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1. Introduction

Teth​ered cord syn​drome (TCS) is a con ​gen ​i​tal mal​for ​ma​tion due
to er ​rors dur ​ing em​bry ​onic de​vel​op​ment of neural axis, con ​sist​ing in
at​tach ​ment of spinal cord to the base of ver ​te​bral canal, as ​so​ci​ated
with var ​i​ous forms of dys ​raphism [1–3]. Most cases are di​ag ​nosed in
child ​hood; rarely pa​tients progress to adult​hood in ab ​sence of neu ​ro ​-
log ​i​cal deficits. Symp​to ​matic TCS in adults causes in ​sid​i​ous and pro ​-
gres ​sive lower limbs weak​ness and uri​nary dis ​tur ​bances. On​set or
wors ​en ​ing of symp​toms in adult​hood may be re​lated to ver ​te​bral
trauma or, rarely, de​gen ​er ​a​tive spine dis ​ease (steno ​sis and/​or disc her ​-
ni​a​tion) [4]. In pres ​ence of low-ly ​ing cord, lum​bar disc pro ​lapse or
canal steno ​sis may pro ​duce spinal cord com​pres ​sion and myelopa​thy
[5].

Re​port​ing a case of as ​so​ci​a​tion be​tween TCS and lum​bar spine
de​gen ​er ​a​tive steno ​sis caus ​ing lum​bar myelopa​thy, a lit​er ​a​ture re​view
has been per ​formed. Clin ​i​cal as ​pects and pos ​si​ble sur​gi​cal ap ​-
proaches are con ​sid​ered.

Dif​fer ​ently to pre​vi​ous sur​gi​cal so​lu ​tions con ​sist​ing in pos ​te​rior
de​com​pres ​sion of low-ly ​ing spinal cord [4,6,7], com​bined or not with
fix ​a​tion, we per ​formed lum​bar in ​di​rect de​com​pres ​sion and arthrode​-
sis by XLIF ap ​proach (ex ​treme lat​eral in ​ter ​body fu ​sion).

2. Case report

A 69 year old man, still work​ing as vet​eri​nary in pri​vate prac​tice,
suf​fer ​ing from spina bi​fida with sacral meningo ​cele re​ceived sur​gi​cal
re​pair as a new ​born. All life long, as re​ferred, he walked with slight
spas ​tic para​pare​sis and pre​sented oc​ca​sion​ally sphinc​ter dis ​tur ​bances. ​
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He had au ​tonomous so​cial and work​ing life and never did a lum​bar
CT or MRI.

He was ad ​mit​ted in our De​part​ment with a 6-month his ​tory of se​-
vere low back pain and pro ​gres ​sive wors ​en ​ing of pre​ex ​ist ​ing symp​-
toms: 1. para​pare​sis 2. blad ​der and bowel dys ​func​tion (uri​nat​ing in ​-
de​pen ​dently with re​ten ​tion and con ​sti​pa​tion). Neu​ro ​log ​i​cal ex ​am​i​na​-
tion at ad ​mis ​sion showed neu ​ro ​genic clau ​di​ca​tion, spas ​tic para​pare​sis
with weak​ness in lower limbs, in ​creased deep ten ​don re​flexes (ex ​cept
patel​lars), sphinc​ter re​ten ​tion, and sen​sory dis ​tur ​bances with up​per
level at S1. In ​de​pen ​dent am​bu​la​tion was im​pos ​si​ble to sus ​tain.

Lum​bar MRI (Fig. 1) shows the spinal cord teth ​ered to the pre​vi​-
ous sur​gi​cal site of his sacral myelomeningo ​cele as ​so​ci​ated with se​-
vere L3-L4 ver ​te​bral steno ​sis, re​sult​ing in spinal cord com​pres ​sion.
Steno ​sis was caused both by lig ​a​men ​tum flavum hy​pertrophy and
L3-L4 disc her ​ni​a​tion and os ​teo ​phytes.

