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Abstract

Introduction Untreated growing patients with congenital

scoliosis and fused ribs will develop finally thoracic

insufficiency syndrome. The technique of expansion tho-

racoplasty with implantation of a vertical expandable

prosthetic titanium rib (VEPTR) was introduced initially to

treat these children.

Methods This article attempts to provide an overview of

the surgical technique of opening-wedge thoracostomy and

VEPTR instrumentation in children with congenital tho-

racic scoliosis and fused ribs.

Results Our modification of the surgical approach using a

posterior midline incision rather than the modified thora-

cotomy incision initially described could potentially help to

diminish wound dehiscence and secondary infection, while

preserving a more acceptable esthetic appearance of the

back.

Conclusions Vertical expandable prosthetic titanium rib-

based treatments should be undertaken only with a good

knowledge of its numerous specific complications. Every

aspect of the treatment should be oriented to minimize

these complications. At the same time it should be kept in

mind that the ultimate step of this long-term fusionless

treatment strategy will be a technically demanding spine

fusion.
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Thoracic insufficiency syndrome � Vertical expandable
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thoracoplasty � Opening-wedge thoracostomy � Surgical

technique

Introduction

A unique method of expansion thoracoplasty (termed an

opening-wedge thoracostomy) with primary longitudinal

lengthening using a chest wall distractor known as vertical

expandable prosthetic titanium rib (VEPTR) has been

developed by Campbell and Smith since 1989 [1]. The

VEPTR (Synthes Spine Co., West Chester, Pennsylvania,

USA; European Patent no. 0530177) is a modular longi-

tudinal rib-based distraction device, which is used as a rib-

to-rib construct, a hybrid construct (rib-to-lumbar hook) or

a rib-to-pelvis construct (rib-to-Dunn McCarthy hook) [2–

4]. It was introduced in Europe in 2002 [5]. The VEPTR

opening-wedge thoracostomy in cases of thoracic congen-

ital scoliosis associated with rib fusions is focused on the

enlargement of the constricted thorax to provide room for

growth of the underlying lungs, with the goal to prevent or

treat the thoracic insufficiency syndrome rather than direct

correction of the deformed spine alone [6]. The basic

principle of this technique is first to perform an acute

expansion thoracoplasty with an opening-wedge thoracos-

tomy of fused ribs, second to stabilize the correction with

the VEPTR implant during the same surgery, and finally to

perform repetitive secondary lengthening and sometimes

device replacement procedures to maintain deformity cor-

rection and accommodate with growth [2, 6]. Indications

for expansion thoracostomy and VEPTR are conditions that

progressively constrict the thoracic cage, inducing a tho-

racic insufficiency syndrome, defined as the inability of the

thorax to support normal respiration or lung growth [6, 7].

They can be divided into three groups [8]. The first one is
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progressive thoracic congenital scoliosis with unilateral

unsegmented bars associated to fused ribs, inducing uni-

lateral constriction of one hemithorax. Although rare, this

condition will invariably progress and is the most fre-

quently reported indication for this treatment [1, 5, 6, 9–

14]. The second group of indications comprises pathologies

inducing bilateral underdevelopment of the chest with a

hypoplastic thorax, commonly encountered in rare condi-

tions such as Jarcho-Levin Syndrome, Jeune’s syndrome,

Ellis van Creveld Syndrome, achondroplasia and VACT-

ERL syndrome [10, 11, 14–19]. The third group includes

conditions inducing a flail chest syndrome (unstable thorax

due to missing ribs, congenital or acquired) [10, 14, 15,

19]. The VEPTR instrumentation without expansion tho-

racoplasty can also be used as an alternative to growing

rods techniques for the treatment of other types of early

onset scoliosis [3, 5, 20–23].

Methods

Surgical anatomy of the posterior chest wall

Knowledge of the anatomy of the muscles covering the

posterior thoracic wall helps the surgeon to plane appro-

priately skin incisions as well as type of surgical approach.

This is of primary importance, when considering that

repeat exposures for rod lengthening will be needed and

that implant prominence with possible wound breakdown

can often be an issue during VEPTR-based treatments [24].

The posterior muscles of the chest wall are superposed in

four layers [25]. The first or superficial layer consists of

two large muscles covering the posterior part of the trunk.

