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ABSTRACT

Objective: The aim of the study was to assess the relationship between the expression of elastin, collagen type I, ILIIIl and the degenera-
tion of the facet joint capsule and the ligamentum flavum.

Methods: 10 patients (4 male, 6 female) (mean age 61 + 14,9) undergoing surgery for degenerative lumbar spine syndrome and 5 cadav-
ers (3 male, 2 female) (age of death 87 + 8,6 years) were included in this study. One set of tissue samples was taken from each patient
in the patient group intraoperatively and two sets of samples were taken from each cadaver in the cadaver group posthumosly from the
ligamentum flavum (medial and lateral) and from the facet joint capsules (superior and inferior articular process) at the L4/5 segment.
Western blot analysis was performed for collagen types I, II, III and for elastin. Disc degeneration was scored according to the Pfirmann
Classification, facet joint arthrosis was scored according to the Fujiwara Classification and their relationship with protein expression
was investigated.

Results: There was a strong expression of Collagen type I'in the patient group (PG) compared to the body donor group (BDG) in the facet
joint capsule (FJC) and in the lateral samples of the ligamentum flavum. Samples of the FJC showed lower expression of elastin in the PG
compared with the BDG, but without statistical significance. An increased expression of collagen type I compared to elastin in the PG
could be shown. In contrast, elastin predominated in the samples of the BDG group compared to collagen type I (collagen type I/ elastin
PG: PAsup 2,78; PAinf 2,61; LFmed 2,23; 225 LFlat 1,83; BDG: PAsup 0,15; PAinf 0,2; LFmed 0,2; LFlat 0,27). Rank correlation coefficient
according to Spearman showed low to moderate correlations for collagen type I, I and elastin for the degree of disc degeneration accord-

ing to Pfirrmann and the degree of facet joint osteoarthritis according to Fujiwara, all of them without statistical significance.

Conclusion: This study has shown us that in the context of degenerative changes of the lumbar spine, there is an increased expression of

collagen type I and a dominance over elastin.

Level of Evidence: Level 111, Diagnostic Study

Introduction

Lumbar degenerative disease is a wide clinical picture
and results in frequent physician consultations with
low back pain, leg pain, or neurogenic claudication.

Degeneration of a lumbar segment begins with
changes in the intervertebral disc with loss of water
content and bulging of the annulus. In the second
stage, the collapse of the disc space, there is a decrease
in the height of the intervertebral space and the for-
mation of osteophytes. Shortening of the ventral col-
umn results in a higher axial load on the facet joints.
This leads to arthritic changes in the facet joints with
joint hypertrophy and the formation of osteophytes.
Furthermore, hypertrophy of the ligamentum flavum
(LF) takes place.!

These degenerative changes may result in lumbar
spinal stenosis (LSS) of the spinal canal or the lateral
recesses.

Considering the LF and its role in the formation of
this clinical picture, different researches have been
done so far on the origin of LF hypertrophy.

The LF is a posterior structure of the vertebral column
and connects the laminae of the adjacent vertebrae
to each other. It contains collagen fibers and elastic
fibers.? Degenerative changes with disc bulking and
hyperplasia of the facet joints leads to LF in-folding,
hypertrophy, and fibrosis.

The LF is made of elastin and collagen fibers in a 2 :
1 ratio. Fetus LF consists of 75% of elastic fibers. The
elastin fibers provide the elasticity, while the collagen
fibers provide the stiffness and stability.

The LF can be divided into 2 layers: the superficial
layer as a light-yellow structure on the outer side
and the thinner deep layer with a dark yellow color
adjacent to the dura that contains much more elas-
tic fibers.® In non-hypertrophied LF, the elastic fibers
have a strict parallel order.*

Regardless of LF hypertrophy, the collagen types I, III,
VI, and VIII are highly expressed at mRNA level in LF.
In addition, a moderate correlation between the cross-
sectional area of the LF and the mRNA expression level
of collagen types I, III, and VI could be found.® As life
progresses, the ratio of elastin to collagen decreases
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in the dorsal side of the LF, resulting in reduced elasticity.® Higher
mechanical load at the dorsal side of LF is considered to be the cause of
the loss of elastic fibers over time. These age-related changes of the LF
lead to a reduction of elastic fibers, a loosening of their angular orienta-
tion of the fibers, and a regional substitution with collagen fibers.

