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CLINICAL ARTICLE

Tethered cord syndrome (TCS) consists of a constel-
lation of neurological symptoms and signs, including 
motor and sensory deficits of the lower extremities, 

pain, bowel and bladder dysfunction, and sexual dysfunc-
tion.9,29 It is believed to be caused by traction on the distal 
end of the spinal cord due to pathological changes such 
as a thickened filum terminale, spinal cord lipoma, lipo-

myelomeningocele, and arachnoid adhesions.27,29 Although 
not all patients with radiological evidence of a tethered spi-
nal cord will develop new symptoms, the indications for 
surgery include new motor deficits, neurogenic pain, and 
deterioration of urinary function.1,3,22,29

Detethering surgery has been a standard procedure for 
TCS in children and adults.15 Although an overall benefit 
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OBJECTIVE  Recurrent tethered cord syndrome (TCS), believed to result from tension on the distal portion of the spinal 
cord, causes a constellation of neurological symptoms. Detethering surgery has been the traditional treatment for TCS. 
However, in cases of recurrent TCS, there is a risk of new neurological deficits developing, and subsequent retethering is 
difficult to prevent. Spinal column shortening has been proposed as an alternative technique to reduce the tension on the 
spinal cord without incurring the morbidity of revision surgery on the spinal cord. The authors compared the periopera-
tive outcomes and morbidity of patients who were treated with one or the other procedure.
METHODS  The medical records of 16 adult patients with recurrent TCS who were treated between 2005 and 2018 were 
reviewed. Eight patients underwent spinal column shortening, and 8 patients underwent revision detethering surgery. 
Patient demographics, clinical outcomes, and perioperative factors were analyzed. The authors include a video to illus-
trate their technique of spinal column shortening.
RESULTS  Within the spinal column shortening group, no patients experienced any complications, and all 8 patients 
either improved or stabilized with regard to lower-extremity and bowel and bladder function. Within the revision detether-
ing group, 2 patients had worsening of lower-extremity strength, 3 patients had worsening of bowel and bladder function, 
and 1 patient had improvement in bladder function. Also, 3 patients had wound-related complications. The median esti-
mated blood loss was 731 ml in the shortening group and 163 ml in the revision detethering group. The median operative 
time was 358 minutes in the shortening group and 226 minutes in the revision detethering group.
CONCLUSIONS  Clinical outcomes were comparable between the groups, but none of the spinal column shortening 
patients experienced worsening, whereas 3 of the revision detethering patients did and also had wound-related compli-
cations. Although the operative times and blood loss were higher in the spinal column shortening group, this procedure 
may be an alternative to revision detethering in extremely scarred or complex wound revision cases. 
https://thejns.org/doi/abs/10.3171/2019.12.SPINE19659
KEYWORDS  spinal column shortening; revision detethering; adult tethered cord syndrome; osteotomy; recurrent 
tethered cord syndrome; congenital
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with untethering procedures has been reported, interpreta-
tion of these results is difficult due to the heterogeneity of 
the patient population and variations in the surgical tech-
niques used.10,15,​17,​20,​24,26 In adults, TCS usually occurs in the 
setting of a previously repaired congenital anomaly with a 
structurally abnormal spinal cord attached to an overlying 
soft-tissue scar. Detaching the spinal cord from the soft 
tissues can often result in new neurological deficits, often 
the same deficits that are intended to be reversed by the 
procedure. In addition, the occurrence of spinal cord re-
tethering after the index surgery for detethering has been 
reported to be up to 50%.9,15,​16,20 Operative complications 
such as CSF leakage, new-onset weakness, sensory loss, 
bladder dysfunction, and wound healing issues are fre-
quently reported.3,9,​15,​16,​24,25 In particular, detethering pro-
cedures in patients with spinal cord lipomas or dysraphic 
conditions have poor outcomes after surgery.13 Therefore, 
alternative options should be considered for those patients 
in whom detethering procedures may result in a higher 
likelihood of neurological deficits.

