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Introduction

Filum terminale (FT) is a strand of fibrous tissue about

20 cm long and made of two parts: filum terminale inter-

num and filum terminale externum. The former is nearly

entirely made of pia mater, the innermost meningeal

layer, and extends from the conus medullaris of the

spinal cord to the cul-de-sac of the most external

meningeal layers, i.e., the arachnoid membrane and

the dura mater. At this level, it fuses with those

meningeal membranes thus making the coccygeal liga-

ment, which fastens the most distal portion of the

medulla to the coccyx. Indeed, the coccygeal ligament

is often referred as filum terminale externum.

Some diseases affecting FT have been described, in-

cluding some forms of tumors, mineral deposition and

filum terminale disease (FD), described in 1996 by

Royo-Salvador1,2. Filum terminale disease is an out-

come of the abnormal traction exerted on the spinal

cord by a FT shorter that usual. This condition is

commonly diagnosed by means of nuclear magnetic

resonance since the conus medullaris results to be

more distal than normally in adult individuals, i.e., be-

hind the body of a vertebra comprised between the

twelfth thoracic (T12) and the first lumbar (L1) verte-

brae. Most importantly, within a physiological variabil-

ity, nuclear magnetic resonance scans show more

distal cerebellar tonsils as well, being behind the

greater occipital foramen. Clinical symptoms concern

the central nervous system (CNS), mainly due to the

traction of spinal cord and brain stem. Secondary

symptoms are commonly present at ocular, oropha-

ryngeal, circulatory, urinary, digestive and endocrine

levels3. Filum terminale disease is a syndrome fea-

tured by a slow progression. At the early stage, the

patient is usually not experiencing any symptoms. On

the basis of anatomo-clinical data, section of FT has

been proposed as a surgical mini-invasive approach

able to stop the progression of the symptoms caused

by the spinal traction4.

Fibromyalgia, or fibromyalgia syndrome (FS), is a dis-

ease mostly represented in the female gender (fe-

male/male ratio: 6/1). Overall incidence is between

one and eight percent5,6. It can affect at any age and

its incidence increases with age7. Fibromyalgia syn-

drome is defined primary, or idiopathic, when not
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Summary

Background: we aimed to assess whether short-

ness of filum terminale (FT) can represent a specif-

ic feature of fibromyalgia. Therefore we investigat-

ed benefits coming from FT section with a mini-in-

vasive technique in patients with fibromyalgia.

Filum terminale disease (FD), described firstly in

1996, is consequence of an abnormal traction exert-

ed on spinal cord since FT is shorter than usual. Fi-

bromyalgia syndrome (FS) is featured by chronic

widespread musculoskeletal pain associated with

stiffness and extra-skeletal symptoms affecting

many organs and systems. Filum terminale disease

and fibromyalgia syndrome share common clinical

features in at least one subset of patients. Methods:

we evaluated 42 patients firstly diagnosed for FS

and then re-evaluated by nuclear magnetic reso-

nance. 38 out of 42 had also FD and 20 of them un-

derwent surgical treatment, i.e., FT section accord-

ing to Royo-Salvador technique.

Results: after physical therapy, surgically treated

patients showed significant improvement of symp-

toms in terms of reduction of pain and increment

of quality of life, compared to group, which refused

surgery and performed physical therapy only.

Conclusion: we suggest that FT shortness can be

considered one of predisposing causes for devel-

oping FS and that FD surgical treatment in patients

with FS can improve overall treatment outcome.
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formed in “Hospital Sanitas Cima” in Barcelona,

Spain. Physical therapy group (n=18, 16 women and

2 men, age 52±5.1 yrs, body mass 68±12 kg, body

height 168±9 cm) refused surgical treatment and

therefore underwent only the rehabilitation protocol.

The study conformed to the Declaration of Helsinki

1964 and was conducted after approval from the local

Medical Center Ethics Committee, which followed the

standard of the Muscles, Ligaments and Tendons

Journal15. The procedures, risks and goals were ex-

plained to the participants and written consent was

obtained prior to participation.