Little is known about the molecular changes of the facet joints during
the degeneration process. The facet joints are surrounded by a capsu-
lar ligament that is divided into 2 layers. The outer layer of the capsule
contains parallel arranged fibers in a strong connective tissue and is
classified as facet joint capsule ligament (FCL). The inner layer of the
facet joint capsule (FJC) consists of soft connective tissue with yellow
fibers. A clear separation of this inner layer from the LF of the spinal
canal is difficult.” The facet joint complex allows an articulation with
6 degrees of freedom during motion.® To resist the strong tensile and
shear loads acting on the facet joint, the FCL is composed of collagen
fiber bundles, especially collagen type I and elastin.®** In immunohis-
tochemical analysis of the dorsal FJC, collagen I, II, III, and VI could be
found in patients who underwent spine surgery at the segment L.4/5."

To date, it has not been investigated if patients with degenerative
lumbar spine disease requiring surgery show changes in the compo-
sition of collagen I, II, or III or elastin in the area of the FJC and LF
compared to people without known spinal disease.

The aim of this study was to evaluate the possible differences in col-
lagen and elastin production of the FJC and the LF between patients
who underwent surgery due to degenerative lumbar spine disease
and human body donors.

Materials and Methods

To investigate the research question, 2 study groups consisting of
a patient group (PG) and a control group with body donors (BDG)
were formed. The study was approved by the local ethics commit-
tee (AZ 443-15-21122015) and was performed in accordance with the
Declaration of Helsinki.

Patient population

A total of 10 patients who underwent lumbar spine surgery (4 males,
6 females) could be included in this study. All patients underwent
spine surgery because of degenerative lumbar spine syndrome (e.g.,
spinal canal stenosis (LSS), osteochondrosis, neuroforaminal ste-
nosis, degenerative spondylolisthesis). We classified the degree of
degenerative lumbar spine disease based on preoperative performed
magnetic resonance imaging (MRI) of the lumbar spine to Pfirrmann
and Fujiwara classification (Figures 1 and 2). Human probes of
around 2 g were taken intraoperatively during a single-segment

HIGHLIGHTS

The difference in composition of collagen I, II, III or elastin in patients with
and without degenerative lumbar spinal disease has not been investigated.
The aim of this study was to evaluate the possible differences in collagen and
elastin production of the facet joint capsules and ligamentum flavum between
patients who underwent surgery due to degenerative lumbar spine disease
and human body donors.

+  Significant collagen type I expression in facet joint capsule and ligamentum
flavum of patients group was observed, although the difference was not sig-
nificant for collagen type III and elastin.

A change in the proteins of the extracellular matrix of the FJC and the LF with
an increase in collagen type I and a decrease in elastin seems to play a cen-
tral role in degeneration. Moreover, the results of this study provide further
evidence that degenerative changes occur also in the dorsal structures of the
lower lumbar spine.

Figure 1. Magnetic resonance imaging (T2 sequence) with axial view of the
segment L4/5. Blue arrow shows the hypertrophy of the facet joint with type 3
classification according to Fujiwara. White arrow shows the ligamentum flavum
with hypertrophy.

transforaminal interbody fusion (TLIF) of the segment L4/5 of the
lumbar spine (Figure 3). One sample of the FJC of the superior and
inferior articular process and one medial and one lateral sample of
the LF were obtained for each examinee.

Consent for sample collection and use was obtained using an
informed consent form in accordance with the ethics vote of the
Leipzig University Medical Faculty (AZ 443-15-21122015). Exclusion
criteria were age < 18 years, pregnancy, previous lumbar spine sur-
gery, and inflammatory-infectious, rheumatic, or neoplastic disease.
There was no selection for age or sex.

