 1 
(nondegenerated) to grade 5 (severely degenerated) on the basis 
of a scale developed by Tanaka  et al . The specimens were then 
sectioned and gross anatomic evaluation was performed according 
to Thompson  et al .  
  Results.   A total of 433 donors and 1712 IVDs were analyzed. 
There were 366 whites, 47 Africans, 16 Hispanics, 4 Asian. There 
were 306 male and 127 female donors. The age range was 14 to 81 
years, (average: 60.5  ±  11.3). For donors greater than age 40, the 
L5/S1 IVD degenerated at a signifi cantly faster rate of 0.043 per year 
compared to 0.031, 0.034, 0.033, 0.027 for L1/L2, L2/L3, L3/L4, L4/
L5, respectively. For donors younger than 40, L5/S1 IVD degenerated 
at a signifi cantly faster rate of 0.141/y compared to 0.033, 0.021, 
0.031, 0.050 for L1/L2, L2/L3, L3/L4, L4/L5, respectively. Multiple 

 Intervertebral disc (IVD) degeneration is believed to be-
gin as early as the second decade of life, and is viewed by 
most as an inevitable consequence of ageing.  1   –   3   The IVD 

comprises a centrally located nucleus pulposus (NP) core, the 
peripherally located multilaminar anulus fi brosus (AF), and 
cartilaginous endplates. 

 It has been shown that IVD degeneration originates in the 
NP, with a decrease in proteoglycan content and type II col-
lagen synthesis, while there is an increase in denaturation of 
type II collagen and synthesis of type I collagen.  4   –   8   As the NP 
loses its osmotic properties, which leads to fi brosis, the NP 
cannot transmit forces effi ciently, thus initiating the degenera-
tive cascade that affects the AF and the whole disc. 

 Several authors have shown IVD degeneration to be as-
sociated with ethnicity, smoking, and vertebral level.  9   –   15   IVD 
degeneration is commonly graded by using the Thompson 
classifi cation, which uses a fi ve-category grading scheme for 
assessing gross morphology of midsagittal sections of human 
lumbar IVD.  16   Tanaka  et al  have shown a high correlation be-
tween magnetic resonance (MR) images of IVD degeneration 
and the Thompson grade on gross morphologic inspection 
with the reported  κ  value as high as 0.9.  17   

 There are multiple reports which correlate age with disc 
degeneration.  1   ,   5   However; there are no studies reporting the 
“rate” at which each IVD level degenerates in people with no 
prior history of spinal problems. Knowing the rate of IVD de-
generation has an important prognostic value. Furthermore, 
having a noninvasive means of assessing IVD degeneration, 
which closely correlates with the gross morphologic grade, 
would further enhance the usefulness of such a diagnostic ex-
amination. The purpose of this study was to fi nd the rate of 
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regression analysis revealed that sex had no signifi cant effect on IVD 
degeneration whereas African ethnicity was associated with lower 
Thompson score at L1/L2, L2/L3, L3/L4, L4/L5 when compared with 
whites.   
  Conclusion.   The relatively early degeneration at L5–S1 in all races 
and lower Thompson grade in donors of African ethnicity needs 
further investigation. Factors such as sagittal alignment, facet joint 
arthritis, and genetics potentially play a role in IVD degeneration.   
  Key words:   age  ,   degeneration  ,   ethnicity  ,   intervertebral disc  ,   rate.     
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IVD degeneration at each lumbar level by using MR imaging 
and gross macroscopic evaluation. 

  MATERIALS AND METHODS 

  Donor Population 
 Spine segments were harvested by and received from the Gift 
of Hope Organ and Tissue Donor Network after obtaining 
consent from the families. All the individuals had died of acute 
causes such as acute trauma, acute poisoning, cerebral bleed-
ing, sepsis or myocardial infarction. None of the individuals 
had a history of a relevant back problem ( e.g. , previous in-hos-
pital treatment, surgery, or invalidity) in their medical reports 
(available at autopsy). Furthermore, the donors’ families were 
questioned regarding any spine-related history. Specimens 
with a prior history of spine related problems were excluded 
from this study. Demographic data including age, sex, and 
ethnicity as well as the donors’ cause of death were obtained. 
The Gift of Hope Organ and Tissue Donor Network uses an 
observation based three-point scale to assess donor weight. 
Donors are classifi ed as underweight, normal, or overweight. 

