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Abstract

Study Design: Retrospective observational study.

Objectives: Thoracic disc prolapse (TDP) surgeries have reported complications ranging from paraplegia to approach related
complications. This study is to present a series of TDP patients surgically treated with transforaminal thoracic interbody fusion
(TTIF). Emphasis on surgical technique and strategies to avoid complications are analyzed.

Methods: Eighteen patients with TDP were included. Imagings were analyzed for end-plate changes and calcification. Type of disc
prolapse (central/para-central) and percentage of canal occupancy were noted. Objective outcome was quantified with Visual
Analogue Scale (VAS), modified Nurick’s grade, and ASIA (American Spinal Injury Association) score. All complications were
noted.

Results: Eighteen patients (average age 43.65 years) having total 22 levels operated, that included double level (n¼ 2) and missed
level (n ¼ 2) are reported. All patients had myelopathy. Calcification of disc (n ¼ 13), central disc prolapses (n ¼ 9), para-central
(n ¼ 11) and more than 50% canal occupancy (n ¼ 8) were noted. VAS back pain, modified Nurick’s grade and ASIA grade
improved significantly in all patients. One patient had postoperative transient deficit. The functional score achieved its maximum at
1 year follow-up and remained static at final follow-up of 65.05 months. Union was achieved in all patients.

Conclusions: The most important factor for outcome in TDP is the technical aspect of avoiding cord manhandling and avoiding
wrong level surgeries. TTIF is not devoid of complications but can give good results to posterior approach trained surgeons.
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Introduction

Thoracic disc prolapse (TDP) is infrequent and occurs with

clinical features ranging from radiculopathy to significant mye-

lopathy.1-4 There has been no consensus in the treatment of

TDP as each technique has unique advantages and disadvan-

tages. The reported outcomes with various approaches do not

give the superiority of one over another. Varied approach sur-

geries have reported complications ranging from paraplegia,

paraparesis, recurrent disability/deficits, and other approach-

related complications.2,3,5 Laminectomy was the only histori-

cal treatment ending with reports of high paresis or paralysis up

to even 27%.6,7 Thus, trans-thoracic approach became a gold

standard approach in the management of severe canal

compromised TDP.8,9 In a systematic review of 164 patients

analyzed, 3%, 13%, and 25% had permanent neurologic dete-

rioration in surgery via the transthoracic approach, the poster-

olateral approach, and the thoracoscopy approach,

respectively.9 However, posterior approach decompression

with or without fusion has been advocated as an alternative
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and successful treatment modality in other reports.10-17 One of

the main problems is that an accomplished spine surgeon will

see very low numbers of TDP in his life time. This makes long

series reporting less likely. We present our case series of TDP

surgically treated with transforaminal thoracic interbody fusion

(TTIF). We also analyzed the radiological features, surgical

technique, complications and strategies to avoid complications.

Materials and Methods

This was a retrospective observational study. So, no institu-

tional/independent ethics committee approval was needed.

Informed consent was taken from all patients. Eighteen patients

operated upon for TDP by TTIF with bone graft alone or bone

graft and cage between July 2010 and January 2015 at our

institute with a minimum follow-up of 3 years were included

in this retrospective study. All the demographic, clinical, radi-

ological, and operative details were reviewed from the hospital

records and on follow-up visits. Age, sex, presence of radiculo-

pathy, myelopathy, and involvement of bladder and bowel

were noted. Visual Analogue Scale (VAS) for pain, modified

Nurick’s grade scoring for myelopathy was used for objective

assessment of disability and affection along with ASIA (Amer-

ican Spinal Injury Association) score.

Radiological Assessment

End-plate damage changes (superior/inferior or both) and cal-

cification at the level of disc prolapse were noted on radio-

graphs. Level of disc prolapse, type (central/para-central),

migration of disc (proximal/distal), end-plate spur, end-plate

defects, status of posterior longitudinal ligament (intact/brea-

ched), and ligamentum flavum hypertrophy-ossification were

noted on magnetic resonance imaging (MRI) and computed

tomography (CT) scans. CT scan was obtained only in a few

patients.

Calcified spurs are end-plate ossifications/projections that

are accompanied by soft/hard disc fragment. End-plate

defects are the discontinuity or breaks noted in the superior

or inferior end plates at the disc prolapse level. Schmorl’s

nodes are defined as vertical protrusions of the contents of

the nucleus into the adjacent vertebral body. Canal compro-

mise was measured as <50% or >50% on T2 axial section at

most stenotic level.