Human body donor group

The human BDG was used as a control group in this study. In total, 5
human body donors could be included (3 males, 2 females). Two sets
of samples were obtained from the segment L4/L5, 1 on the right and
1 on left side (n=10).

Figure 2. Magnetic resonance imaging (T2 sequence) with sagittal view of the
lumbar spine. White arrow points to the intervertebral disc of the segment L.4/5.
Degenerative changes are classified as type 3 according to Pfirrmann.
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Figure 3. Lateral plane x-ray postoperative. The posterior stabilization of L4/5 and
the interbody fusion in TLIF technique is seen. TLIF, transforaminal interbody
fusion.

No one had relevant previous lumbar disease. All body donors gave
their signed consent for exploring their cadavers for research and
educational purposes, before passing away. Institutional approval
was obtained in accordance with the Saxonian Death and Funeral
Act of 1994. Signed body donor consents are available on request.
Exclusion criteria were age < 18 years, previous lumbar spine sur-
gery, destroying lumbar spine disease as well as unattended postmor-
tem state not to exceed 3 days.

Tissue samples obtained were standardized according to the sam-
pling of the operative TLIF technique from the articular capsules of
the facet joints and the medial and lateral LF from all included body
donors. Additionally, the tissue samples could be obtained from the
direct surrounding tissue of the spinal nerve at the neuroforamen.

The body donor probes were proceeded as done for the patient
probes and described in detail in the following section.

Tissue sample processing of the patients group and the human
body donor group

Liquid nitrogen was added to the tissue samples. Then, the probes
were prepared in a fragmented state and suspended in 200-400 pL
of single concentrated sample buffer. Between all steps, the samples
were placed on ice. This was followed by 3 homogenization steps
each for 10 seconds. The samples were then heated to 70°C for 20
minutes and centrifuged at 4°C for 15 minutes at 13 000 rpm. The
supernatants were pipetted off and stored at —80°C. For collagen type
I and type III, a protein amount of 20 ug and for collagen type II and
elastin, a protein amount of 10 pg showed the best results of detec-
tion in pretests.

Protein determination

The Pierce BCA Protein Assay Kit (Thermo Scientific™ Pierce™ BCA
Protein Assay Kit, Schwerte, Germany) was used for protein determi-
nation. Blank and bovine serum albumin (BSA) standard series were
plotted as duplicate samples and each tissue sample was plotted as
a single sample, resulting in 25 measurements for the patient group
and 50 measurements for the BDG. Per well, 25 pL of standard or

sample to be analyzed and 200 pL of BCA reagent (BCA reagent A
and B 50: 1 ratio) were applied. Sample buffer was used as blank. The
BSA standard series was prepared using the enclosed BSA standard
ampoules with a concentration of 2 mg/mL. The sample suspensions
were used diluted 1 : 5 with sample buffer.

After addition of the BCA reagent, incubation followed at 37°C
for 30 minutes. Protein concentrations were then measured using
Biochrom's EZ Read 400 Microplate Reader (Biochrom™) at a wave-
length of 562 nm.

Western blotting

Proteins were separated by electrophoresis on sodium dodecyl sulfa
te-polyacrylamide gel electrophoresis and electro-transferred to poly-
vinylidene difluoride membrane (Trans-Blot® Turbo™V1.02 Transfer
System, Bio-Rad Laboratories GmbH; Feldkirchen, Germany).
The antibodies used in this study were listed here: anti-collagen
I (ab34710, Abcam, Cambridge, UK), anti-collagen II (ab85266,
Abcam), anti-collagen III (ab7778, Abcam), and anti-elastin (ab21610,
Abcam). Membranes were then washed with phosphate-buffered
saline and incubated with secondary antibodies peroxidase-conj
ugated goat anti-rabbit IgG (PI-1000, Abcam).