   Donor Samples  

 Complete lumbar spine segments (T11/12–S1) were received 
within 24 hours of death of the donor. The segments included 
the entire spinal column as well as the surrounding muscles 
and ligaments. Each of the lumbar segments subsequently 
underwent MR imaging. Specimens that were found to have 
fractures, excessive osteophytes (precluding opening of the 
joint), or other signs of a pathologic process were excluded 
from this analysis. The vertebral column was then sectioned 
with a saw in a sagittal plane 5 mm from the midline. The NP, 
AF, cartilaginous and bony endplate, and the peripheral verte-
bral body were evaluated macroscopically by two observers.   

  Sample Analyses 

   Gross Specimen Evaluation  

 The NP, AF, cartilaginous and bony endplate, and the periph-
eral vertebral body were assessed macroscopically and IVD 
degeneration was graded by two observers from grade 1 (non-
degenerated) to grade 5 (severely degenerated) on the basis of 
a scale developed by Thompson  et al .  16    

   Magnetic Resonance Image Evaluation  

 MR images were taken using a Siemens  Magnetom Vision 
(Siemens AG, Munich, Germany) at 1.5 T. The operational 
modes employed were T1-weighted spin echo sequences (TR 
500 milliseconds, TE 20 milliseconds) and T2-weighted spin 
echo sequences (TR 3200 milliseconds, TE 160 milliseconds). 
The NP, AF, cartilaginous and bony endplate, and the pe-
ripheral vertebral body were assessed by MR imaging and 
IVD degeneration was graded by two observers from grade 
1 (normal), grade 2 (mild disc degeneration), grade 3 (moder-
ate disc degeneration), grades 4 (severe) and 5 (severe with 
osteophytes > 2 mm) using a modifi cation of the scale devel-
oped by Thompson  et al .  16   Any discrepancy between the MR 

imaging-based grade and the macroscopic Thompson grade 
was recorded and those samples showing a different grade by 
these two methods were excluded from this study.   

  Statistical Analyses 
 Age, sex, and ethnicity of the donor and degeneration grade 
for each IVD were recorded and used for statistical analysis. 
Statistical analysis was performed using simple and multiple 
linear regression as well as simple mean comparisons using 
analysis of variance and Student  t  tests. Simple comparisons 
using student  t  test and analysis of variance were used to es-
tablish the differences between age (independent variable) and 
IVD degeneration in males and females, and various ethnici-
ties. The donors were also grouped according to decades. Lin-
ear regression was used to establish the rate of IVD degenera-
tion for each level, as well as, to analyze the differences in IVD 
degeneration between the various decades. The observational 
weight scale was not used for statistical analysis.   

  RESULTS 
 Cadaveric lumbar spine segments of 433 donors and 1712 
IVDs were used for analysis. There were 366 whites, 47 
blacks, 16 Hispanics, 4 Asian, among the donors of which 
306 were males and 127 were females. The age range was 
14 to 81 years, average age was 60.5  ±  11.3 years ( Table 1 ).  

 The average Thompson grade by age and spinal level is 
presented in  Table 2 . Degeneration grade increased as one 
proceeded caudally down the spinal column. There was a 
statistically signifi cant difference between L1/L2 and L4/L5 
( P   <  0.0001).  

 There was a statistically signifi cant difference in Thompson 
grade observed between L2/L3 and L4/L5 ( P   <  0.0001); be-
tween L3/L4 and L4/L5 ( P   <  0.0001); between L4/L5 and L5/
S1 ( P   <  0.034) and between L1/L2 and L3/L4 ( P   =  0.023). 

 TABLE 1.     Donor Demographics    
Total Donors 433

 Men 306

 Women 127

Average age

 Men 59.13  ±  12.5

 Women 61.02  ±  10.6

Age range 14–81

IVD analyzed 1712

Overweight 93

Normal weight 340

African 47

Asian 4

White 366

Hispanic 16
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 The average Thompson grade by decade is presented in 
 Table 3 , and the differences in Thompson grades between de-
cades are presented in  Table 4 . Increase in the degeneration 
grade was observed with increasing age of the donor, and sta-
tistically signifi cant differences were found between every pair 
of age groups compared, except for decades V and IV, II and 
III, III and IV, and III and V.   

 The average Thompson grade by spinal level and decade is 
presented in  Table 5 . There was no statistically signifi cant dif-
ference in IVD Thompson grade between spinal levels within 
any decade.  

