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Abstract. The study evaluated the preoperative immunomorphological
phenotype of the ligamentum flavum in relation to the subsequent course of
postoperative epidural fibrosis. Tissue samples were assessed in 40 reference patients
and 86 patients with degenerative lumbar spinal stenosis; the latter were
retrospectively classified as having a favorable postoperative course (n=54) or
progressive epidural fibrosis (n=32). Progressive fibrosis was associated with greater
tissue fibrosis, collagen accumulation, loss of elastic fibers, macrophage infiltration,
increased SPP1 and TGF-β1 expression, Smad3 activation, and expansion of the α-
SMA-positive compartment. A combined high-fibrotic phenotype was present in
40.6% of patients who subsequently developed progressive epidural fibrosis,
compared with 11.1% in the favorable-course group.

Keywords: ligamentum flavum, lumbar spinal stenosis, epidural fibrosis, SPP1,
TGF-β1, CD68, α-SMA, immunohistochemistry.
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Аннотация. В исследовании оценивали предоперационный
иммуноморфологический фенотип желтой связки в связи с последующим
течением послеоперационного эпидурального фиброза. Тканевые образцы были
исследованы у 40 пациентов референсной группы и 86 больных с
дегенеративным стенозом поясничного отдела позвоночного канала; последние
ретроспективно были разделены на подгруппы с благоприятным
послеоперационным течением (n=54) и прогрессирующим эпидуральным
фиброзом (n=32). Прогрессирование фиброза сопровождалось более
выраженным фиброзным ремоделированием ткани, накоплением коллагена,
утратой эластических волокон, макрофагальной инфильтрацией, повышением
экспрессии SPP1 и TGF-β1, активацией Smad3 и расширением α-SMA-
положительного компартмента. Комбинированный высокофибротический
фенотип выявлен у 40,6% пациентов, у которых впоследствии развился
прогрессирующий эпидуральный фиброз, тогда как в группе с благоприятным
течением его частота составила 11,1%.

Ключевые слова: желтая связка, стеноз поясничного отдела позвоночного
канала, эпидуральный фиброз, SPP1, TGF-β1, CD68, α-SMA, иммуногистохимия.

Relevance. Postoperative epidural fibrosis varies considerably among patients
undergoing comparable decompressive procedures. The biological state of the
hypertrophic ligamentum flavum at the time of surgery may characterize an already
established individual fibrotic response and therefore provide information on the risk
of subsequent excessive scar formation.

Objective. To determine the immunomorphological characteristics of the
ligamentum flavum associated with subsequent progression of postoperative epidural
fibrosis.

Materials and Methods. The analysis included 40 reference patients and 86
patients with degenerative lumbar spinal stenosis. According to subsequent
postoperative scar progression, the stenosis group was divided into a favorable-course
subgroup (n=54) and a progressive epidural fibrosis subgroup (n=32). Histological
morphometry included fibrosis area, collagen matrix, residual elastic-fiber area,
elastic-fiber fragmentation, and cellular density. Immunohistochemical assessment
included CD68, SPP1, TGF-β1, nuclear p-Smad3, α-SMA, and collagen types I and
III.

Discussion. Fibrosis area increased from 21.24±1.35% in the reference group to
36.28±1.37% in the favorable-course subgroup and 47.90±1.73% in patients with
subsequent progressive epidural fibrosis. Residual elastic-fiber area decreased in the
same sequence from 57.66±1.57% to 48.99±1.40% and 40.39±1.58%, respectively.
The collagen-to-elastin ratio reached 1.40±0.12 in the unfavorable subgroup.

CD68-positive cell density increased from 28.07±1.06 cells/mm² in reference
tissue to 35.12±0.97 and 42.16±1.14 cells/mm². The SPP1 H-score increased from
59.80±3.10 to 83.74±2.39 and 105.35±3.12, whereas the TGF-β1 H-score increased
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from 69.23±2.68 to 95.14±2.70 and 109.24±2.60. Nuclear p-Smad3 demonstrated a
similar gradient: 61.14±2.51, 80.87±2.43, and 95.70±2.69.

The α-SMA-positive interstitial area was greatest in the progressive fibrosis
subgroup (15.02±0.69%), compared with 12.77±0.48% in favorable-course patients
and 9.60±0.62% in reference tissue. Collagen type I-positive area increased to
47.39±1.34% in the unfavorable subgroup. In contrast, the collagen I/III ratio did not
significantly distinguish the groups, indicating that the adverse phenotype was related
mainly to the total extent of matrix accumulation rather than to a major shift between
these two collagen types.

Preserved elastic architecture was detected in 65.0% of reference patients and
22.2% of patients with a favorable course, but in none of the patients with progressive
fibrosis. The combined high-fibrotic phenotype was identified in 13/32 (40.6%)
patients with progressive epidural fibrosis, 6/54 (11.1%) with favorable postoperative
evolution, and no reference patients.

Conclusion. It was established that subsequent progressive epidural fibrosis was
preceded by a more pronounced fibrotic and inflammatory remodeling of the
ligamentum flavum. It was demonstrated that increased CD68, SPP1, TGF-β1/p-
Smad3 activity and expansion of the α-SMA-positive compartment accompanied
collagen accumulation and loss of the elastic framework. The combined
immunofibrotic phenotype of the ligamentum flavum may be considered a tissue
indicator of increased individual susceptibility to excessive postoperative scar
formation.
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