Total protein normalization was performed using Ponceau S staining for
all samples tested. Immediately following protein transfer to the nitro-
cellulose membrane, the membrane was stained with Ponceau S and
photographed. All measured target proteins were then related to the
measured total protein amount of the corresponding Ponceau S image.

Magnetic resonance imaging analysis

Preoperative MRI scans of the operated patients were evaluated
according to 2 criteria. Disc degeneration in the L4/L5 segment was
scored according to the Pfirrmann classification. The degree of facet
joint arthrosis in the L4/L5 segment was classified according to
Fujiwara. The analysis was performed by a senior spine surgeon and
a junior resident in orthopedics. The agreement was 100%.

Statistical analysis

Graphs and analyses were generated using Graph Pad Prism software 7
(GraphPad Software, La Jolla, Calif, USA) and Excel (Microsoft Excel).
Data are presented as mean =+ standard deviation. The significance of
the average of both groups was tested using the unpaired t-test for nor-
mal distribution, and the Mann-Whitney U test was performed in case
of non-normal distribution of the values. The significance level was set
at P < 0.05. To augment the significance test, the effect size Cohen's
d was determined for all mean differences (d > 10.8I: strong effect, d
between 10.51 and 10.81: medium effect). To clarify the relationship
between collagen type I and elastin, collagen type I/elastin ratios were
calculated for each sample location of both study groups.

Spearman's rank correlation coefficient was performed for correla-
tion analysis of the degree of degeneration according to Pfirrmann
and Fujiwara classification in the preoperative MRI image with the
corrected protein amount of the target proteins in the tissue probes.
The interpretation of Spearman’s correlation coeflicients was per-
formed according to Chan.™

Results
Consecutively, a total of 10 patients who underwent lumbar spine

surgery (4 males, 6 females) could be included in this study (n=10).
The mean age was 61 + 14.9 years (range 37, 44-81 years).
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Table 1. Patientrelated descriptive data of all investigated probes

Patient Group Body Donor Group
No. of patients 10 5
Gender (ratio male : female) 4:6 3:2
Age (years, mean + standard deviation) 61+ 14.9 87 + 8.6

Table 2. Graduation of degenerative changes based on magnetic resonance
imaging of patient group according to Pfirrmann and Fujiwara classification

Pfirrmann classification (n) Fujiwara classification (n)

Type 1 0 0
Type 2 0 1
Type 3 1 7
Type 4 7 2
Type 5 2 -

In total, 5 human body donors could be included (3 males, 2 females).
Two sets of samples were obtained from the segment L4/L5, 1 on
the right and 1 on the left side (n=10). The mean age of the body
donors at the time of death was 87 + 8.6 years (range 22, 74-96 years).
Descriptive data are shown in Table 1.

To evaluate the degree of degeneration of the operated L4/5 seg-
ments in the patient group, the sagittal and transverse MRI images
of the region were classified according to Pfirrmann and Fujiwara.
Pfirrmann classification in the PG was distributed as follows: type
3, n=1; type 4, n=7; type 5, n=2. The Fujiwara Classification was
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graduated as follows: type 2, n=1; type 3, n=7; type 4, n=2 (Table 2)
(Figures 1 and 2).

Using Western blot analysis, all samples were analyzed for 4 target
proteins: collagen type I, collagen type II, collagen type III, and elas-
tin. Collagen type I and type III as well as elastin could be detected in
all samples investigated. Detection of collagen type II was only suc-
cessful in 23 of 93 samples.

Collagen type I

Collagen type I showed a strong expression in the PG compared with
the samples from the BDG group. In the samples of the FJC of the
superior and inferior articular processes (PAsup and PAinf), signifi-
cantly more collagen type I was detected in the PG than in the BDG.
For both groups, there was a strong effect size of d > 0.8 (PAsup:
d=1.4; PAinf: d=1.7). The LF samples also showed a higher expres-
sion of collagen type I in the PG compared with the BDG, but it was
only significant in the probes of the LFlat. For both sample localiza-
tions, large effect sizes could be calculated with d > 0.8 (LFmed:
d=1.0; LFlat: d=1.3) for the mean differences of collagen type I
expression (Figure 4A) (Table 3).