Based on a cadaveric study reported by Grande et al.,4 
spinal column shortening has been shown to be an effec-
tive method to reduce the tension of the spinal cord and 
nerve roots. This technique was first used as a treatment 
for a low-lying conus medullaris by Kokubun et al.14 It has 
been shown that a 15- to 25-mm thoracolumbar osteotomy 
can significantly reduce spinal cord tension.4 To date, only 
a few clinical studies have reported the outcomes of spinal 
column shortening for the treatment of TCS.2,6–8,​14,​19,​23,28 We 
have used spinal column shortening in adult patients be-
cause this group has reached skeletal maturity and future 
growth is not an issue. The purpose of this study was to 
compare the outcomes of revision detethering with those 
of spinal column shortening in adults with recurrent TCS.

Methods
Patient Cohort

A retrospective chart review of adults who were treated 
from 2005 to 2018 at the University of California, San 
Francisco (UCSF), with either spinal column shortening 
or revision detethering for recurrent TCS was performed. 
This study was approved by the Committee on Human 
Research. Inclusion criteria were 18 years or older, MR 
images demonstrating a tethered cord, clinical symptoms 
related to the tethered cord, and a surgical procedure to 
treat the TCS. Patients were excluded if they were young-
er than 18 years, had active malignancy or infection, or 
had a traumatic cause of their symptoms. Records were 
reviewed for preoperative symptoms, postoperative neu-
rological function, bowel and bladder function before and 
after surgery, operative times, estimated blood loss (EBL), 
and type of surgeries.

Surgical Procedure
Revision Detethering

For the revision detethering cases, the patients were 
placed prone, and revision laminectomies were performed. 
With the aid of the operating microscope, the dura was 
reopened, and the spinal cord was identified. The spinal 
cord was gently dissected and freed off the dura using mi-

croinstruments. Because of the overlap between pediatric 
and adult neurosurgery, these cases were performed joint-
ly by a pediatric neurosurgeon and an adult spinal neu-
rosurgeon. Neuromonitoring was always used, and, after 
adequate detethering was performed, the dura was closed. 
An expansion duraplasty was performed only if it was felt 
intraoperatively that there was not enough room for the 
spinal cord and nerve roots with direct primary closure. If 
primary closure would not compress the neural elements, 
then a primary closure was performed. However, if the 
primary closure would result in constriction of the neu-
ral elements, then a duraplasty was also performed. Thus, 
each case was addressed individually based on intraopera-
tive findings. In complex wound revision cases, the plastic 
surgery team was also involved to close the wound. These 
patients were kept flat in bed for approximately 2–3 days, 
depending on the quality of the dura and the quality of the 
closure.

Spinal Column Shortening
The procedure has been described in detail elsewhere,6,7 

but we will briefly mention our technique here. The level 
of the osteotomy chosen was usually at the thoracolumbar 
junction. This level was chosen so that the surgery was 
away from the previous surgery, yet close enough to the 
tether that it could be effective. In addition, L1 or L2 was 
usually chosen as the distal level of fusion in order to try 
to avoid accelerating degeneration of the lumbar spine. 
In most cases, instrumentation at 2 levels above and be-
low was performed. Laminectomies at the osteotomy site 
and above and below were performed. The pedicles were 
removed, and the lateral walls were dissected. A tempo-
rary rod was placed. The vertebral body was decancel-
lated, and the lateral walls and posterior cortex were re-
moved. The anterior wall was shaved paper thin using a 
high-speed burr, but not penetrated with the burr, which 
was confirmed with fluoroscopy. After the anterior cortex 
was thinned, the entire spinal column was shortened by 
closure of the osteotomy with gentle compression on the 
screws. Neuromonitoring was used, and, if there were any 
changes, the compression was released. The other rod was 
placed, the screws were tightened, and arthrodesis was 
performed with local osteotomy and laminectomy bone 
(Fig. 1 and Video 1). 