  Rate of Age-Related IVD Degeneration Per 
Spinal Level 
 Regression analysis revealed that age indeed predicted deteri-
oration at all lumbar levels; however, the rate of degeneration 
was dependent on the level of the IVD in the spinal column 
( Table 6 ). For donors over the age of 40, the L5/S1 IVD de-
generated at a signifi cantly faster rate of 0.043 per year when 
compared to 0.031, 0.034, 0.033, and 0.027 for L1/L2, L2/
L3, L3/L4, and L4/L5, respectively. There was no statistical 
difference in the rate of IVD degeneration when comparing 
L1/L2, L2/L3, L3/L4, and L4/L5. For donors under the age 
of 40, the L5/S1 IVD degenerated at a signifi cantly faster rate 
of 0.141 per year when compared to 0.033, 0.021, 0.031, 
and 0.050 for L1/L2, L2/L3, L3/L4, and L4/L5, respectively. 
There was a statistically signifi cant difference in the rate of 
IVD degeneration between donors under 40 years and those 
over 40 years at the L2/L3, L4/L5, and L5/S1 level.   

  Sex and IVD Degeneration Relationship for Each 
Spinal Level 
 Sex, age, and Thompson grade are presented in  Table 7 . The 
comparison in Thompson grades between males and females 

for each spinal level is presented in  Table 8 . There was no sta-
tistical difference between males and females in degeneration 
grades at any lumbar level ( P  > 0.05).    

  Ethnicity and IVD Degeneration Relationship for Each 
Spinal Level 
 Age, ethnicity, and mean Thompson grade are presented in 
 Table 9 . Comparison between ethnicities and mean Thomp-
son grades revealed a signifi cant difference between whites 
and Africans, as shown in  Table 10 . There was no differ-
ence between the remaining ethnicities—white/Asian; white/
Hispanic; African/Asian; African/Hispanic; Asian/Hispanic. 
There  was a statistically signifi cant difference between white 
and African ethnicities in IVD degeneration at the L2/L3 
( P   =  0.021), L3/L4 ( P   =  0.006), and L4/L5 ( P   =  0.013) 
levels, with African ethnicity being associated with having a 
lower Thompson grade. There was no difference between the 
ethnicities in the Thompson grades at the L1/L2 ( P   =  0.0507) 
and L5/S1 ( P   =  0.39) levels ( Table 11 ).       

  DISCUSSION 
 In this study we were able to correlate IVD degeneration on 
the basis of MR imaging and gross morphologic examination 
with the age, sex, and ethnicity of the donor as well as the 
position of the IVD in the lumbar spine. We demonstrated a 
direct relationship between the age of the donor and the grade 
of IVD degeneration, and determined the rate of degeneration 
in IVDs of each level of the lumbar spine. Interestingly, the 
rate of degeneration per year was faster in the L5/S1 IVD rela-
tive to other lumbar segments. The difference was even more 
profound in the 14 to 40-age group, although the sample size 
was small. 

 One of the reasons that the rate of IVD degeneration is 
highest at the L5/S1 motion segment is secondary to the 
high magnitude of compressive forces seen at the lumbosa-
cral junction.  18   Furthermore, anterior shear forces at the L5/
S1 motion segment increase proportionally with increasing 
sacral angle.  18   ,   19   Anterior and posterior disc postural loads, 
which are balanced at T8–T9, show the greatest difference 
at L5/S1.  19   IVD degeneration in the lumbar spine has been 
shown to be associated with motion.  17   Furthermore, it has 

 TABLE 2.     Average Thompson Grade and Age by 
Spinal Level   

Level
Mean Thompson 

Grade Mean Age No. of IVD

L1/L2 2.79  ±  0.85 60.3  ±  11.7 401

L2/L3 2.80  ±  0.84 60.5  ±  11.5 433

L3/L4 2.86  ±  0.81 60.4  ±  11.5 435

L4/L5 2.99  ±  0.86 60.2  ±  11.7 363

L5/S1 2.93  ±  0.97 61.0  ±  11.8 80

  There was a statistically signifi cant difference between L1/2 and L4/5 
( P   <  0.0001). 

 There was a statistically signifi cant difference between L2/3 and L4/5 
( P   <  0.0001). 

 There was a statistically signifi cant difference between L3/4 and L4/5 
( P   <  0.0001). 

 There was a statistically signifi cant difference between L4/5 and L5/S1 
( P   <  0.034). 

 There was a statistically signifi cant difference between L1/2 and L3/4 
( P   =  0.023).  

