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Summary

It is postulated that in addition to nerve-root compression, an in-

¯ammatory stimulus of the herniated lumbar disc is responsible for

sciatic pain and radiculopathy. The clinical relevance of the histo-

logically described in¯ammatory in®ltrates is, however, not clearly

de®ned [8, 22]. It was the aim of this study to assess the clinical rele-

vance of in¯ammatory cells in herniated lumbar disc specimens. The

presence of in¯ammatory cells was examined immunohistochemi-

cally in routinely processed resection specimens of the lumbar disc.

The histological results were compared to prospectively obtained

clinical data. Disc specimens of 179 patients who underwent surgery

for lumbar disc herniation were studied immunohistologically. Pre-

operatively each patient received a visual analogue scale for classi®-

cation of the pain level and general clinical data were recorded pro-

spectively. Varying amounts of in¯ammatory cells could be demon-

strated in the resected disc tissue. In the statistical workup no

statistically signi®cant correlation between the histological evidence

of macrophage in®ltrates and the pain grading scale or the clinical

data could be found.

In our study there is no statistically signi®cant correlation between

macrophage in®ltrates in herniated lumbar disc specimen and the

obtained clinical data.
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Introduction

The pathogenesis of sciatica with lumbar disc her-

niation is not yet clearly de®ned. Mixter and Barr

suggested that tissue of the intervertebral disc pro-

truded into the spinal canal compresses thereby irri-

tating the nerve root and causing sciatic pain [17]

Although this concept is widely accepted, the me-

chanical nerve root compression itself does not explain

sciatic pain and radiculopathy alone [11, 21]. Several

authors [7, 8, 13, 16, 24, 32] state that in¯ammation of

the nerve root and or intervertebral disc tissue may be

a major factor in radiculopathy and sciatic pain. Ani-

mal studies have shown that nucleus pulposus could

promote the in¯ammatory phenomenon in the nerve

roots. Additionally a local release of biochemical

agents or the antigenicity of the disc tissue itself might

account for nerve root in¯ammation and thus for

radiculopathy and sciatic pain [19, 1, 15]. It has been

suggested that the herniated nucleus pulposus would

induce a foreign body reaction when exposed to the

systemic circulation [30]. This foreign body reaction is

thought to result in a macrophage in®ltration in the

herniated lumbar disc [28].

However less is known about the clinical signi®-

cance of this phenomenon. The aim of this study was

to compare pre-operatively obtained clinical data of

patients pain ratings to immunohistochemical ®ndings

in herniated lumbar disc tissue.

Method and Patients

In this prospective study, intervertebral disc specimens of 179

patients were studied. All patients underwent surgery for mono-

segmental lumbar disc herniation for the ®rst time. The standard

operation procedure was a conventional discectomy via an extended

interlaminar fenestration. All patients showed nerve root compres-

sion intra-operatively. The complete material was embedded and

processed further. The weight of the resected tissue was not estimated.

A decalci®cation procedure was not necessary due to only a small

amount of bony structures in some specimens. Due to the routinely

performed specimen ®xation and para½n-embedding, the exact top-

ographical relationship between specimen and nerve root could not

be speci®ed. 61 patients were female and 118 male. The mean age

was 43 years with a range from 23 to 76 years. One to two days prior

to surgery each patient received a visual analogue rating scale (VAS,

0 � no pain, to 100 � worst pain patient could imagine) for the

classi®cation of the individual pain level. The patients were asked to

describe the average pain over the last few weeks without considering

how the pain was distributed. General clinical data, such as level of

disc herniation, re¯ex de®cit, length of symptoms, paresis, sensory

de®cit, pain distribution, straight-leg raising test, were recorded.
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Systemic in¯ammation was ruled out by obtaining erythrocyte

sedimentation rates, white blood counts and c-reactive protein.