Surgical Technique and Strategies

All the patients were operated under general anesthesia in

prone position by a 3-surgeon team. No neuromonitoring was

done. Care was taken to identify the level by cross checking

radiographs with MRI/CT scans and intraoperative C-arm ima-

ging. Freedom of speech and reconfirmation by at least 3 sur-

geons was followed to avoid any missed level surgery.

Operative time, blood loss, dural tear, and strategies employed

were noted. Routine posterior midline approach was used to

expose the posterior elements. Pedicle screws were inserted by

free hand and confirmed by image guidance. Connecting rod

was placed on one side. Laminectomy or laminotomy (Figure 1)

was done manually using rongeur and osteotomes. After

December 2012, UBS (ultrasonic bone scalpel; Misonix Farm-

ingdale, NY, USA) was used for laminectomy and bone sculpt-

ing. Loupe magnification was used when required. Hemostasis

was achieved using bipolar cautery. Symptomatic side/radiolo-

gical prominent compressive side was selected to remove the

contained interbody disc for interbody fusion. No cord retrac-

tion was done to expose disc. Careful dissection in separating

the plane between dura and the disc was done with due care to

adhesions. On selected side, though screw track is made in the

lower body, but it was kept empty. This was to keep better

visibility and avoid visual hinderance by screw head. Total/

partial facetectomy-pediculectomy was completed. Block chi-

sel entry was made into the intervertebral disc and sequential

Figure 1. (A) Illustration showing the wide exposure with laminotomy. Sharp annular margin cut is needed for soft big disc to deliver it ventrally
into the space created in the intervertebral disc area. (B) Complete laminectomy is needed when end-plate spurs of upper end-plate are present.
Oblique markings showing the osteotomy cut that needs to be placed when end-plate spur is present.
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reaming followed by complete debulking done. End-plate pre-

parations were completed and interbody fusion completed. It

was filled with autogenous bone graft alone (local posterior

element harvest) or bone graft combined with cage. The use

of cage or bone graft was decided on the basis of the available

disc space size, age, and associated comorbidities. If there was

small disc space, older age, and any comorbidities that preclude

long-duration surgery, then the cage was avoided. After this

procedure, the actual compressive intracanalicular disc was

addressed to remove it. Strategies employed were multiple but

not limited to one and varied from case to case depending on

the location of the disc, size/migration, hardness of the disc and

associated end-plate calcific spur. These were to avoid patho-

logical cord manipulation and to get the best visualized angle to

achieve complete ventral compression. The strategies were the

following:

A. Superior half of pedicle or the complete pedicle

removed when inferior vertebral superior end plate

spur was present or high downward migration was

present.

B. Tying of the root and sacrificing it when superior

vertebral inferior end-plate spur was present or big

calcified or high upward migration was present.

C. Skin transverse incision and transverse multifidus

muscle cutting (T incision, ie, horizontal T) with

single rib and transverse process excision to have

lateral extra cavity approach (LECA) was taken

in central big disc with or without calcifications.

D. Only skin transverse incision and transverse multi-

fidus muscle cutting (T incision) without any LECA

to improve the exposure and improve angle of

approach was taken when calcification was only

para-central and desired angle was not obtained from

direct midline approach.

E. Opposite side facet was sacrificed to reach the disc

and release the ventral part attachment which has a

continuous opposite side with or without compres-

sion. This was not needed in unilateral migrations

or extrusions which were soft.

F. When migrated extruded piece in visibility pres-

ent, it was delivered out directly from the spinal

canal first laterally then out. For soft disc protru-

sion without spurs perpendicular cut was made at

annulus endplate junction (Figure 1a). But, if the

central disc was present or calcified spurs are

associated, osteotome was used to cut through

the spur margins obliquely with the body

(Figure 1b). Then the compressive soft-hard disc

was pushed into the already created ventral empty

disc cavity before it was pulled out. The vertebral

body osteotomy is limited to the posterior

1/4th and posterior elements only. Extensive

reconstruction and deformity correction are not

needed as against in a posterior vertebral column

reconstruction.

Postoperative Protocol and Follow-up

No anticoagulants were given as it is institutional protocol to

give only mechanical prophylaxis. All patients were subjected to

postoperative T2 sagittal screening MRI as a routine protocol.