Bone de​com​pres ​sion and fix ​a​tion by pos ​te​rior ap ​proach was pro ​-
posed but the pa​tient was con ​cerned of heal​ing prob ​lems af ​ter pos ​te​-
rior ap ​proach be​cause of his heavy scar from the re​pair of the
myelomeningo ​cele as a baby. Our rec​om​men ​da​tion to ex ​plore the
myelomeningo ​cele and mi​cro sur​gi​cally detether at the dural level
was re​fused by the pa​tient. As pos ​si​ble al​ter ​na​tive, he ac​cepted an an ​-
te​rior-lat​eral ap ​proach to L3-L4, with in ​di​rect de​com​pres ​sion and
arthrode​sis, min ​i​miz​ing in ​sta​bil​ity by the XLIF tech ​nique as an al​ter ​-
na​tive ra​tio ​nale.

In flexed lat​eral po​si​tion, un​der con ​tin ​u​ous two-pro ​jec​tions-X-
rays con ​trol, an ex ​treme lat​eral in ​ter ​body ap ​proach for dis ​cec​tomy
and arthrode​sis (XLIF) at L3-L4 was per ​formed. A stand-alone
PEEK trape​zoidal cage (Nu​va​sive, San Diego, CA) filled with gel of
hy​drox ​y​la​p​atite was in ​serted in the space, ob​tain ​ing in ​di​rect spinal
cord de​com​pres ​sion and an ​te​rior sta​bil​ity by arthrode​sis.

The post​op​er ​a​tive pe​riod was un​event​ful and the pa​tient re​ferred
im​prove​ment of pre​op​er ​a​tive neu ​ro ​log ​i​cal symp​toms. Seg​men ​tal L3-
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Fig. 1. Pre​op​er ​a​tive lum​bar MRI T2W-im​ages: sagit​tal view. Signs of pre​vi​ous sur​-
gi​cal in ​ter ​ven ​tion at sacral level and low ly ​ing cord as ​so​ci​ated with se​vere canal
steno ​sis at L3-L4, caused by lig ​a​men ​tum flavum hy ​pertrophy, L3-L4 disc pro ​lapse
and os ​teo ​phytes.

L4 CT scan (Fig. 2) and lum​bar MRI showed cor ​rect po​si​tion ​ing of
the cage, with a resid ​ual slight ver ​te​bral canal steno ​sis. Six months
af ​ter surgery, the pre​op​er ​a​tive para​pare​sis and blad ​der dys ​func​tion
were markedly im​proved (con ​firmed by uro ​dy​namic stud​ies and the​

Fig. 2. Post​op ​er ​a​tive lum​bar CT: ax ​ial view at L3-L4 level. In ​ter ​body PEEK cage
con ​tain ​ing os ​teoin ​duc​tive ma​te​r​ial.

sub​jec​tive im​pres ​sion of the pa​tient) and pa​tient re​turned to his pre​vi​-
ous ac​tiv ​ity of daily liv ​ing func​tion.

3. Discussion

TCS is a de​vel​op​men ​tal ab ​nor ​mal​ity re​sult​ing in fix ​a​tion of spinal
cord and nerves, as ​so​ci​ated to spinal mus ​cu ​loskele​tal de​for ​mi​ties and
cu ​taneous signs [1]. The most com​mon le​sions that re​strict phys ​i​o​-
log ​i​cal as ​cent of spinal cord are: thick ​ened filum ter ​mi​nale, di​astem ​-
ato ​myelia, myelomeningo ​ce​les, in ​tra/​ex ​tra-dural lipo ​mas, in ​tradural
neurenteric, der ​moid, epi​der ​moid, or arach ​noid cyst, hamar ​toma, in ​-
tradural fi​brous ad ​he​sions and ad ​he​sive arach ​noidi​tis [2,3,5,8].

Filum ter ​mi​nalis is an elas ​tic struc​ture that pro ​tects the cord
against the stretch [3]. The mech ​a​nism of TCS in any of the above
patholo ​gies is sup​posed to be stretch ​ing and me​chan ​i​cal forces on the
spinal cord and nerves, es ​pe​cially in flex ​ion/​ex ​ten ​sion neck move​-
ments, re​duc​ing re​gional blood flow with dis ​tur ​bance of ox​ida​tive
me​tab ​o​lism [3,7].