The herniated disc specimens were routinely ®xed in a 10 percent

bu¨ered formaline solution and para½n-embedded, 5 mm thin sec-

tions were stained with monoclonal antibodies obtained commer-

cially from Dako A/S Denmark using an indirect immunoperoxidase

method: Antihuman macrophage antibody (Dako CD 68), Positive

and negative control tissue was used in each staining procedure. The

immunohistochemical staining was performed according to the rec-

ommendations of the manufacturer [14].

The specimen were microscopically examined and classi®ed

blindly by two examiners independently of each other. According to

the amount of in¯ammatory cells, specimens with no or only solitary

positive cells were classi®ed as showing no evidence for in¯amma-

tion. All specimens in which cellular in®ltrates could be observed

were classi®ed as con®rming in¯ammation. See Fig. 1.

Clinical data as well as the results of the pain grading scale were

statistically correlated with these groups.

The statstical workup was performed by using the computer

programs StatView 4.58 and SuperANOVATM8, especially the

Fisher's Protected Least Signi®cant Di¨erence post hoc test, Sche¨e

and Bonferroni/Dunn test.

Results

History, Symptoms and Signs

Between the patients showing no in®ltrate in their

specimens and the patients showing a positive macro-

phage in®ltrate, no di¨erence concerning erythrocyte

sedimentation rates, white blood counts and c-reactive

protein could be demonstrated. 9 Patients rated their

pre-operative pain on the visual analogue rating scale

between 0% and 25%, 17 between 26 and 50%, 62 be-

tween 51% and 75%, and 82 between 76% and 100%.

For details and other symptoms and signs see Table 1.

Comparison Toimmunohistochemical Data

Varying amounts of in¯ammatory cells could be

demonstrated in the resected disc tissue. According to

the classi®cation 43% [77] of the specimen were classi-

®ed as showing evidence of in¯ammation. 102 speci-

mens (57%) showed no or only solitary positive cells in

the CD68 macrophage staining. No signi®cant di¨er-

ence between these two groups concerning age, sex,

length of pre-operative symptoms, pre-operative pain

distribution, straight leg sign, paresis and level of pain

on the visual analogue grading scale (VAS) on admis-

sion could be found. For details see Table 1.

Discussion

Several authors state that in¯ammation in disc tissue

resulting from injury may be a major factor in radicul-

opathy and sciatic pain [3, 7, 8, 12, 13, 16, 24, 25, 29, 32].

The intra-operative ®nding that mechanically com-

Fig. 1. Example for a CD68 positive in®ltrate

Table 1. Preoperative Clinical Findings

Parameter No in¯ammation In¯ammation Total Signi®cance

Mean age in years 43 44 43 n.s.

Women 30% 39% 34% n.s.

Men 70% 61% 66% n.s.

Mean duration of symptoms 79 days 63 days 72 days n.s.

Range duration of symptoms 1±731 days 1±295 days 1±731 days n.s.

Sensory de®cit 89% 83% 86% n.s.

Paresis 63% 57% 60% n.s.

Negative SLR 10% 13% 11% n.s.

SLRV30� 31% 30% 30% n.s.

SLR<30� 59% 57% 59% n.s.

VAS O-25 1% 3% 2% n.s.

VAS 26±50 10% 16% 13% n.s.

VAS 51±75 30% 28% 29% n.s.

VAS 76±100 59% 53% 56% n.s.

Smokers 39% 39% 39% n.s.

Hyperuraecemia 9% 16% 11% n.s.

Diabetes 8% 13% 10% n.s.

VAS Means the rating on the visual analogue rating scale; SLR means straight leg raising test.
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pressed nerve roots become tender [2, 11, 26] and re-

cent histological and biochemical studies on herniated

lumbar disc tissue led to the notion of in¯ammatorily

induced sciatic pain [3, 7, 8, 12, 13, 16, 24, 25, 29, 32].

A recent study supports that nucleus pulposus itself

may have in¯ammatogenic properities [28]. But there

seem to be di¨erent mechanisms of nerve root injury

[4]. One is induced by the nucleus pulposus itself and

the other is induced by chronic compression and irri-

tation of the nerve root, both seem to di¨er from each

other according to the mode and composition of the

histochemical reactions [4].