VIDEO 1. Surgical video demonstrating the technique of spinal col-
umn shortening. Copyright Dean Chou. Published with permission. 
Click here to view.

No lumbar bracing or casting was used in any of the spinal 
shortening cases.

Results
Sixteen patients met the inclusion criteria; 8 patients 

underwent spinal column shortening, and 8 patients un-
derwent revision spinal cord detethering. The median ages 
were 47.5 and 48 years, respectively. The mean follow-up 
was 2.1 years (range 0.6–3.6 years) in the spinal column 
shortening group and 3.2 years (range 0.4–13 years) in the 
revision detethering group. Of the patients in the spinal 
column shortening cohort, the median operative time was 
358 minutes, and the median EBL was 731 ml. Within 

https://vimeo.com/379013337
https://vimeo.com/379013337
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the revision detethering cohort, the median operative 
time was 226 minutes, and the median EBL was 163 ml. 
Two patients in the revision detethering cohort had dura-
plasty. Within the revision detethering group, 2 patients 
had worsening of lower-extremity strength, 3 patients had 
worsening of bowel and bladder function, and 1 patient 
had improvement of bladder function. The detethering co-
hort had 3 wound-related complications, with 2 CSF leaks 
and 1 wound infection (Table 1). In the spinal column 
shortening group, 6 of 8 patients had improvement in their 
preoperative pain, and 4 of 8 patients had improvement in 
their urinary function. In the detethering cohort, the mean 
visual analog scale (VAS) score for back pain decreased 
from 5.8 to 2.3, and that for leg pain decreased from 4.5 to 
2. In the spinal column shortening group, the mean VAS 
score for back pain decreased from 8.4 to 4.3, and that for 
leg pain decreased from 6 to 2.2. The numbers in each 
group were insufficiently powered to calculate a statistical 
difference. None of the spinal column shortening patients 
had worsening of neurological or bowel and bladder func-
tion, and none had perioperative complications (Tables 2 
and 3).

Discussion
In children, symptoms caused by TCS are attributed to 

growth and lengthening of the spinal column and spinal 
cord. In adults, although growth is complete, symptoms 
are believed to arise from daily motion and activity in the 
setting of chronic tension on the distal spinal cord. Such 
activity can lead to neurogenic pain, motor and sensory 
neurological deficits, and worsening bowel and bladder 
function. In cases without prior surgery or spina bifida, 
a primary filum terminale release can be performed in a 
straightforward manner with minimal sequelae. However, 
in cases of recurrent tethering, previous surgery, abnormal 
soft-tissue coverage of the posterior lumbar spine, dural 
ectasia, and congenital malformations can increase the 

FIG. 1. Preoperative (A) and postoperative (B) lateral radiographs 
obtained in a patient with a tethered cord who underwent T12 spinal 
column shortening. The spinal column was shortened from 27.2 to 10.2 
mm. Preoperative (C) and postoperative (D) sagittal T2-weighted MR 
images demonstrating release of the spinal cord tension (arrowheads) 
after spinal column shortening (arrows).

TABLE 1. Demographic summary of revision detethering patients

Age (yrs), 
Sex Previous Op Preop Presentation

Postop Neurological 
Change

Postop Bowel/​ 
Bladder Change FU (yrs) Complication

50, M Detethering ×2 Progressive rt leg weakness & drop 
foot

Worsening rt leg weak-
ness, lt leg weakness

Urinary reten-
tion

3.8 Pseudomeningocele

55, M Detethering in child-
hood

Abnormal sensation of leg, urinary 
incontinence since childhood

No change No change 1.1 Wound infection

43, F Detethering at age 
5 yrs

Back pain, urinary incontinence for 
2 yrs

Pain improved No change 0.5 None

37, M Detethering at age 
6 mos

Severe leg pain, sexual dysfunction, 
progressive urinary retention

Pain improved Improved 0.4 None

55, F Detethering surgery 
in adulthood

Back & leg pain Persisting pain No change 1.3 None

50, F Detethering in 
adulthood

Lt calf atrophy, urinary retention No change No change 1 None

46, F Detethering ×3 Neurogenic bladder Leg weakness by 1 grade Worsening 13 CSF leak
35, M Detethering & 