Mod​er ​ate en ​tity of trac​tion of spinal cord may re​main asymp ​to ​-
matic and re​sult in de​layed neu ​ro ​log ​i​cal deficits in adult life, mainly
be​cause of re​peated conus medullaris mi​cro-trau ​mas dur ​ing spine
bend ​ing on the stretched spinal cord [1,3,7].

In their lit​er ​a​ture re​view, Auf​schnaiter et al. [8] showed that the
most com​mon symp​toms of TCS in adults are: pain (81.6%), weak​-
ness (72.3%) and sen​sory dis ​tur ​bances (78.7%) of lower limbs, and
uri​nary dys ​func​tions (68.5%). Only 1.5% of sub​jects don't ex ​pe​ri​ence
any neu ​ro ​log ​i​cal deficit.

Two types of adult on​set of TCS are de​scribed [2]: 1. pro​gres ​sive
or sud​den neu ​ro ​log ​i​cal deficits in asymp ​to ​matic pa​tient, with​out pre​-
vi​ous di​ag ​no​sis of TCS and 2. de​te​ri​o​ra​tion of neu ​ro ​log ​i​cal deficit in
pa​tient with TCS di​ag ​no​sis in child ​hood (as our case).

Adult on​set of TCS is still an un​der ​rec​og​nized and prob ​a​bly over ​-
looked phe​nom​e​non; the as ​so​ci​a​tion with de​gen ​er ​a​tive lum​bar spine
dis ​eases is in ​creas ​ingly ob​served and in fo ​cus, how ​ever, still not es ​-
tab ​lished sur​gi​cal and di​ag ​nos ​tic cri​te​ria ex ​ist to se​lect ap ​pro​pri​ate
sur​gi​cal can ​di​dates and in ​ter ​ven ​tion. Re​view ​ing the in ​ter ​na​tional lit​-
er ​a​ture, we have found only six pub​lished cases (Table 1). All pa​-
tients had a well known spinal dys ​raphism di​ag ​nosed in in ​fancy,
treated or not, and pre​sented pro​gres ​sive wors ​en ​ing of their neu ​ro ​log ​-
i​cal deficits [4–6] or a new on​set of symp​toms. Two pa​tients showed
lum​bar disc her ​ni​a​tion [4,5] and other two spinal canal steno ​sis [6].
Our pa​tient had com​bined dis ​cal-stenotic com​pres ​sion.

Ex ​cept our case, every pa​tient re​ceived sur​gi​cal treat​ment with
pos ​te​rior spinal cord de​com​pres ​sion. Sur​gi​cal strate​gies were
laminec ​tomy, facet joints re​moval, dis ​cec​tomy, pos ​tero ​lat​eral in ​ter ​-
body fu ​sion (PLIF), laminec ​tomy or pedi​cle sub​trac​tion os ​teotomy
(PSO) with​out arthrode​sis [4–6,9].

In our case we ob ​tained lum​bar canal “in ​di​rect” de​com​pres ​sion
and in ​ter ​body arthrode​sis by XLIF tech ​nique [10]. XLIF con ​sists of
lat​eral retroperi​toneal trans-psoas ap ​proach to lat​eral side of ver ​te​bral
body, firstly de​scribed by Ozgur et al. [10]. It is a min ​i​mally in ​va​sive
pro ​ce​dure, safe, fast and re​pro ​ducible [5] con ​sist​ing of “in ​di​rect” de​-
com​pres ​sion of lum​bar canal by dis ​cec​tomy and os ​teo ​phy​tec​tomy
and sub​se​quent arthrode​sis for in ​ter ​body fu ​sion with PEEK cage con ​-
tain ​ing os ​teoin ​duc​tive ma​te​ri​als. Main lim​i​ta​tion of XLIF is fea​si​bil​-
ity at L5-S1 for in ​ter ​po​si​tion of il​iac crest. XLIF re​stores disc height
and main ​tains sta​bil​ity by in ​sert​ing a large in ​ter ​body im​plant, pre​-
serv ​ing lig ​a​men ​tous struc​tures. In this way, the in ​ter ​body im​plant
con ​tributes to re​duc​tion of pos ​si​ble radicu ​lopa​thy. In op​po​si​tion,
PLIF (pos ​tero ​lat​eral in ​ter ​body fu ​sion) and laminec ​tomy lead de​struc​-
tion of cap ​sulo-liga​mentous and osseous struc​tures.
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Table 1
Spinal de​gen ​er ​a​tive dis ​ease in adult teth ​ered cord syn​drome. Lit​er ​a​ture re​view.