Experimental setting

After surgery nuclear magnetic resonance of cervical

and lumbar spine was repeated in SPT to assess

morphological changes, if present. Both groups were

evaluated in two different days in laboratory in Centro

Medico Mantia (Palermo, Italy), in temperature/hu-

midity comfortable conditions by means of FIQ and

FAS scales. To balance for the time effect, SPT was

clinically evaluated before section of FT (T0) and af-

ter four-week recovery+nine-week physical therapy

(T1). Correspondingly, ST was assessed before study

start (T0) and after four-week rest+nine-week physi-

cal therapy (T1).

Physical therapy

Physical therapy was standardized and provided to

all patients. All exercise sessions were administered

by accredited and experienced physiotherapists grad-

uated in Exercise Science, as well. Program included

27 sessions (three per week, for nine weeks), 60 min-

utes each, with postural exercises for the back asso-

ciated with active aerobic exercises and treatment of

painful areas with transcutaneous electrical nerve

stimulation (Gymna Combi 200, GymnaUniphy,

Bilzen, Belgium). Routines were designed to keep a

low intensity and basically included static and dynam-

ic exercises for posture and balance (performed in

presence and absence of visual input) as well as joint

and spine mobility, according to a previous study16.

Patient did not take painkiller medication for all the

rehabilitation period, except for free assumption of

acetaminophen (1000 mg) in case of need.

Statistical analysis

Descriptive statistics are presented as mean (±SD).

Student’s t-test for independent samples was used to

detect for any initial differences between groups for an-

thropometric measures. Starting from statistical power

of ANOVA, we calculated total sample size with G-Pow-

er 3.1.3. When considering main factors of present

study, a sample size of 8 for each group showed to be

appropriate for a statistical power greater than 0.9. To

assess reliability and variability of the measures, we

combined with any other pathology, while it is defined

secondary when it is diagnosed in association with

other clinical conditions (mostly chronic diseases)5,6.

In any case, FS is featured by chronic widespread

musculoskeletal pain associated with stiffness and

extra-skeletal symptoms affecting several organs and

systems5. Among these one, very frequent are bowel

pain, headache, tachycardia, menstrual disorders,

breath shortness, anxiety and low mood and depres-

sion. It is also featured by intense tiredness and easy

fatigability7. Functional imaging studies support the

theory that many signs and symptoms of FS may be

due to a CNS dysfunction and, a consequently al-

tered processing of sensory stimuli8-10. Findings of

hypo-perfusion in thalamus11 and caudate nucleus12,

by single photon emission computed tomography

scan analysis of patients with FS, support this hy-

pothesis.

The present study aimed to evaluate whether short-

ness of FT can represent a specific feature of fi-

bromyalgia. In particular, we compared overall out-

come of a group of subjects affected by FS, which

underwent firstly surgery for section of FT and then

physical therapy, to outcome of a group of patients,

which refused surgery and performed physical thera-

py only.

Materials and methods

From March 2009 until December 2012, we followed

42 (38 women and 4 men) patients with diagnosis of

FS. Since drug treatment (analgesics, antidepres-

sants, anti-seizures, non-steroid anti-inflammatories)

gave unsatisfactory results or only transient benefits,

they underwent our screening for physical therapy

candidates. The exclusion of criteria was the presence

of other rheumatologic, neurological and immunologi-

cal diseases. Hence, all patients were clinically re-

evaluated, in blind, by three expert neuro-physiatrists

(MDG, AV, RM). In terms of radiological evaluation,

the patients were examined by means of nuclear mag-

netic resonance of the cervical and lumbar spine. In

some cases, it was not the position of the medullary

cone (between the first lumbar vertebrae and the sec-

ond or third one) but the displacement of the cerebel-

lar tonsils (behind the greater occipital foramen) to al-

low assessing the diagnosis of FD. Therefore patients

were re-assessed by means of two clinical scales for

quality of life, i.e., the Fibromyalgia Impact Question-

naire (FIQ) and the self-administered Fibromyalgia

Assessment Status (FAS)13,14.