In most studies, a cellular reaction composed of

macrophage and T-lymphocyte tissue in®ltration has

been described, since herniated lumbar discs are usu-

ally operated on in the more chronic state. Compared

to other in¯ammatory tissues [9] in the early stages, a

neutrophil-in®ltration and, in the chronic stages, a

macrophage dominated immuno-reaction could be

expected [8, 28].

Groenblad et al. studied 24 patients. By using im-

munohistochemical methods, in¯ammatory cells such

as macrophages, T-lymphocytes, B-lymphocytes and

neutrophils were distinguished. The in¯ammatory in-

®ltrate was mainly composed out of macrophages. It

was not indicated whether the clinical material in

question was obtained prospectively or retrospectively.

Due to the small number of disc materials examined

the authors could only point out some trends concern-

ing clinical data and in¯ammatory cell occurrence. A

statistically signi®cant correlation between clinical

data and immunhistologically veri®ed in®ltrates could

not be found [8].

Doita et al. found granulation tissue in herniated

lumbar disc specimen in 14 of 21 patients (66.7%).

They found no correlation between in¯ammatory

changes and duration of symptomsÂ. Other symptoms

and signs were not compared [5].

Virri et al. studied macrophages in 20 herniated and

protuded lumbar disc specimen. The authors found

macrophages in 55% of the specimen. Only the dura-

tion of the pre-operative symptoms were compared in

both groups. A statistically signi®cant correlation

could not be found [31].

Our experience with herniated lumbar disc specimen

of 44 patients and prospectively obtained clinical data

show that the in¯ammatory in®ltrate is mainly com-

posed of macrophages. B- and T Lymphocytes could

only be observed in specimen with positive CD 68

macrophage stains. In the patients with no macro-

phage in®ltrates in the herniated lumbar disc tissue the

straight-leg raising test was statistically positively sig-

ni®cant at lesser degrees. But this might simply be a

chance observation [20].

However, to our knowledge there is no detailed

prospective study, which compares pre-operative

symptoms and signs to the evidence of macrophage

in®ltrates in herniated lumbar disc specimen in a larger

population.

Due to our previous experience only macrophage

stains were made in the present study. We could con-

®rm macrophage in®ltrates in 43% (77) of the 179

herniated lumbar disc specimen. Although in earlier

studies the clinical importance of the in¯ammatory

changes in herniated lumbar disc tissue is pronounced

[8, 22, 24] we could not ®nd any statistical correlation

with the clinical data. In our opinion there seems to be

no clinical signi®cance of the well described phenome-

non of the macrophage tissue in®ltration in herniated

lumbar disc tissue.

Conclusion

The ®ndings of the present study support the ob-

servations of an in¯ammatory reaction in herniated

lumbar disc specimens [6, 16, 22].

A correlation between the macrophage tissue in®l-

tration and the pre-operative symptoms and signs as

well as the patients' pain ratings could not be found.

In our opinion there seems to be no correlation of

the well described phenomenon of the macrophage

tissue in®ltration in herniated lumbar disc tissue to pre-

operatively obtained data.

References

1. Bayliss MT, Johnstone B, O' Brien JP (1988) Volvo Award in

Basic science. Proteoglycan synthesis in the human interverte-

bral disc: Variation with age, region and pathology. Spine 13:

972±981

2. Brown MD (1989) The source of low back pain and sciatica.

Semin Arthritis Rheum 18 [Suppl] 2: 67±72

3. Chen Ch, Cavanaugh JM, Ozaktay C, Kallakuri S, King AI

(1997) E¨ects of Phospholipase A2 on lumbar nerve root struc-

ture and function. Spine 22: 1057±1064

4. Cornefjord M, Olmarker K, Farley D, Weinstein JM, Rydevik

(1997) Substance P and VIP in spinal roots after epidural appli-

cation of autologues nucleus pulposus. Neuroorthopedics 20:

