
 

 

INTRODUCTION 
 Nucleotomy is a surgical procedure following herniation and 
also simulates the reduced nucleus pulpousus (NP) pressure that 
occurs with disc degeneration. Internal disc strains are an 
important factor in disc function, yet it is unclear how internal 
strains are affected by nucleotomy. We previously developed a 
technique to acquire internal disc strains within the lamellae of the 
annulus fibrosus (AF) using MRI and image registration 
techniques [1]. Following techniques in neuroimaging [2], strains 
were then transformed to an anatomical template to minimize the 
effects of individual variability, and the strain components across 
several disc regions were determined for physiological axial 
compression loading [3]. Here, we use these techniques to explore 
the internal strain following partial nucleotomy for compressive 
axial loading, evaluating both on the incision side and uninjured 
side. Findings from this study could inform the residual effects of 
the nucleotomy procedure as a surgical intervention and the 
degenerative changes in the disc linked to loss of NP pressure.  
METHODS 
 Specimen Preparation: Grade II L3-L4 human cadaveric discs 
(n=6) were analyzed intact and after a partial nucleotomy that 
removed 30-50% (by weight) of the NP through a left 
posterolateral incision. Specimens were rehydrated in 1X PBS 
overnight at 4ºC before mechanical testing commenced. Figure 1 
shows a mid-transverse image of a disc after partial nucleotomy 
with a left posterolateral incision (incision) while the right side is 
intact (uninjured). Remaining NP material reconstituted during 
rehydration, filling the disc space. 

 
Figure 1. Mid-transverse view of a cadaveric disc post-nucleotomy 

procedure through a left incision leaving the right side intact. 
 

 Mechanical Testing and Image Acquisition: Two cycles of 
stress-relaxation testing were performed for reference and loaded 
configurations. For the reference configuration, axial displacement 
increased until an instantaneous compressive load of 50 N was 
obtained, and this reference displacement was then held for a 3 
hour relaxation period. The loaded configuration followed, where 
axial displacement increased until an instantaneous 0.7 MPa load 
was obtained. Then, this loaded displacement was held for an 8 
hour relaxation period. After each relaxation period, the reference 
and loaded discs were imaged separately at 0.3 mm isotropic 
resolution in a 7T MRI scanner. Only the lateral half of the disc 
closest to the radiofrequency coil was used for analysis because the 
signal-to-noise ratio decreased with increasing distance from the 
coil. Thus, the uninjured and incision sides of the disc were 
scanned separately to ensure sufficient MR signal for analysis. 
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 Data Analysis: Advanced Normalization Tools (ANTs) were 
used to register the reference and loaded images prior to 
calculating internal strain within the AF lamellae. The discs were 
spatially normalized (averaged) to create separate anatomical 
templates for each condition: intact, uninjured and incision. 
Circumferential (EC), radial (ER) and axial (EZ) strains for each 
individual disc were transformed to their respective templates. 
Each template was divided into thirds through the transverse plane, 
and five regions were defined within the middle third: anterior (A), 
anterolateral (AL), lateral (L), posterolateral (PL), and posterior 
(P). The effect of nucleotomy was compared on the uninjured and 
incision sides, and intact [3] using a repeated measure ANOVA 
with a Holm-Sidak post-hoc test. All marked results have p < 0.05 
significance.  
RESULTS  
 Disc nucleotomy with a left posterolateral incision site altered 
disc strains on both the incision and uninjured sides from the intact 
state as viewed from the strain templates of circumferential (EC), 
radial (ER), and axial (EZ) strains (Figure 2). Strain fields were 
inhomogeneous through the five regions shown qualitatively in 
Figure 2 for a representative sample and quantitatively in Figure 3 
with pooled data (n=6).  
 Mean Circumferential Strain varied from 3.5 to 5.8% 
throughout the intact AF and was unaffected by nucleotomy on the 
uninjured side. Circumferential strain decreased on the incision 
side, ranging from 1.6 to 2.4% and was significantly lower in all 
regions except posterolateral.  
 Mean Radial Strain varied from 3.8% and 6.5% in the intact 
AF and there was no difference with nucleotomy on either the 
uninjured or incision side. While not significant, the strain did 
decrease to approximately 3% in the anterior, anterolateral, and 
lateral AF on both sides. 
 Mean Axial Strain varied between -13% and -20% in the 
intact AF. Following nucleotomy, the strains in the uninjured side 
increased in magnitude to approximately -24% in all regions 
except anterior. The incision side exhibited similar strains to intact. 

 

  
Figure 2. Strain templates for intact, uninjured and incision sides 
show changes in circumferential (EC), radial (ER) and axial (EZ) 

strains. Strains, divided into five regions, are more heterogeneous 
in the incision and uninjured discs compared to intact.  

 
Figure 3. Mean circumferential, radial and axial strains of intact, 

uninjured and incision discs (n=6/group) with 95% confidence 
intervals. Circumferential and axial strains were most affected by 

partial nucleotomy treatment. 
 

DISCUSSION 
 The effects of nucleotomy on discs undergoing axial 
compression were successfully determined using templates of 
internal disc strain through the AF lamellae. We found nucleotomy 
intervention alters disc structural and mechanical states compared 
to intact discs and these changes were different depending on the 
side with the incision. Axial strains were greater on the uninjured 
side of the AF. Tools used in nucleotomy procedures allow easier 
NP removal from the side opposite the incision; thus, this lack of 
NP material on the uninjured side may leave only the AF to resist 
the compressive load. Circumferential strains were lower on the 
incision side of the AF, where the large AF defect likely prevented 
the AF from supporting hoop stresses.  
 This study used a partial nucleotomy procedure, which 
reduced NP pressure, to measure alterations in disc mechanics with 
regards to (1) degenerative changes in the disc and (2) the AF 
incision inherent to the intervention. These findings are important 
to address etiology and progression of degeneration, and to 
develop and evaluate therapeutic interventions 
ACKNOWLEDGEMENT 
 Study was funded by NIH R01AR05005. 
REFERENCES  
[1] Yoder, JH et al., J Biomech Eng, 136(11):10.1115, 2014. [2] 
Lancaster JL, et al., Hum Brain Mapp, 28(11):1194-205, 2007. [3] 
Showalter, BL et al., J Orthop Res, published online 01/08/2016, 
doi:10.1002/jor.23137. 

A AL L PL P
0

2

4

6

8

10

Pe
rc

en
t S

tr
ai

n

CIRCUMFERENTIAL Strain

A AL L PL P
0

3

6

9

12

Pe
rc

en
t S

tr
ai

n

RADIAL Strain

A AL L PL P

-30

-20

-10

0

Pe
rc

en
t S

tr
ai

n

AXIAL Strain

Nucleotomy: UNINJURED SideINTACT Nucleotomy: INCISION Side