Collagen type II
In total, the expression of collagen type II was very low in all exam-
ined samples regardless of the group. Overall, only 8 of 50 samples
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Figure 4. A-D. Western blot analyses with relative protein levels normalized to Ponceau S are shown for (A) collagen type I, (B) collagen type III, (C) elastin, (D) ratio of

collagen type I to elastin for the patient group (PG) and the body donor group (BDG).
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Table 3. Effect size (Cohen’s d) to measure the strength of relationship of the mean
results between both sample groups (PG and BDG)

PAsup (d) PAinf (d) LFmed (d) LFlat (d)
Collagen type I 1.4 1.7 1.0 1.3
Collagen type III 0.5 -0.1 0.5 0.5
Elastin -0.9 -0.9 -0.5 -0.7

in the BDG and 14 of 50 samples in the PG showed an expression of
collagen II. A further statistical analysis of the detected protein levels
was not performed.

Collagen type III

The expression of collagen type III was low in all samples. In the joint
capsules of the vertebral joints (PAsup, PAinf), no relevant differ-
ences in collagen type III expression between the study groups could
be shown. Collagen type III distribution in the samples of LF (LFmed,
LFlat) showed the tendency to decrease in samples of BDG. The study
was not significant and showed only medium effect sizes. The effect
sizes of d=0.5 for samples of PAsup, LFmed, and LFlat indicate an
intermediate effect and effect sizes of d=-0.1 for samples of PAinf
indicate a low effect when comparing the samples of both groups
from the facet joints (Figure 4B) (Table 3).

Elastin

Figure 4C shows elastin expression by sample location and study
groups. Furthermore, the corresponding effect size measurements of
the mean differences of both groups are shown. Overall, elastin was
more detectable than collagen type II and collagen type III in both
groups. Samples of the FJC showed lower expression of elastin in
the PG compared with the BDG, but without significance. However,
effect sizes of d > 0.8 (d PAsup: —0.9, d PAinf: —0.9) indicate strong
effects when comparing the samples of both groups from the facet
joints. Samples from the LF showed only an intermediate effect size
(d LFmed: —0.5; d LFlat: —0.7) (Table 3).

Collagen type I/elastin ratio

In order to specify the relationship between collagen type I and elas-
tin in the samples of both study groups and to simplify their com-
parison, corresponding quotients were formed. Consideration of the
quotients of both study groups showed that they differed by a power
of 10. An increased expression of collagen type I compared to elastin
in the PG could be shown. In contrast, elastin predominated in the
samples of the BDG group compared to collagen type I. The detailed
values of the collagen type I/elastin quotients in both groups are as
follows: PG: PAsup 2.78; PAinf 2.61; LFmed 2.23; LFlat 1.83; BDG:
PAsup 0.15; PAinf 0.2; LFmed 0.2; LFlat 0.27 (Figure 4D).

Correlation of degree of disc degeneration/facet joint degeneration
to collagen type I, II, 111, and elastin

The degree of disc degeneration according to Pfirrmann as well as
the degree of facet joint arthrosis according to Fujiwara were tested
for relevant correlations in the PG against the measured protein

levels of all 4 target proteins. For this calculation, the rank correlation
coefficient according to Spearman was used. The values from the tis-
sue probes of the FJC (PAsup +PAinf) and the LF (LFmed+LFlat) were
considered as a unity. Results are shown in Table 4.

The degree of disc degeneration showed a fair correlation to colla-
gen type I (r=0.37) and a moderate correlation of collagen type III
(r=0.5). The correlation of elastin and disc degeneration is poor
(r=0.03). The LF samples showed fair correlations of both colla-
gen types I (r=0.46) and III (r=0.56) compared to the severity of
disc degeneration. Elastin expression in LF samples was also fair
(r=-0.56) correlated with disc degeneration. None of these results
reached the significance level.