133±142

5. Doita M, Kanatani T, Harada T, Mizuno K (1996) Im-

munohistologic study of the ruptured intervertebral disc of the

lumbar spine. Spine 21: 235±241

6. Franson RC, Saal JS, Saal JA (1992) Human disc phospholipase

A2 is in¯ammatory. Spine [Suppl] 17: 129±132

7. Gertzbein SD, Tile M, Gross A, Falk R (1975) Autoimmunity in

degenerative disc disease of the lumbar spine. Orthop Clin

North Am 6: 67±73

Macrophage Tissue In®ltration, Clinical Symptoms, and Signs in Patients with Lumbar Disc Herniation 1247



8. Groenblad M, Virri J, Tolonen J, Seitsalo S, KaÈaÈpaÈ E, Kankare

J, Myllynen P, Karaharju EO (1994) A controlled immuno-

histochemical study of in¯ammatory cells in disc herniation

tissue. Spine 19: 2744±2751

9. Guyton AC (1969) The blood cells. In: Function of the human

body, 3 edn. Saunders, Philadelphia, pp 85±98

10. Hirotaka H, Shinomiya K, Komori H, Okawa A, Saito I,

Miyasaka, Furuya K (1996) Upregulated expression of chemo-

kines in herniated nucleus pulposus resorption. Spine 21: 1647±

1652

11. Howe JF, Loeser JD, Calvin WH (1977) Mechanosensitivity of

dorsal root ganglia and chronically injured axons: a physiologi-

cal basis for the radicular pain of nerve root compression. Pain

3: 25±41

12. Kawakami M, Tamaki T, Hashizume H, Weinstein JN, Meller

STT (1997) The role of Phospholipase A2 and Nitric oxide in

pain-related behavior produced by an allograft of intervertebral

disc material to the static nerve of the rat. Spine 22: 1074±1079

13. Marshall LL, Trethewie ER, Curtain CC (1977) Chemical radi-

culitis. A clinical, physiological and immunological study. Clin

Orthop 129: 61±67

14. Mason DY, Cordell JL, Abdulaziz Z, Naiem M, Bordenhave G

(1982) Preparation of peroxidase-antiperoxidase (PAP) com-

plexes for immunohistological labelling of monoclonal anti-

bodies. J Histochem Cytochem 30: 1114±22

15. McCarron RF, Wimpee MW, Hudkins PG, Laros GS (1987)

The in¯ammatory e¨ect of nucleus pulposus: a possible element

in the pathogenesis of low -back pain. Spine 12: 760±764

16. Meyers R, Saal JS, Franson R, Gar®n SR (1992) Human disc

PLA2 induces neural injury: A histomorphometric study. Pre-

sented at the Annual Meeting of the International Society for the

Study of the Lumbar Spine. Illinois, Chicago

17. Mixter WJ, Barr JS (1934) Rupture of the intervertebral disc

with involvement of the spinal canal. N England J Med 211:

210±215

18. Nachemson A (1969) Intradiscal measurements of pH in pa-

tients with lumbar rhizopathies. Acta Orthop Scand 40: 23±42

19. Piperno M, Hellio le Graverand MP, Reboul P, Mathieu P,

Tron AM, Perrin G (1997) Phosphollipase A2 activity in herni-

ated lumbar discs. Clinical correlations and inhibition by pirox-

icam. Spine 15, 22(18): 2061±2065

20. Rothoerl RD, Woertgen C, Holzschuh M, Ruescho¨ J,

Brawanski A (1998) Is there a clinical correlate to the histo-

logical evidence of in¯ammation in herniated lumbar disc tissue?