 TABLE 3.     Average Thompson Grade by Decade   

Decade N

Mean 
Thompson 

Grade SD SEM
Lower 
95%

Upper 
95%

II 4 1.38 0.91 0.45 –0.06 2.84

III 6 1.83 0.54 0.22 1.26 2.40

IV 12 2.17 0.27 0.08 1.99 2.34

V 46 2.28 0.48 0.07 2.13 2.42

VI 129 2.72 0.56 0.04 2.63 2.82

VII 142 3.00 0.65 0.05 2.90 3.11

VIII 91 3.32 0.60 0.06 3.20 3.45
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 TABLE 4.     Comparison in Thomson Grade Between Decades Using Student  t  Test   

Decade (1) Decade (2)

Difference in 
Mean Thomson 

Grade SE Difference Lower CL Upper CL  P  

VIII II 1.94 0.30 1.34 2.53  < 0.0001*

VII II 1.62 0.30 1.03 2.21  < 0.0001*

VIII III 1.49 0.24 1.00 1.98  < 0.0001*

VI II 1.34 0.30 0.74 1.93  < 0.0001*

VII III 1.17 0.24 0.68 1.66  < 0.0001*

VIII IV 1.15 0.18 0.80 1.51  < 0.0001*

VIII V 1.04 0.10 0.83 1.25  < 0.0001*

VI III 0.89 0.24 0.40 1.38 0.0003*

V II 0.89 0.30 0.28 1.49 0.0041*

VII IV 0.83 0.17 0.48 1.18  < 0.0001*

IV II 0.78 0.34 0.11 1.45 0.0225*

VII V 0.72 0.10 0.53 0.92  < 0.0001*

VIII VI 0.59 0.08 0.44 0.75  < 0.0001*

VI IV 0.55 0.17 0.20 0.90 0.0019*

VI V 0.44 0.10 0.24 0.64  < 0.0001*

V III 0.44 0.25 –0.05 0.95 0.0830

III II 0.44 0.38 –0.30 1.19 0.2445

IV III 0.33 0.29 –0.24 0.91 0.2553

VIII VII 0.31 0.08 0.16 0.47  < 0.0001*

VII VI 0.27 0.07 0.13 0.42 0.0001*

V IV 0.10 0.19 –0.26 0.48 0.5692

  *P < 0.05. 

 CL indicates control limit.  

 TABLE 5.     Average Thompson Grade by Spinal Level and Decade   
Level 10–20 21–30 31–40 41–50 51–60 61–70 71–80

L1/L2 1.25  ±  0.5 
(n  =  4)

1.91  ±  0.66 
(n  =  12)

2.0  ±  0.0 
(n  =  11)

2.21  ±  0.55 
(n  =  39)

2.7  ±  0.83 
(n  =  115)

2.87  ±  0.80 
(n  =  135)

3.19  ±  0.79 
(n  =  86)

L2/L3 1.5  ±  1.0 
(n  =  4)

2.0  ±  0.42 
(n  =  12)

2.0  ±  0.0 
(n  =  11)

2.11  ±  0.48 
(n  =  42)

2.68  ±  0.78 
(n  =  127)

2.90  ±  0.80 
(n  =  144)

3.23  ±  0.74 
(n  =  94)

L3/L4 1.5  ±  1.0 
(n  =  4)

2.25  ±  0.62 
(n  =  12)

2.18  ±  0.4 
(n  =  11)

2.22  ±  0.60 
(n  =  42)

2.73  ±  0.72 
(n  =  127)

2.95  ±  0.76 
(n  =  144)

3.29  ±  0.79 
(n  =  93)

L4/L5 1.5  ±  1.0 
(n  =  4)

2.25  ±  0.75 
(n  =  12)

2.33  ±  0.5 
(n  =  9)

2.41  ±  0.68 
(n  =  33)

2.83  ±  0.79 
(n  =  112)

3.16  ±  0.80 
(n  =  120)

3.27  ±  0.87 
(n  =  72)

L5/S1 1.00  ±  1.0 
(n  =  1)

2.0  ±  1.41 
(n  =  2)

(n  =  0) 2.22  ±  0.44 
(n  =  9)

2.56  ±  0.79 
(n  =  24)

3.13  ±  0.86 
(n  =  23)

3.54  ±  0.96 
(n  =  22)

17 50 42 165 505 566 367

  There was no statistically signifi cant difference in Thompson grade between L1/L2, L2/L3, L3/L4, L4/L5, and L5/S1 for any decade.  
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with aging and increasing grade of degeneration.  5   Adult de-
generative NP cells produced signifi cantly higher amounts 
of proteoglycans, collagens, and aggrecan when compared 
with adolescent cells. These fi ndings suggest that human 
NP cells are involved in repairing and replacing diminish-
ing ECM during age-related degeneration.  5   ,   6   It can therefore 
be postulated that after the fi fth decade, IVD cannot repair 
and replace the ECM as effi ciently as IVD in the third and 
fourth decades leading to a progressive, linear degeneration 
in the NP. 