This was to check for level and adequacy of decompression.

Postoperative mobilization was started after 24 hours as toler-

ated and based on patients’ neurological status. Patients were

discharged on fourth to sixth postoperative day. Postoperative

neurological improvement was evaluated by modified Nurick’s

grade and with ASIA score. VAS was noted for back pain. Post-

operative neurological worsening was noted along with any

complications in recovery period. Complications were noted as

major (that interfered with treatment significantly or outcome

course) and minor (which did not interfere significantly).

Follow-up radiographs were taken and assessed for presence

of bony union and status of instrumentation. Fusion was consid-

ered if there was no loss of fixation and no peri screw loosening

at 3-year follow-up with or without apparent continuous bone

formation between the vertebral body.

Statistics

Patients’ demographics and characteristic categorical variables

were analyzed. Mean (standard deviation) for applicable vari-

ables were calculated. Each category was compared by using

appropriate statistical tools like Wilcoxon test, Pearson corre-

lations, unpaired Student t test, and paired t test. The signifi-

cance of the relation was considered in patients only if P < .05.

When the data was not normally distributed, nonparametric

Mann-Whitney test was used to find significance of difference.

The software used was SPSS version 20.0.

Results

No institutional review board approval was needed as it was a

retrospective observational study. Eighteen patients were

enrolled in the study. All patients were operated upon with high

risk consent. There were 17 males and 1 female with mean age

of 43.65 (12.53) years. Twelve patients had myelopathy and 6

patients had myeloradiculopathy. Total number of levels oper-

ated were 22, which included double level in 2 cases. Also, in it

are included 2 missed level surgeries. T8-9 (n ¼ 1), T10-11

(n ¼ 6), T11-12 (n ¼ 8), T12-L1 (n ¼ 7) were the levels

addressed. On radiographs, end-plates were normal (n ¼ 7),

calcification of disc (n ¼ 13), and end-plate spur (n ¼ 16) in

the involved levels. On MRI, central disc prolapses (n ¼ 11),

right para-central (n ¼ 10), and left para-central (n ¼ 1) were

noted. Eight cases had more than 50% canal occupancy. Eleven

cases had end-plate defects on MRI: superior (n ¼ 0)/inferior

(n ¼ 8)/both (n ¼ 3). Seven cases had superior migration of

disc, 3 had inferior migration, and 12 were central. Posterior

longitudinal ligament was intact in 15 patients and breached in

¼ 3 patients. CT were done in 6 cases only. Associated liga-

mentum flavum hypertrophy was seen at the level of disc pro-

lapse in 2 cases. One case had laminectomy done previously at
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the same level of disc prolapse with no relief of symptoms.

Associated L4-5 stenosis was operated with transforaminal

lumbar interbody fusion in the same sitting in 1 patient and

1 patient had L5-S1 lytic listhesis that was asymptomatic and

not addressed. Exposure was only midline posterior approach

(n ¼ 10), T incision (n ¼ 5), and additional more access with

LECA needed in 3 cases (Table 1). Interbody cage with bone

graft was used in 15 cases and only bone graft in 3 cases. To

avoid manipulations various strategies were used as needed to

deliver the soft-hard ventral compression. The roots were

sacrificed in 3 case bilaterally and 5 cases needed only uni-

lateral sacrifice. Mean (SD) operative time was 130 (26) min-

utes. Estimated blood loss was 221.67 (71.97) mL. One

patient had calcification of the dura itself with a migrating

fragment, which was removed with focal planned durectomy

without any untoward complications.

The VAS for back improved from 6.94 (1.11) preoperative

to 1.0 (0.9) postoperatively at follow-up and was significant

(P < .0001). The modified Nurick’s grade improved from 3.44

(1.09) preoperatively to 1.66 (0.38) postoperatively at follow-

up and was significant (P < 0.001). ASIA grade numerically

improved from 2.33 (0.76) preoperatively to 2.94 (0.23) post-

operatively at follow-up and was significant (P ¼ .0137). The

improvement of the functional score achieved its maximum at

1-year follow-up in all patients (Figure 2). These outcomes

remained static at final follow-up of 65.05 (12.24) months.

Union was achieved in all patients and no construct failure

noted or disc space collapse or implant failure.