Spine 11: 1197±1200

21. Rydevik B, Gar®n SR (1989) Spinal nerve root compression. In:

Szabo RM, ed. Nerve compression syndromes, diagnosis and

treatment. Thorofare, New Jersey, Slack, pp 247±261

22. Saal JS, Franson RC, Dobrow R, Saal JA, White AH, Gold-

thwaite N (1990) High levels of in¯ammatory phospholipase A2

activity in lumbar disc herniations:. Spine 15: 674±678

23. Saal JS, Sibeley R, Dodrow R (1990) Cellular response to lum-

bar herniation. An immunhistologic study. Presented at the

Annual Meeting of the International Society for the Study of the

Lumbar Spine. Boston

24. Saal JS (1995) The role of in¯ammation in lumbar pain. Spine

20: 1821±1827

25. Siddall PJ, Cousins MJ (1997) Spinal pain mechanisms. Spine

22: 98±104

26. Smyth MJ, Wright V (1958) Sciatica and the intervertebral disc.

An experimental study. J Bone Joint Surg (Am) 40: 1401±1418

27. Takahashi H, Suguro T, Okazima Y, Motegi M, Okada Y,

Kakiuchi T (1996) In¯ammatory cytokines in the herniated disc

of the lumbar spine. Spine 21: 218±224

28. Takino T, Takahashi K, Miyazaki T, Matsui T, Tomita K

(1997) An immunohistochemical study of in¯ammatory cells

appearance in rabbits nucleus pulposus. Neuroorthopedics 20:

113±120

29. Thelander U, Fagerlund M, Friberg S, Larsson S (1992) Straight

leg rainsing test versus radiological size, shape, and position of

lumbar disc hernias. Spine 17: 395±399

30. Urovitz EP, Fornasier VL (1979) Autoimmunity in degenerative

disc disease. A histopathologic study. Clin Orthop 142: 215±218

31. Virri J, Sikk S, Groenblad M, Tolonen J, Seitsalo S, Kankare J,

Karaharju EO (1994) Concomitant immunocytochemical study

of macrophage cells and blood vessels in disc herniation tissue.

Eur Spine J 3(6): 336±341

32. Weinstein JN (1992) The role of neurogenic and non-neurogenic

mediators as they relate to pain and the development of osteo-

arthritis. Spine 17: (10S): S356±S361

Comments

This paper, documents in a prospective manner that the degree of

``clinical pain'' and frequency of in¯ammatory cells in lumbar disc

tissue has no correlation. The clinical relevance of in¯ammatory cells

in lumbar disc specimens is thus still a matter of dispute. The ``neg-

ative'' conclusion is absolutely of interest.

J. Haase

The authors have investigated in a prospective study 179 patients

undergoing surgery for lumbar disc herniation. Macrophage

(CD68�) in®ltration of resected tissue was conelated with clinical

data, in particular the individual pain level.

This work was stimulated by previous studies which revealed

abundant macrophage in®ltration of herniating disc tissue (Gronblad

M et al (1994) Spine 19, p 2744) and suggested biochemical in addi-

tion to mechanical factors as in¯aming stimuli (Olmarker K et al

(1995) Spine 20, p 665. Saal JS (1995) Spine 20, p 1821).

The authors did not ®nd any statistical correlation between histo-

logical ®ndings and the clinical parameters. The study does not really

provide novel information on this clinically relevant issue, compared

to their previous study.

It would also be of interest to analyse a potential relationship

between in¯ammatory reactions in lumbar disc tissue and the devel-

opment of postdiscectomy syndromes.

O. Wiestler

Authors' Reply

In a previous study only 44 patients were included. A su½cient

statistical analysis could not be performed due to the small number

of patients. Therefore this previous report describes only preliminary

results. In the present study 179 patients were included. A su½cient

statistical analysis is now performed. In the literature there is no

study published which compares clinical material and immuno-

histochemical ®ndings in a prospective manner in a larger population.

Concerning the reviewers comment that a relationship between

in¯ammatory reactions in lumbar disc tissue and the development of

postdiscectomy syndromes would be interesting.

We agree that a follow up study would be of interest. However the

aim of this study was to assess the clinical relevance of in¯ammatory

cells in herniated lumbar disc specimens concerning pre-operatively

obtained clinical data. This correlation was suggested in previous

studies (e.g. Groenblad 1994). A follow up study would be beyond

the scope of this article.
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