 To the best of our knowledge this is the largest series of 
cadaver spines that underwent both MR imaging and gross 
morphologic evaluation at a single institution. It should be 
noted that there was no history of spinal conditions in any 
of the donors allowing us to report on the natural history of 
IVD degeneration. 

 There are many studies that assess IVD degeneration using 
MR imaging. This is a safe and reproducible way of judging 
not only IVD degeneration but also neural compression. MR 
imaging closely refl ects the degenerative changes noted in the 
IVD on gross morphologic examination. Previously, Tanaka 
 et al  evaluated both MR images and cryomicrotome sections 
using Thompson’s classifi cations, and found no statistical dif-
ference between the IVD degeneration grades on the basis of 
the two types of images.  17   However, 13 of 14 discs that were 
assigned to grade I based on cryomicrotome sections were as-
signed to grade II based on MR images. The authors con-
cluded that MR images refl ect the morphologic changes in 
degeneration of the IVD except for early grades I and II. 

 Using a fi ve grade scale, based on T2 weighted sequence 
MR imaging, Boos  et al  prospectively observed 46 asymp-
tomatic individuals during a 5-year follow-up period, and 
reported that IVD degeneration progressed in 17 (41.5%) of 
41 patients.  13   In a cross-sectional MR imaging study of lum-
bar IVD degeneration in 200 healthy individuals aged 30 to 
55 years, Kanayama  et al  reported that age was a signifi cant 
risk factor when examining any disc level except L5/S1.  22   
Over half of the subjects had moderate IVD degeneration 
at baseline at the L4/L5 and L5/S1 levels. Other parameters 
(episode of low back pain, smoking status, body mass index, 
and hours of standing/sitting) were not found to be signifi -
cantly related to disc degeneration. In our study we noted a 

been shown that the proliferation of IVD cells, the formation 
of clefts and tears, and both mucoid and granular matrix de-
generation, are statistically associated with aging and/or IVD 
degeneration.  3   ,   7   ,   8   There is a direct correlation between IVD 
matrix metalloproteinases expression and age, with aging 
IVDs containing more matrix metalloproteinases-producing 
cells.  3   These IVDs may therefore show a higher breakdown 
of collagenous matrix molecules.  3   The increased compressive 
loads seen at L5/S1 may trigger a more robust increase in ma-
trix metalloproteinases leading to an increased rate of IVD 
degradation. Thus, we propose that it is because of all the 
earlier-mentioned factors that L5/S1 IVDs showed a statis-
tically higher rate of degeneration when compared to other 
levels. Reporting on pooled data from three studies using the 
Nachemson scale, Ashton-Miller  et al  reported no difference 
in degeneration grades between the L3/L4, L4/L5, and L5/S1 
levels.  20   ,   21   The authors also reported that the L5/S1 disc does 
not degenerate before the L3/L4 disc. In contrast to the pres-
ent study, the donors’ clinical history was not available in the 
Ashton-Miller review. Therefore, no conclusions about the 
natural history of IVD degeneration can be made. 

 It would appear that there is a direct linear relationship 
between IVD degeneration and age after the fi fth decade. 
Multiple regression analysis demonstrated that IVD degen-
eration plateaued during the third and fourth decades and 
then increased steadily after the fi fth decade. This relation-
ship was observed at every level. Antoniou  et al  demonstrated 
that synthesis of type II collagen in the NP tissues dropped 

 TABLE 6.     Regression Analysis of Rate of 
Intervertebral Disc Degeneration by 
Level and Age    

Level

Rate of IVD 
Degeneration Per 
Year in Donors 

(14–40 yrs)

Rate of IVD 
Degeneration Per 
Year in Donors 

(41–80 yr)
No. of 
IVD

L1/L2 0.033 (n  =  27) 0.031 (n  =  404) 401

L2/L3 0.021 (n  =  27) 0.034* (n  =  406) 433

L3/L4 0.031 (n  =  27) 0.033 (n  =  405) 435

L4/L5* 0.050 (n  =  25) 0.027* (n  =  345) 363

L5/S1* 0.141 (n  =  3) 0.043* (n  =  77) 80

  The difference between L4/L5 and L5/S1 was signifi cant for both the 14- to 
40-year group and the 41- to 80-year group ( P   <  0.05). The difference be-
tween the 14- to 40-year group and the 41- to 80-year group was signifi cant 
at L2/L3, L4/L5, and L5/S1 ( P   <  0.05).  