Two patients had missed levels surgery and one of them

developed deficit (2 major complications). One was detected

intraoperatively when the intended compression was not appre-

ciable, and exploration was done at the lower level to correct

further in the same sitting. The other one could not be identified

intraoperatively, showed neurological deterioration, and was

found to have been operated at the wrong level on postopera-

tive MRI. He was operated on next day followed by quick

neurological improvement at 6 weeks without any residual

symptoms or disability at final follow-up. Three minor com-

plications occurred. Nonrepairable dural axillary tear occurred

in 1 patient that did not give any postoperative symptoms need-

ing management. One patient had delayed wound healing at the

T crossing point in LECA that took 5 weeks to secondarily

heal. One patient had urinary tract infection managed

conservatively.

Discussion

Historically as reported, only 0.15% to 4% of all symptomatic

disc herniations are in thoracic spine.18,19 More commonly, the

lower thoracic discs are involved and 75% of all the TDP are

reported to occur below T8.18 TDP typically present with a

variety of nonspecific symptoms, frequently leading to a wrong

or delayed diagnosis.11,20,21 Men are more affected than

women in TDP, with a peak age affection between 40 to

50 years.5 In our series also it was most common at T11-12

Table 1. Surgical Decision Affecting Radiological Features of Thoracic Disc Prolapse and the Main Strategic Decisions for Approach and 360-
Degree Decompression of the Cord.

No. Sex Level

Prolapsed
Nucleus

Calcification
(þ/�)

End-plate Spur,
Bilateral Both
Right and
Left (B),
Unilateral (U)

Migration
Nil/Up/
Down

Posterior
Longitudinal
Ligament
Breached (B)
or Intact (I)

Central
(C)/Para-
Central (PC)

Canal
Occupancy

(%)

Midline/
T-Incision/
LECA

Bilateral
Right and Left

Access and
Release (þ/�)

1 Male T10-T11 þ B Nil B PC >50 LECA þ
2 Male T11-T12 � B Up I C <50 Midline þ
3 Male T12-L1 þ B Down I C <50 Midline þ
4 Male T11a-T12-L1 þ U Up I PC <50 Midline þ
5 Male T11-T12 þ B Down B PC >50 T incision þ
6 Male T10-T11 þ U Nil I PC <50 Midline þ
7 Male T11a-T12-L1 � U Nil I PC <50 Midline �
8 Male T12-L1 þ U Up I PC <50 T incision �
9 Male T12-L1 � U Up I PC <50 Midline �
10 Male T10-T11 þ U Nil I PC <50 Midline �
11 Female T12-L1 þ B Up I PC >50 LECA þ
12 Male T11-T12 þ B Nil I C <50 Midline þ
13 Male T12-L1 þ U Down B PC <50 Midline �
14 Male T11-T12 þ B Up I C >50 T incision þ
15 Male T10-T11 � B Nil I C >50 T incision þ
16 Male T8-T9 þ U Nil I C >50 LECA þ
17 Male T11-T12 þ B Up I PC >50 T incision þ
18 Male T11-T12 þ U Nil I C >50 Midline þ

Abbreviation: LECA, lateral extra cavity approach.
a Two levels affected.
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level (n ¼ 8) and occurrence was predominantly in males (17,

94.44%) in their 40s.