The degree of facet joint arthrosis showed a fair correlation to the
expression of collagen type I (r=0.46), a moderate correlation to col-
lagen type III (r=0.63), and a fair correlation for elastin (r=0.31) in
the FJC. All results were not significant. Elastin expression was fair
correlated with the degree of facet joint degeneration. None of these
results reached the significance level.

Furthermore, LF samples showed moderate correlation to col-
lagen type I (r=0.55) and poor correlation to collagen type III
(r=0.11) compared to the severity of facet joint degeneration. The
elastin expression of the LF is fair (r=0.29) correlated to the degree
of facet joint degeneration.

Discussion

The purpose of the study was to investigate if there is a difference in
protein expression of collagen I, I1, and III as well as elastin in the FJC
and the LF of patients with degenerative diseases who underwent
surgery in the L4/5 segment compared to body donors as a control

group.

A segment of the spine is described as a “3-joint complex” consist-
ing of the intervertebral disc and the facet joints. Degenerative
changes in one structure of the complex lead to changes in spinal
mobility, thereby affecting the other components of the segment. It is
known that the process of disc degeneration leads to biomechanical
changes of the facet joints and may lead to subluxation or osteoar-
thritis.’*'* Biomechanical studies showed greater cartilage damage in
the superior pole of the superior articular process and in the inferior
pole of the inferior articular process due to the forces acting during
extension and flexion. For this reason, separate samples of the FJC
(a superior and inferior portion) were collected and examined in our
study.

The FJC can be divided into a dorsal and a ventral part. Previous
studies have shown that the ventral part of the capsule is like the
structure of the LF, yellow and rich in elastin fibers.’*'” Yoshida
et al" showed that pathological changes and hypertrophy of the
LF were more pronounced in the parts close to the joint capsule.

Table 4. Spearman rank correlation coefficient according to degree of disc degeneration/facet joint degeneration and expression of collagen type I, III, and elastin

Facet joint capsules (PAsup +PAinf)

Ligament flavum (LFmed + LFlat)

Collagen I Collagen III Elastin Collagen I Collagen III Elastin

Degree of disc degeneration (Pfirrmann) r,=0.37 r,=0.5 r,=0.03 r,=0.46 r,=0.56 r,=—0.55
P=0.33 P=0.14 P=0.94 P=0.22 P=0.09 P=0.1

Degree of facet joint degeneration (Fujiwara) r,=—0.46 r,=0.63 r,=0.31 r,=—0.55 r,=0.11 r,=-0.29
P=0.22 P=0.051 P=0.39 P=0.13 P=0.77 P=0.43
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Therefore, the decision to examine samples from the medial and lat-
eral portions of the LF separately in our study was made.

Type I collagen is highly expressed in tendons and ligaments, among
others. It gives a tissue tensile strength, making it resistant to tensile
forces." Significantly, more collagen I was expressed in PG than in
BDG in all 4 samples of each group. We found no difference in the
expression of collagen type I between the PAsup and the PAinf in
both groups. This could be explained by the fact that pathological
changes affect the joint capsule as a unit and result in changes in the
extracellular matrix of all capsular components.

Fujiwara et al* demonstrated that the range of motion decreased
with increasing subchondral sclerosis of the facet joints. The authors
hypothesized that this finding indirectly indicated increased tight-
ness of the surrounding soft tissues, which limited the range of
motion in the segment. Our finding supports this hypothesis. More
collagen type I expression could indicate that more solid surrounding
tissue is formed by the degenerative changes in the segment.

Different studies could show that collagen type I is higher expressed in
LF hypertrophy. Collagen type I was significantly more expressed in the
PG samples of the lateral LF than in the BDG. Study data are inconsis-
tent regarding different regions of LF hypertrophy in degenerative dis-
eases. Yoshida et al® described pathological changes in the lateral parts
of the ligaments, which were located in the direct neighborhood of the
facet joints. In contrast, an MRI study by Munns et al*! measured more
thickened LF medially than laterally in almost all lumbar segments.