 TABLE 8.     Grade of Intervertebral Disc 
Degeneration by Sex and Level   

Level
Thompson 

Grade in Males

Thompson 
Grade in 
Females No. of IVD

L1/L2 2.77  ±  0.83 2.71  ±  0.82 401

L2/L3 2.81  ±  0.83 2.76  ±  0.81 433

L3/L4 2.88  ±  0.8 2.79  ±  0.82 435

L4/L5 2.99  ±  0.82 2.91  ±  0.94 363

L5/S1 2.92  ±  0.91 2.8  ±  1.10 80

 TABLE 7.     Age, Sex, and Thompson Grade   

Sex N
Mean 
Age SD

Mean Thompson 
Grade SD

Female 127 59.13 12.5 2.81 0.70

Male 306 61.02 10.6 2.87 0.67

   P  > 0.05.  
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 TABLE 9.     Ethnicity, Age, and Mean Thompson Grade   

Ethnicity N Mean Age SD
Mean 

Thompson Grade SD SEM Lower 95% Upper 95%

African 47 59.6 9.0 2.60 0.56 0.08 2.4 2.7

Asian 4 54.0 22.0 2.48 1.03 0.51 0.8 4.1

White 366 60.7 11.1 2.89 0.68 0.03 2.8 2.9

Hispanic 16 59.6 13.9 2.72 0.77 0.20 2.2 3.1

 TABLE 10.     Comparison Between Ethnicities and Mean Thompson Grade   
Ethnicity (1) Ethnicity (2) Difference SE Difference Lower CL Upper CL  P 

White Asian 0.41 0.34 –0.26 1.08 0.23

White African 0.28 0.10 0.070 0.50 0.0094*

Hispanic Asian 0.24 0.38 –0.51 1.00 0.52

White Hispanic 0.16 0.18 –0.19 0.53 0.37

African Asian 0.12 0.35 –0.57 0.82 0.72

Hispanic African 0.12 0.20 –0.29 0.53 0.56

   P  > 0.05 for age.  

  CL indicates control limit.  

 TABLE 11.      Grade of Intervertebral Disc 
Degeneration by Ethnicity and Level   

Level
Thompson Grade 

in Whites
Thompson Grade 

in Africans

L1/L2* 2.80  ±  0.82 (n  =  334) 2.54  ±  0.84 (n  =  42)

L2/L3* 2.84  ±  0.84 (n  =  362) 2.54  ±  0.70 (n  =  46)

L3/L4* 2.91  ±  0.80 (n  =  361) 2.56  ±  0.73 (n  =  46)

L4/L5* 3.01  ±  0.86 (n  =  303) 2.65  ±  0.62 (n  =  38)

L5/S1 2.98  ±  0.97 (n  =  63) 2.50  ±  0.70 (n  =  13)

  *Statistically signifi cant difference ( P   <  0.05).  

These authors excluded L1/L2 and L5/S1 from their analysis 
and used one examiner to review all the available images. 

 One of the drawbacks of this study was related to the har-
vesting technique, which often sectioned the spine through the 
L5/S1 disc space reducing the amount of L5/S1 IVDs available 
for analysis to 80. This was especially evident when samples 
were analyzed by decade and there were no L5/S1 specimens 
in the 31- to 40-age range available for analysis. 

 In this study, IVD degeneration was infl uenced by ethnicity 
at L1/L2, L2/L3, L3/L4, and L4/L5 levels, but not at the L5/S1 
level. Although IVD degeneration is multifactorial, genetics cer-
tainly plays a role.  23   The Tt and the tt genotypes of Taq I poly-
morphism of the vitamin D receptor gene have been associated 
with IVD degeneration.  14   ,   23   ,   24   This association was shown in 
a Finnish study examining 85 pairs of monozygotic twins be-
tween the ages of 39 and 69 years.  24   In a Japanese study exam-
ining 205 Japanese volunteers and patients between the ages 
of 20 and 29 years, the Tt genotype was more frequently as-
sociated with multilevel disc disease, severe disc degeneration, 
and disc herniation than the TT genotype.  14   The frequency of 
this “risk t-allele” is signifi cantly different between the three 
major ethnic populations, and is found in 8% of Asians, 31% 
of Africans, and 43% in whites.  25   Gruber  et al  demonstrated a 
relationship between ethnicity and IVD cell proliferation, with 
advanced age and Middle Eastern ethnicity resulting in poorer 
proliferative ability of cultured cells.  15   We suspect that the lack 
of difference in grades of IVD degeneration between ethnicities 
at the L5/S1 level is a result of the high forces that this motion 
segment sees in all ethnic groups. The higher frequency of the 
“risk t-allele” in whites may partially explain the higher IVD 
grades seen in this population in our study.  

signifi cant correlation between IVD degeneration and age at 
every level, with L5/S1 demonstrating the highest rates and 
grades of IVD degeneration. 