lipoma excision
Bilat leg weakness, bowel/bladder 

dysfunction
Decreased sensation 

of leg
No change 4.5 IONM signal change, 

surgery stopped

FU = follow-up; IONM = intraoperative neuromonitoring.
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complexity and length of the procedure. Direct manipula-
tion of the spinal cord is believed to cause new neurologi-
cal deficits. Poor wound healing of the posterior lumbar 
spine with wound breakdown, infection, and CSF leak are 
common complications. Spinal column shortening avoids 
some of these complications but has its own specific com-
plications.

Lee et al. reported their experience with 60 patients un-
dergoing revision spinal detethering and noted a wound-
related complication rate of 22% (CSF leak, infection, 
meningitis); 2 patients worsened neurologically.15 How-
ever, they reported that up to 90% of patients had overall 
improvement. Selcuki et al. reported up to 95% improve-
ment with spinal cord detethering in adults; however, it 
is unknown how many of these patients were undergoing 
revision detethering.24 Klekamp reported that in primary 
detethering procedures, there was an 89% improvement 
rate.13 However, when performing revision detethering 
surgery in patients with either dysraphic cysts (dermoid, 
epidermoid, or neurenteric cyst) or lipomas, clinical dete-
rioration occurred in all patients within 10 years. He also 
commented that the “benefit of secondary operations…
was limited,” and “revision surgery in patients with com-
plex dysraphic lesions should be performed in exceptional 
cases only.” Sofuoglu et al. reported 23 cases of adult spi-
nal cord detethering, with a 26% complication rate related 
to the surgical wound (CSF leak and infections).26 They 

concluded that spinal cord detethering in adults is a “com-
plex procedure and has serious complications.” Thus, 
based on previous publications, it appears that either pri-
mary detethering procedures or detetherings without dys-
raphic features or lipoma probably have good outcomes, 
but complex revision cases with dysraphic cysts or lipoma 
may carry increased morbidity with revision detethering.

Spinal column shortening performed via a vertebral os-
teotomy as an alternative to revision detethering has been 
described by several authors as case reports with success-
ful initial outcomes.6,11,​12,18 There are very few reports of 
comparison studies, however. In 2010, Hsieh et al. noted 
that there were only 18 reported cases of spinal column 
shortening to date in the literature.7 Nakashima et al. re-
ported 3 cases of spinal column shortening and compared 
them with 11 cases of detethering for a total of 14 cases.19 
They concluded that spinal column shortening had results 
comparable to those of detethering, and they also stated 
that spinal column shortening resulted in “better clinical 
improvement than untethering surgery.” Hou et al. report-
ed 15 cases of spinal column shortening with no complica-
tions and good outcomes.5 Kokubun et al. reported 8 cases 
of spinal column shortening in patients with lipomyelo-
meningocele; they reported that 6 patients reported initial 
improvement, but 4 of those 6 patients subsequently wors-
ened.14 Aldave et al. reported on 7 patients, both adults 
and children, who underwent spinal column shortening, 

TABLE 2. Demographic summary of spinal column shortening patients

Case 
No.