Only laminectomy did not reduce ventral forces on the

spinal cord and spinal cord manipulation was not tolerated well

during discectomy with this approach.22 In fact, only laminect-

omy is contraindicated and an incomplete decompression by

laminectomy can cause hourglass narrowing of the adjacent

missed level by vascular congestion, which may precipitate a

neurological deficit as occurred with one of our patients of

missed level. But, it has been still recently considered for

elderly patients with calcified TDP and some benefits.23

Alternative surgical procedures that have been developed

include oblique paraspinal,24 posterolateral (transfacet pedi-

cle sparing,11-14,19 transcostovertebral,25 costotransverse-

ctomy2), LECA,3,26 anterolateral (transthoracic,27

thoracoscopic21) and mini-thoracotomy approaches.28 Fess-

ler et al28 have concluded that the decision for a particular

technique should include the consideration of the anatomical

location of the herniated material, general health of the

patient and surgeons experience. They have even concluded

that the mortality and morbidity are virtually identical

between different techniques.28 Anterior approaches have

been favored because of their ability to safely achieve

ventral cord decompression. They have advantages of good

visualization but carry potential morbidity associated with

thoracotomy.29 However, anterior approaches have been

found difficult in cases with chest disease, decreased

respiratory function, extreme obesity and to address the

ligamentum flavum hypertrophy.5,9,29,30 Postoperative pneu-

monia, cerebrospinal fluid leakage, pulmonary embolism,

deep vein thrombosis, intensive care unit stays, readmis-

sions, longer hospital stay, and intercostal neuralgia have

been serious sequelae with anterior approach.5,9,30

In contrast to cervical and lumbar canal, thoracic canal is

smaller and difficult to enter and explore ventrally without a

facetectomy. Different variations and extensions of the

approach were followed by us to increase the working angle

of the surgeon directly to the ventrally located disc (Figure 3).

Midline or T incision alone or with LECA helped us to get the

best visualization and working angle, which was the first

essential thing before decompressing ventral to cord. Custo-

mized long, down-going, and various angled curettes to

achieve a unilateral decompression by a medial sparing trans-

facetal approach is also reported along with a novel osteotome

in similar segmental fusion-decompression method.15-17 If

they provide equal ventral exposure like anterior approach,

Figure 2. Magnetic resonance imaging (MRI): T2 sagittal (A), T1 axial (B), T2 axial (C), and sagittal and coronal MR myelogram (D, E) showing
central extruded disc with paracentral encroachment and a canal occupancy >50% with complete myeloblock. Axial computed tomography (CT)
scan (F) and sagittal CT scan (G) showing calcified disc. Postoperative lateral (H) and anteroposterior (I) radiographs showing single segment
pedicle screw construct with interbody cage. Bilateral facetectomy and complete laminectomy was needed after a T incision exposure. The
dotted line shows the overlay of the exposure. The arrows show the blunting of the end-plate margins, which is the oblique osteotomy cutting of
the margin of the end-plate.
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nonanterior approaches for TDP can be favoured.30 This is

quite evident by all strategies we adopted, adequate ventral

exposure can be achieved. Complete 360-degree decompression

with restoration of cerebrospinal flow and sphericity of cord

was the ultimate goal and achieved in all 18 myelopathic

patients.

Figure 3. (A) Illustration showing widening of window of posterior midline approach with facetectomy to have better working angle ventral to
the dura. T incision gives additional angle (*) for ventral work. (B) Lateral extra cavity approach (LECA) with rib excision for significant big and
calcified disc or with end plate spurs. This increases visualization and approach angle significantly.

Figure 4. (A, B, C) Magnetic resonance imaging (MRI): sagittal partial film, axial T2 and T1 sequence that had marked the target level as T10-T11.
Surgery was done on correct counting on radiographs and C arm. Postoperative patient had deficit with missed level which was revealed as
T11-T12 in the postoperative full-length screening MRI (D).

Krishnan et al 711



Calcification of the disc is known to occur more frequently

in thoracic spine with varying rates between 26% and 90%.31,32

The disc extrusion in calcified discs may result in damage to

the ventral dura mater that may manifest as erosion, thinning,

and tearing of the ventral dura.31 Disc calcification was seen in

14 patients in our series. End-plate spur was present in 16 cases

needing en bloc removal of spur (Figure 2H). Five patients

needed T incision (Figure 2I) exposure only for access angle.

Eight cases had more than 50% spinal canal occupancy, and 3

of these required LECA. T incision was needed without LECA

in 4 patients. One case with midline approach and facetectomy

itself gave enough exposure. Bilateral access was needed in

overall 13 cases (all were hard-calcified disc or with end-

plate spurs) and unilateral access in rest of the cases was

enough. So, >50% canal occupancy and calcified disc man-

dated more strategies of exposure. Both-side access is classi-

cally reported by Bransford et al.8 Bilateral approach from both

sides of the disc has been acknowledged by some and refuted

by others.15-17 The T incision and /or LECA increase the ven-

tral non manipulative reach of the surgical instruments.

Another notable thing is that the interbody fusion part is com-

pleted before the intracanalicular decompression is started.

This is to decrease handling around cord for limited time. Two

cases had associated ligamentum flavum hypertrophy without

cord changes at the adjacent proximal level that was addressed

with laminectomy alone at the same sitting. Careful reading of

imaging, characterization of the quality and location of the

TDP and preoperative planning of strategies are needed.