In 38 over 42 patients (36 women and 2 men), we di-

agnosed a FD and all these 38 patients were enrolled

in our study. All patients were divided in surgery+

physical therapy group (SPT) and physical therapy

group (PT) according to their free consent to surgery.

Surgery+physical therapy group (n=20, all women,

age 51±6 yrs, body mass 61±5 kg, body height 165±6

cm) decided to undergo surgical section of FT (specif-

ically, filum terminale externum) and subsequently re-

habilitation protocol. Surgical intervention was per-
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calculated coefficient of variation (CV=SD/mean %).

The FIQ and FAS scores were analysed by using a

separated two-way ANOVA with repeated measures

and intervention type as factor and Bonferroni post-hoc

test. Assumption of normality was verified by using

Shapiro-Wilk Test. “Between” factor was treatment kind

with two levels (SPT and PT) and “within” factor was

time with two levels (pre- and post-treatment). Eta-

squared was calculated to assess effect size. Spear-

man’s correlation coefficients were computed for FIQ

and FAS within the two groups. Pair-wise comparison

was performed when the main effect was significant

and significance level was set at p<0.05. Statistical

analysis was performed by using SigmaPlot 11.0 soft-

ware (Systat Software, Tulsa, OK, USA).

Results

All data are reported in Table 1. There was no differ-

ence (p>0.05) between groups at baseline conditions

for age and body height, while there was significantly

difference (p=0.03) for body mass. Comparison be-

tween the nuclear magnetic resonance images of SPT

obtained before and after the section of FT did not

show any significant morphological change (Fig. 1).

After one year of the treatment, all patients showed

both displacements of cerebellar tonsil behind greater

occipital foramen and medullar cone ending at second

or third lumbar vertebra level either before or after

surgery. Although there were no evident anatomical

modifications at nuclear magnetic resonance imaging

level, patients experienced a significant amelioration

of symptoms.

In spite of the FIQ and FAS scores variability at base-

line (CV up to 15%), the statistical power remained high

in relation to sample power (>8). The analysis of vari-

ance revealed for FIQ a treatment effect

(F(1,37)=120.790, p<0.0001, η2=0.770) and a treatment

type effect (F(1,37)=108.117, p<0.0001, η2=0.750). Post-

hoc analysis showed significant FIQ decreases of 70

and 13% (p<0.0001 and p<0.001) after SPT and PT,

respectively (Fig. 2). Similarly, ANOVA revealed for

FAS a treatment effect (F(1,37)=114.459, p<0.0001,
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Table 1. Absolute and percent changes for each variable after treatments.

Pre Post (Δ%) Pre Post (Δ%)

Group FIQ FAS

SPT 69.1±13.2 20.8±7.5 -70* 6.2±0.9 1.4±1.0 -77*

PT 82.0±6.2 71.6±13.1 -13* 7.2±0.8 6.1±1.0 -15*

Values are expressed as mean±SD Fibromyalgia Impact Questionnaire (FIQ) and self-administered Fibromyalgia Assess-

ment Status (FAS) scores for surgery+physical therapy group (SPT) and physical therapy group (PT); * p<0.001 versus

baseline conditions.

Figure 1 A-D. Relevant cervical (A-B) and lumbar (C-D)

spine nuclear magnetic resonance images in patients with

Fibromyalgia syndrome and Filum terminale disease. Im-

ages have been taken in a patient before (A, C) and after

(B, D) section of FT. In particular, images show the distal

position of cerebellar tonsils (arrow) before (A) and after

(B) surgery and medullary cone (arrow) ending at second

lumbar vertebra level both before (C) and after (D) surgery.