Age 
(yrs), 
Sex Prior Op

Preop  
Presentation

Postop 
Neurological 

Change
Postop Bowel/

Bladder Change
Osteotomy 

Level

No. of 
Fusion 
Levels

Levels 
Fused

FU 
(yrs) Complication

1 28, M Detethering 
in child-
hood

Back pain, rt lower-
extremity weakness, 
urinary frequency & 
incontinence

Abnormal sensa-
tion improved, 
persisting pain

Improved T12 5 T10–L2 3.5 None

2 32, M Detethering 
in child-
hood

Back pain, neurogenic 
bladder

Pain improved Improved T12 5 T10–L2 3.6 None

3 54, M Detethering 
in adult-
hood

Back & leg pain Partially improved No change T11 5 T9–L1 2.7 None

4 59, F Thoracic 
tumor 
removal

Leg weakness, urinary 
incontinence, buttocks 
burning pain, radiation 
pain

Abnormal sensa-
tion improved, 
pain improved

Improved T10 5 T8–12 2.7 None

5 44, F Detethering 
& tumor 
biopsy

Bowel/bladder inconti-
nence, back & leg pain

Leg pain improved Improved T11 5 T9–L1 0.6 None

6 52, F Detethering 
in child-
hood

Burning sensation in feet Pain improved No change T11 5 T9–L1 0.8 None

7 18, F Detethering 
×3

Back pain, leg weakness Pain improved No change T12 4 T10–L1 1.9 None

8 51, M Detethering 
in adult-
hood

Urinary incontinence, leg 
weakness

No change No change T10 5 T8–12 0.9 None
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and they concluded that spinal column shortening was a 
“safe and efficacious alternative to traditional untether-
ing.”2 Thus, most reports have shown that spinal column 
shortening has been beneficial, and the complication rate 
is acceptably low, especially when compared with revision 
detethering.

There are possibly 4 main reasons why less blood loss 
is observed with spinal column shortening than with tradi-
tional 3-column osteotomies (e.g., lumbar pedicle subtrac-
tion osteotomy [PSO]). First, the lower thoracic vertebrae 
are much smaller than lumbar vertebrae. A small vertebra 
makes dissection, osteotomy, and hemostasis less oner-
ous than a larger lumbar vertebra, resulting in decreased 
blood loss. Second, before performing the osteotomy, we 
first perform bipolar cauterization of the epidural venous 
plexus because, once the osteotomy is performed through 
the venous plexus, significant bleeding ensues that cannot 
be tamponaded or coagulated. Also, during lateral verte-
bral wall dissection, the segmental vessels are coagulated 
if they are bleeding and not simply tamponaded. Third, 
2 of the cases were performed in a mini-open fashion. 
This means that the pedicle screws were placed in a per-
cutaneous manner, and only the area over the osteotomy 
was opened in the traditional manner. This mini-open ap-
proach may have also accounted for the decrease in blood 
loss because of the smaller surgical opening. Finally, the 
fusion levels were mainly in the thoracic spine and up-
per lumbar spine. These levels generally have less tissue to 
dissect through and are closer to the skin than are levels of 
the deep lumbar spine, which subsequently results in less 
muscular dissection and exposure of bleeding soft tissue.

As summarized earlier, revision detethering entails 
surgery that is much more challenging than initial deteth-
ering and is associated with a higher complication rate.13 
To our knowledge, this paper provides the first compari-
son of revision detethering versus spinal column shorten-
ing exclusively in adult patients with recurrent tethering. 
Our results are comparable to those of previous studies, 
but we also found increased morbidity and complications 
in the detethering group, most likely because other stud-
ies combined initial procedures and revision procedures, 
whereas our series included only patients with recurrent 
TCS. We did find that operative times were longer and 
EBL was greater in patients who underwent spinal column 
shortening, which is not unexpected given that these cases 
were essentially 3-column osteotomies (albeit on a smaller 
scale than a lumbar osteotomy performed for deformity) 
and multilevel instrumented fusions. Although there have 
been attempts to decrease morbidity associated with this 
procedure with less invasive techniques,21 this procedure 
has not yet been widely adopted, and open, traditional sur-
gery remains the mainstay of spinal column shortening. 

Despite the added morbidity of spinal column shortening, 
outcomes nonetheless remain promising compared with 
revision detethering.