Intraoperative localization of the level in TDP has been a

technical difficulty and wrong level spine surgery with preva-

lence of 1 per 3110 procedures has been reported.33,34 Counting

of levels can be done from cervicothoracic junction or lumbo-

sacral junction. This is done if full length radiographs are taken

preoperatively. Horizontal skin markers can be fixed and pre-

operative radiographs can be taken.35 Percutaneous insertion of

k-wire into a pedicle as a marker has been one of the preferred

method to avoid wrong level by Thambiraj et al.36 Preoperative

cement vertebroplasty performed in the outpatient setting has

also been reported for morbidly obese patients to easily localize

levels intraoperatively.37 Vertebral spinous process preopera-

tive marking with a live dye has also been practiced in thoracic

surgery.38 Counting of levels, checking, and reaffirmation by

all operating team surgeons is a rule at our place. Presence or

absence of 12th rib, lumbarization or sacralization, calcifica-

tion at disc level, wedging of vertebra, reduction in disc space,

and anterior osteophytes were additional things taken into con-

sideration during identification of levels. Full spine screening

film preoperatively and postoperative needs to be made man-

datory in all the cases. In spite of all the measures taken to

check the levels during surgery by us, we had 2 cases that were

operated at the wrong level. Both showed surgery was done at

the proximal to the affected disc level. In one case, it was

improper marking of the level on preoperative MRI without

full spine screening (Figure 4). The other case was intraopera-

tive wrong level marking by the surgeon team. Both the

patients were corrected and neurology improved in both the

cases (Figure 5). Navigation and O-arm would be the future

for avoiding missed levels completely.39

Uribe et al40 reviewed the literature on open versus mini-

mally invasive approaches for TDP finding a complication rate

of 36.7% and 28.4%, respectively. This again shows the steep

learning curve associated with minimal invasive surgery and its

demoting role in improving outcome in a critical disabling

disease. Though, ventral endoscopic approach could be the

future gold standard likely to replace all other surgeries if it

gets adopted by all.41 Open TTIF for TDP has given us good

clinical outcome with major correctible complication in

11.11% (n ¼ 2). The VAS improvement and the ASIA scale

improvement (Figure 6) were statistically significant. At the

follow-up, all the patients had fusion at the operated level.

TTIF yielded good outcome in other series as well (n¼ 18, n¼
11, n ¼ 27, n ¼ 25, n ¼ 51) with minor or major complication

rate of 33%, 18%, 3.70%, 12%, and 1.96% respectively.8,10,15-17

No deterioration due to cord handling noted in these series. No

Figure 5. Postoperative radiograph after second surgery (A, B).
Magnetic resonance imaging (MRI) (C) showing adequacy of surgery
and the patient recovered to Nurick’s grade 1, in 8 weeks.
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anticoagulants were given by us. As the incidences of deep vein

thrombosis in our temperate climates is less. Moreover, literature

reports of postoperative hematoma and worsening are pres-

ent.16,17 In our series the final outcome in terms of modified

Nurick’s grading was significant (Figure 7) and better in compar-

ison to all other series.

The limitations of the present study should be noted. Our

study and technique have many and methodological restric-

tions of retrospective studies with limited number of patients

which is the most critical. But with the low incidence of TDP

that a spine surgeon sees in his or her lifetime, this short series

is also a good addition to existing literature. Anterior limited

approach surgeries, especially endoscopic, may become the

best technique in the future. But like any advances, it may

remain limited with very few centers or surgeons and may not

come to the rescue of limited resourced patients like in our part

of the world. TTIF can be more easily learned by a surgeon.

The significant improvements in objective scores and resump-

tion of activities in all patients who presented with myelopathy

and high disability does indicate the usefulness of TTIF in

TDP.

The most important factor that the authors propose is the

technical strategies for avoiding cord handling. Multiple MRI

findings have been highlighted that may help in surgical deci-

sion making and also technical aspects in addressing them.

Whole spine screening with radiographic correlation is a must

in order to avoid wrong level surgeries. Postoperative MRI

confirmation should become standard protocol for dorsal

pathologies and surgeries.

Conclusion

TTIF is a rewarding surgery in TDP provided that the strategies

for avoiding cord manipulations and missed levels are fol-

lowed. It is a workhorse approach that a posterior approach–

trained surgeon can master.
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