Authors, years
Age, sex, spinal
dysraphism Neurological symptoms Degenerative lumbar disease Surgical treatment

Martinez-Lage et al. [6],
2001 - Case 1

40 y.o. M, SB occulta not
treated

LBP + CN L3-L4 lumbar canal stenosis Bilateral L3-L4 laminectomy

 Case 2 20 y.o. M, sacral MyMe
treated in infancy

LBP radiated to LL + CN L5-S1 lumbar canal stenosis Bilateral L5 laminectomy

Kawamura et al. [9]
(2010) – Case 1

56 y.o. M, SB LBP + progressive paraparesis
and BD

L3-L4 lumbar canal stenosis Bilateral L3-L4 PSO

 Case 2 60 y.o. F, SB LBP + progressive paraparesis
and BD

L3-L4 lumbar canal stenosis Bilateral L3-L4 PSO

Srinivas et al. [7]
(2012)

77 y.o. F, SB LBP + progressive paraparesis L2-L3 disc herniation Bilateral L2-L3 laminectomy

Endo et al. [4]
(2014)

43 y.o. M, lumbar SB
previously treated

6-month gait dist + numbness in
LL, hyperreflexia

L2-L3 disc herniation Laminotomy, medial facetectomy
discectomy and PLF with ABG

Present case 69 y.o. M, SB + sacral
meningocele

6-month LBP, BD and
worsening paraparesis

L3-L4 lumbar canal stenosis and
lumbar disc herniation

L3-L4 XLIF (indirect decompression-
fusion with PEEK cage)

Legend: y.o. = years old; M = male; F = female; SB = spina bifida; MyMe = myelomeningocele; LBP = low back pain; CN = claudicatio neurogena; LL = lower limbs;
dist. = disturbances; PLF = posterior lateral fusion; ABG = autologous bone graft; BD = bladder dysfunction – PSO = pedicle subtraction osteotomy.

Lat​eral ap ​proach al​lows disc re​moval avoid ​ing ma​nip ​u​la​tion of
neural struc​tures, in op​po​si​tion to PLIF, in which this ma​neu ​ver is un​-
avoid ​able.

As showed by Rodgers et al. [5], pe​ri​op​er ​a​tive com​pli​ca​tions (in ​-
tra​op​er ​a​tive and out to 6 weeks af ​ter surgery) re​lated to XLIF tech ​-
nique are un​com​mon: 6.2%: in a se​ries of 600 pa​tients. In–hos ​pi​tal
surgery-re​lated events were 1.5% (wound in ​fec​tions, vas ​cu ​lar in ​-
juries, vis ​ceral in ​juries); 2.8% in–hos ​pi​tal med ​ical events; 1% out-of-
hos ​pi​tal surgery-re​lated events; 0.8% out-of-hos ​pi​tal med ​ical events;
0.7% tran ​sient neu ​ro ​log ​i​cal deficits [5].

4. Conclusions

Sud​den or pro ​gres ​sive on​set or wors ​en ​ing of para​pare​sis with
spas ​tic gait, blad ​der dysfunc​tion, and acute low back pain in pa​tient
with his ​tory of spinal dys ​raphism must be con ​sid​ered as pos ​si​ble
spinal cord com​pres ​sion for low ly ​ing cord re​lated to TCS. Lum​bar
MRI is manda​tory for cor ​rect di​ag ​no​sis. Sur​gi​cal de​com​pres ​sion
should be per ​formed as early as pos ​si​ble to en ​sure neu ​ro ​log ​i​cal re​-
cov ​ery. As these sce​nar ​ios are still unique, sur​gi​cal ap ​proaches have
to also con ​sider pa​tient's per ​sonal per ​spec​tives and con ​cerns as
shown in our case. XLIF ap ​proach is a sur​gi​cal op​tion to ob​tain
spinal cord in ​di​rect de​com​pres ​sion and lum​bar in ​ter ​body fu ​sion.
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