L5 = fifth lumbar vertebra.
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Royo-Salvador1,2,4,20-22 developed the theory that

Arnold-Chiari syndrome, syringomyelia and idio-

pathic scoliosis have a common etiology: medullary

traction due to shortness of FT. Garceau23 previ-

ously described symptoms related to spinal cord

traction and reported the cases of three patients

with paraparesis, scoliosis, headache and dyses-

thesia, which recovered after section of FT. Roth24

hypothesized that stretching of spinal cord is re-

sponsible for scoliosis and syringomyelia, and de-

scribed a case of shortness of FT with subsequent

development of syringomyelia, which resolved after

sectioning of FT25.

Nevertheless, our data do not show any anatomical

change in terms of displacement of cerebellar tonsil

and of medullary cone in our patients after surgery.

This is probably due to the fact that the patients, who

underwent our treatment, had suffered from this con-

dition since many years before its diagnosis. There-

fore, connective tissues joining dura mater to sur-

rounding periosteum could have established a partic-

ularly strong binding between these structures. Fur-

ther follow-up could include further nuclear magnetic

resonance examination, since it is possible that, after

some years since surgery, we could find some visible

changes in the positions of both cerebellar tonsil and

medullary cone. We acknowledge to have investigat-

ed two “locked” intervention modalities: surgery AND

physical therapy and physical therapy ONLY. In so

doing, it remains clearly unknown how much of the

benefit for the patients who underwent surgery AND

physical therapy were due to surgery OR physical

therapy. Further investigations will need to address

this issue.

In conclusion, our data allow stating that a shortness

of FT, such as the one featuring FD, may be respon-

sible of FS. We suggest evaluating, by nuclear mag-

netic resonance, anatomical position the cerebellar

tonsil and medullary cone in all patients diagnosed

with FS. Treatment of FD is a minimally invasive and

little expensive surgical technique. Therefore it is like-

ly that in the forthcoming years this technique will be-

come available in a number of clinical centers and

used as new therapeutic tool for treatment of FS, cur-

rently considered an incurable disease.
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η2=0.761) and a treatment type effect (F(1,37)=145.369,

p<0.0001, η2=0.802). Post-hoc analysis showed signifi-

cant FAS decreases of 75 and 15% (p<0.0001 and

p<0.0001) after SPT and PT, respectively (Fig. 2). Sig-

nificant correlation was found between FIQ and FAS in

SPT both before (r=0.467, p=0.038) and after treatment

(r=0.782, p<0.0001). Differently, in PT negative not sig-

nificant correlation was found before treatment (r=-

0.400, p>0.100) and significant correlation was found

after that (r=0.477, p=0.045).

Discussion

Main results of this study come from comparison be-

tween pre- and post-treatment scores in the two

groups. Patients treated with surgical section of filum

terminale (FT) and subsequent rehabilitation treat-

ment showed greater improvements in terms of re-

duced pain and improved quality of life compared to

patients treated exclusively with rehabilitation. Fur-

ther clinical follow-up may assess results after longer

periods since end of treatment to evaluate retention

of obtained benefits.

To the best of our knowledge, there are no data in lit-

erature rebutting the hypothesis that fibromyalgia

syndrome (FS) may be due to FT shortness. By con-

trast, there is a number of reports supporting strong

correlation between FS and central nervous system

diseases. In particular, there are many evidences

about neuroendocrine and autonomic impairment in

FS with symptoms very similar to those occurring in

a high percentage of filum terminale disease (FD)

patients17-19. These prompted us to state that, at

least in a limited subset of patients, FS may be con-

sidered an epiphenomenon of FD. Practical rele-

vance of such reasoning lies in the suggestion that

patients should be treated for FD, i.e., by FT section

before performing physical therapy to improve their

outcome.

Figure 2. Fibromyalgia Impact Questionnaire (FIQ) and

self-administered Fibromyalgia Assessment Status (FAS)

change (Δ%) between pre- and post-treatment in physical

therapy group (PT) and surgery+physical therapy group

(SPT). Data are showed as mean±SE, “*” represent signifi-

cantly effect with p<0.001.
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