 Smoking data were not available in this analysis, howev-
er, some authors reported that smoking has not been shown 
to have an effect on the prevalence of IVD degeneration.  13   ,   22   
Other authors found both smoking, and obesity as detrimental 
factors for lumbar IVD degeneration.  9   –   12   All of these studies 
evaluated subjects in a narrow age range. Battie  et al  used 
MR imaging to study pairs of identical twins highly discor-
dant for cigarette smoking, and reported 18% greater mean 
IVD degeneration scores in the lumbar spines of smokers than 
nonsmokers.  9   Liuke  et al , also studied the association between 
being overweight and having lumbar IVD degeneration in 129 
working middle-aged men and showed that body mass index 
of 25 or more increased the risk of lumbar IVD degeneration.  12   
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  CONCLUSIONS 
 The rate of IVD degeneration in donors with no history of 
spine problems was highest at L5/S1, most likely due to the 
high forces seen at this motion segment. The relatively early 
degeneration at L5/S1 in all ethnicities needs further investiga-
tion. Other factors such as sagittal alignment, facet joint arthri-
tis, and genetic predisposition play a role in IVD degeneration.   

     9.        Battie   M   , et al.    Volvo 1991 Volvo Award in clinical sciences. 
Smoking and lumbar intervertebral disc degeneration: an MRI 
study of identical twins .  Spine   1991 ; 16 : 1015 – 21 .   

     10.        Carragee   E   ,    Alamin   T   ,    Cheng   I   , et al.    Are fi rst-time episodes of 
serious LBP associated with new MRI fi ndings?   Spine J   2006 ; 6 : 
624 – 35 .  

     11.        Hangai   M   ,    Kaneoka   K   ,    Kuno   S   , et al.    Factors associated with 
lumbar intervertebral disc degeneration in the elderly .  Spine J  
 2008 ; 8 : 732 – 40 .   

     12.        Liuke   M   ,    Solovieva   S   ,    Lamminen   A   , et al.    Disc degeneration of 
the lumbar spine in relation to overweight .  Int J Obes (Lond)  
 2005 ; 29 : 903 – 8 .  

     13.        Boos   N   ,    Semmer   N   ,    Elfering   A   , et al.    Natural history of individuals 
with asymptomatic disc abnormalities in magnetic resonance imag-
ing: predictors of low back pain-related medical consultation and 
work incapacity .  Spine   2000 ; 25 : 1484 – 92 .  

     14.        Kawaguchi   Y   ,    Kanamori   M   ,    Ishihara   H   , et al.    The association of 
lumbar disc disease with vitamin-D receptor gene polymorphism . 
 J Bone Joint Surg Am   2002 ; 84-A ( 11 ): 2022 – 8 .  

     15.        Gruber   H   ,    Leslie   K   ,    Norton   HJ   , et al.    Demographic factors that 
infl uence human disc cell proliferation  in vitro  .  Spine J   2006 ; 6 ( 2 ): 
120 – 4 .  

     16.        Thompson   J   ,    Pearce   RH   ,    Schechter   MT   , et al.    Preliminary evalua-
tion of a scheme for grading the gross morphology of the human 
intervertebral disc .  Spine   1990 ; 15 : 411 – 15 .  

     17.        Tanaka   N   ,    An   HS   ,    Lim   TH   , et al.    The relationship between disc 
degeneration and fl exibility of the lumbar spine .  Spine J   2001 ; 1 ( 1 ): 
47 – 56 .  

     18.        Oxland   T   .  Biomechanics of the L5/S1 junction and the effect of 
spondylolisthesis and spondyloptosis . In:    Harms   J   ,    Sturz   H   , eds. 
 Severe Spondylolisthesis .  Heidelberg, Germany :  Springer ;  2002 : 
53 – 66 .   