In addition to mechanical induction of LF hypertrophy, a cellu-
lar mechanism caused by disc herniation is thought to be due to
inflammatory cytokines, including IL-a, IL-6, TNF-a, PGE2, and NO,
diffusing through the spinal canal into the LF and stimulating cell
proliferation. This condition leads to upregulation of the expres-
sion of collagen types I, V, and XI and osteocalcin mRNA, which
are known markers of fibrogenesis and osteogenesis.?* Our results
showed significantly more collagen type I in the LF samples of the
PG. It could be hypothesized that the degenerative changes in the
entire segment L4/5 including the intervertebral disc lead to a release
of cytokines, resulting in an increased expression of type I collagen in
the PG in addition to direct mechanical stress.

Elastic fibers were present in all FJC and LF samples of both groups.
This supports the results of previous studies indicating that there is an
anatomical smooth transition from the LF to the FJC.”'*'” However,
we could not find any significant difference in elastin expression
between the two subgroups.

To clarify the relationship between collagen type I and elastin in the
LF of our study groups, collagen type I/elastin ratios were calculated.
In the BDG, quotients of 0.2 and 0.3 were obtained for the medial
and lateral portions of the LF, respectively. This ratio between col-
lagenous and elastic fibers in nondegenerative altered LF is consis-
tent with the results of other studies.*** For the LF of the PG group,
collagen type I/elastin quotients of 2.4 and 3.5 could be calculated.
Compared to the current literature, we could confirm a significant
change of the extracellular matrix into collagen fibers in the LF of
patients with degenerative diseases in the segment L4/5.

Type III collagen was detectable in all tissue samples in both groups,
but without significance. Collagen type III could be detected in degen-
erative changed LF as well as in LF of the control groups in various

studies.?** Nakatani et al*® demonstrated the inducibility of colla-
gen type III mRNA by recombinant TGF-p.? On the other site, Park
et al** showed no remarkable expression of collagen type III mRNA
by inflammatory cytokines in degenerative lumbar spines. The LF of
the investigated BDG may have age-related changes in collagen type
III expression that could lead to the resulting data. However, it could
be possible that collagen type III plays a minor role in pathological
changes of the LF and FJC.

Spearmann’s rank correlation showed no significant correlations
between the degrees of disc degeneration and facet joint osteoarthri-
tis on MRI images from PG. One explanation would be that due to
the different subdivisions within the respective classification (type
III to V for Pfirrmann classification; type II to IV for Furiwara classifi-
cation) and the small study group, no effect is detectable.

We see the protein relations measured here as an expression of
function and of malfunction. Small probes were necessary for our
measurements. Research in this field may allow to measure protein
changes in smaller probes, for example, by collecting tissue probes
intraoperatively by decompression, for further diagnosis, as for
example, Takeda’s group recently assumed.’

Nevertheless, the current study has some limitations. First, we
investigated a small group of operated patients with degenerative
lumbar spine disease. The BDG as control group was also limited.
In addition, there was a significant age difference between the PG
(61 + 14.9 years) and the BDG (87 + 8.6 years). The high average
age in the body donor group is due to the fact that life expectancy
in Germany is very high. There are very few body donors who die
of natural causes and donate their bodies to science. For this reason,
scientists have to accept the restriction of the high age in this control
group. Due to the age difference in both groups, it cannot be excluded
whether the results are a cause of the normal aging process. Because
samples from patients were compared to samples from body donors,
any postmortem tissue alterations could also lead to a change in the
protein composition of the tissue in the body donors, which would
not be the case in the samples from patients taken during operation.

Conclusively, the pathophysiological genesis of degenerative changes
in the lumbar spine is currently not sufficiently clarified. A change in
the proteins of the extracellular matrix of the FJC and the LF with an
increase in collagen type I and a decrease in elastin seems to play a
central role. The results of this study provide further evidence that
degenerative changes occur also in the dorsal structures of the lower
lumbar spine. This point is important in the adequate therapy deci-
sion before planned surgical therapy because different surgical meth-
ods address different clinical aspects and should be considered.
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