Despite the fact that 3-column osteotomies were per-
formed in the spinal shortening group, there were no com-
plications. There are potentially several reasons for this 
low rate of complications. The area of surgery is intention-
ally chosen to be far away from the previous surgery, and 
thus, the region of surgery did not have scar tissue over 
the dura, decreasing the complication rate with regard to 
CSF leak. Another reason is that the nerve roots in the 
lower thoracic spine can be sacrificed or damaged dur-
ing surgery without resulting in a neurological deficit. The 
third reason for the low complication rate is that there is 
no angular correction of the spine, unlike with traditional 
PSO, only a shortening, thus decreasing the tension on the 
spinal cord without adding new angular stress. Another 
reason is that with lumbar PSO, there is psoas muscle dis-
section (and concomitant lumbar plexus manipulation) 
that can result in postoperative weakness unrelated to 
spinal cord or intraspinal nerve manipulation. Since the 
shortening osteotomy is performed in the lower thoracic 
spine, the psoas muscle and the plexus cannot be damaged 
or irritated from the lateral wall dissection. In addition, 
these shortening procedures are essentially performed in 
virgin areas of the spine, far away from poorly healed pre-
vious incisions and scar tissue. However, because of the 
short follow-up, long-term complications (pseudarthrosis, 
implant failure, junctional problems) may not be recorded 
in this preliminary series.

There are several limitations of this study. First, the co-
hort was small with only 16 patients in total—8 patients in 
the spinal column shortening group and 8 in the revision 
detethering group—which limits the statistical power that 
could be achieved. However, the condition is not that com-
mon. Moreover, almost all previously published studies 
have fewer than 20 patients, with most studies reporting 
single-digit numbers. Also, the uniqueness of this study 
is that it represents recurrent tethering in adults; thus, all 
16 patients had previously undergone detethering, making 
these 2 cohorts more homogeneous than those in many 
other reports, which may have included a compendium of 
tethered fila, lipomyelomeningoceles, recurrent tethers, 
and virgin cases. Another limitation of this study is the 
lack of routine postoperative urodynamic measurements. 
Although many of the patients underwent preoperative 
urodynamic studies, formal postoperative urodynamic 
studies were not performed because of 1) the invasiveness 
of the test, 2) the cost, and 3) the response from the patient 
in terms of subjective urinary function. Thus, quantitative 
urodynamics would have been ordered only for worsen-
ing urological function, and none of the spinal column 

TABLE 3. Preoperative and postoperative mean VAS scores

Cohort
VAS Back VAS Leg

Preop Postop Improvement Preop Postop Improvement

Revision detethering (n = 6) 5.8 2.3 3.5 4.5 2 2.5
Spinal shortening (n = 8) 8.4 4.3 4.1 6 2.2 3.8
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shortening patients had worsening urological function. An 
additional potential limitation is inclusion of any postop-
erative tumor patients, obfuscating the diagnosis of spinal 
cord tethering. However, we would propose that in such 
cases, the actual tethering is not due to the tumor but rath-
er due to scar tissue and arachnoid adhesions arising as a 
result of previous resection. Moreover, the postoperative 
MR images showed no evidence of enhancement, suggest-
ing that it was unlikely that a recurrent tumor was causing 
spinal cord tethering. Another limitation of this study is 
whether the potential differences observed were related to 
the surgical technique performed in the revision detether-
ing cohort and in the spinal shortening cohort. However, 
the surgical cases were contributed equally by 4 senior 
staff surgeons from UCSF, and all cases were discussed at 
a group spine conference; therefore, the differences in skill 
set and technical abilities may not have been as much of a 
factor because all surgeries were performed by the same 
4 senior staff surgeons from UCSF. Although the periop-
erative morbidity of spinal column shortening appears ac-
ceptable, long-term outcomes will need to be assessed to 
evaluate the durability of spinal column shortening.

Conclusions
In the comparison of spinal column shortening with re-

vision detethering in adult recurrent TCS, we found that 
there were more complications with revision detethering 
and that neurological outcomes were acceptable in spinal 
column shortening patients. Although there was increased 
blood loss and operative time in the spinal column short-
ening cohort, shortening may represent an alternative in 
patients who have lipomyelomeningoceles, dysraphic 
cysts, or complex wound issues.
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