     19.        Keller   T   ,    Colloca   CJ   ,    Harrison   DE   , et al.    Infl uence of spine mor-
phology on intervertebral disc loads and stresses in asymptomatic 
adults: implications for the ideal spine .  Spine J   2005 ; 5 ( 3 ): 297 – 309 .  

     20.        Miller   J   ,    Schmatz   C   ,    Schultz   A   .  Lumbar disc degeneration: correla-
tion with age, sex, and spine level in 600 autopsy specimens .  Spine  
 1988 ; 13 ( 2 ): 173 – 8 .   

     21.        Nachemson   A   .  Lumbar intradiscal pressure. Experimental stud-
ies on post-mortem material .  Acta Orthop Scand Suppl   1960 ; 43 : 
1 – 104 .  

     22.        Kanayama   M   ,    Togawa   D   ,    Takahashi   C   , et al.    Cross-sectional mag-
netic resonance imaging study of lumbar disc degeneration in 200 
healthy individuals .  J Neurosurg Spine   2009 ; 11 ( 4 ): 501 – 7 .  

     23.        Cheung   K   ,    Chan   D   ,    Karppinen   J   , et al.    Association of the Taq I 
allele in vitamin D receptor with degenerative disc disease and disc 
bulge in Chinese .  Spine   2006 ; 31 : 1143 – 8 .   

     24.        Videman   T   ,    Leppävuori   J   ,    Kaprio   J   ,  et al.   Intragenic polymorphisms 
of the vitamin D receptor gene associated with intervertebral disc 
degeneration .  Spine (Phila Pa 1976)   1998 ; 23 ( 23 ): 2477 – 85 .  

     25.        Uitterlinden   A   ,    Fang   Y   ,    Van Meurs   JB   , et al.    Genetics and biology 
of vitamin D receptor polymorphisms .  Gene   2004 ; 338 ( 2 ): 143 – 56 .   

  References  
     1.        Boos   N   ,    Weissbach   S   ,    Rohrbach   H   , et al.    Classifi cation of age-

related changes in lumbar intervertebral discs: 2002 Volvo Award 
in basic science .  Spine   2002 ; 27 ( 23 ): 2631 – 44 .  

     2.        Miller   J   ,    Schmatz   C   ,    Schultz   A   .  Lumbar disc degeneration: 
correlation with age, sex, and spine level in 600 autopsy specimens . 
 Spine   1988 ; 13 : 173 – 8 .  

     3.        Weiler   C   ,    Nerlich   AG   ,    Zipperer   J   , et al.    2002 SSE Award Competition 
in Basic Science: expression of major matrix metalloproteinases is 
associated with intervertebral disc degradation and resorption .  Eur 
Spine J   2002 ; 11 ( 4 ): 308 – 20 .   

     4.        Adler   J   ,    Schoenbaum   M   ,    Silberberg   R   .  Early onset of disk 
degeneration and spondylosis in sand rats (Psammomys obesus) . 
 Vet Pathol   1983 ; 20 : 13 – 22 .  

     5.        Antoniou   J   ,    Steffen   T   ,    Nelson   F   , et al.    The human lumbar interverte-
bral disc: evidence for changes in the biosynthesis and denaturation 
of the extracellular matrix with growth, maturation, ageing, and 
degeneration .  J Clin Invest   1996 ; 98 : 996 – 1003 .   

     6.        Yang   S   ,    Lin   CC   ,    Hu   MH   , et al.    Infl uence of age-related degenera-
tion on regenerative potential of human nucleus pulposus cells . 
 J Orthop Res   2010 ; 28 ( 3 ): 379 – 83 .  

     7.        Singh   K   ,    Masuda   K   ,    Thonar   EJ   , et al.    Age-related changes in the 
extracellular matrix of nucleus pulposus and anulus fi brosus of 
human intervertebral disc .  Spine (Phila Pa 1976)   2009 ; 34 ( 1 ): 10 – 6 .  

     8.        Cs-Szabo   G   ,    Ragasa-San Juan   D   ,    Turumella   V   , et al.    Changes in 
mRNA and protein levels of proteoglycans of the anulus fi brosus 
and nucleus pulposus during intervertebral disc degeneration .  Spine 
(Phila Pa 1976)   2002 ; 27 ( 20 ): 2212 – 19 .  

  ➢  Key Points 

            The rate of IVD degeneration was highest at L5/S1.  
          The rate of IVD degeneration was higher at L5/S1 for 

donors younger than 40 then those older than 40.  
          Donors of African ethnicity had a lower rate of IVD 

degeneration when compared with whites.    
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