The trapezius muscle originates superiorly from the

occipital bone, the spinous processes of C2 to T12,

including the nuchal ligament. This large trapezoidal shape

muscle inserts on the posterior spine of the scapula, the

acromion, and the lateral part of the clavicle. The latissi-

mus dorsi muscle originates inferiorly from the posterior

aspect of the iliac crest and the spinous processes of S2 to

T7. Its inferio-medial portion is an aponeurosis. On both

sides, muscle fibers converge superiorly in a triangular

fashion toward the proximal humerus to insert on the

anterior aspect of the humerus on the posterior edge of the

bicipital gutter. The second layer is made of two muscles

from cranial to caudal. The rhomboid minor muscle runs

from C7 to T1 spinous processes to the proximal fourth of

the medial edge of the scapula. The rhomboid major

muscle is running from T2 to T5 spinous processes to the

medial edge of the scapula below the scapular spine level.

The third layer consists of the two serratus posterior

superior and inferior muscles, respectively, running from

the spinous processes of C6 to T2 and T11 to L2 to the ribs

2–6 and 9–12. The superior is angled from midline obli-

quely towards lateral and distal and the inferior obliquely

towards lateral and proximal. The fourth or deep layer of

the posterior chest wall consists of several muscles joining

in a long axial group, the erector spinae. This muscle group

is further subdivided into three columns from lateral to

medial running from the sacrum, the posterior iliac crest,

and the vertebrae distally and inserting more proximally on

the ribs and the posterior elements of the vertebrae. The

iliocostalis muscles form the lateral column. The interme-

diate column is made by the longissimus muscles. Medi-

ally, the spinalis muscles fill the vertebral gutter (Fig. 1).

Preoperative evaluation

Patients should be accepted for surgery only after a mul-

tidisciplinary evaluation involving a pediatric orthopedic

surgeon, a pediatric general surgeon and a pediatric pul-

monologist [1]. Ideally the preoperative pediatric anesthe-

sia consultation should also include the intensive care unit

team. Plain chest and spine radiographs represent the first

step in the understanding of the deformity. They will be

better complemented by computed tomography studies to

further assess the three-dimensional effect thoracic defor-

mity including spinal rotation and loss of lung volume and

for planning sites of thoracostomy and device attachment

[2, 7]. The extensive presurgical workup of patients with

congenital scoliosis is dictated by the high incidence of

abnormalities affecting other organ systems and the goal to

diminish perioperative complications [26, 27]. Given the

fact that up to 20 % of these children may present with a

possibly asymptomatic urologic pathology, all of them

should be screened with abdominal ultrasound or by

magnetic resonance imaging (MRI) of the abdomen during

the time of the spine MRI [27–29]. The high frequency of

associated cardiac defects warrants preoperative echocar-

diogram [30]. Similarly, the high incidence of neural axis

abnormalities associated to congenital scoliosis makes

spine MRI mandatory even in patients with normal neu-

rological examination, especially in patients with mixed or

segmentation defects [30–32]. Reduction of a spinal

deformity can produce a spinal cord injury if the cord is

splitted by a bony spicule (like in diastematomyelia) or

tethered distally. Surgical intervention for intrathecal

anomalies may therefore be needed before correction of the

deformity of the spine is undertaken [27]. Given the pos-

sibility of thoracic insufficiency syndrome in the setting of

congenital thoracic scoliosis associated with fused ribs,

standard pulmonary function test should also be done in

cooperative patients to assess restrictive lung disease, both

as part of the preoperative anesthetic evaluation and as part

of future assessment of treatment benefits [7]. Unfortu-

nately such testing is seldom possible in children under
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5 years of age [33]. Finally, preoperative correction of

possible nutritional deficiencies is suggested as of primary

importance in an attempt to decrease the risk of wound

problems and infection associated both to the initial

VEPTR procedure as well as multiple subsequent length-

ening surgeries [20]. This may require supplemental

nutrition or percutaneous gastrostomy in some patients

[10].

Surgical technique of VEPTR expansion thoracostomy

for congenital thoracic scoliosis and fused ribs

Patient positioning

The surgery was initially described with the patient under

general anesthesia installed in a lateral decubitus position

with the side of the concave hemithorax upward [2, 8, 10].

We prefer the prone position because we use a midline

spinal incision for the whole exposure in contrast to

Campbell et al. [2]. An arterial line and a central venous

catheter are both inserted. Prophylactic antibiotics are

given intravenously 30 min prior to incision. Intraoperative

monitoring includes upper and lower extremities somato-

sensory and transcranial motor-evoked potentials as well as

upper extremity pulse oximetry on the side of the operation

[2, 10]. Intraoperative neuromonitoring should also be used

during secondary lengthening and revision procedures [24].

The upper limbs are draped out of the surgical field as

during a posterior spine fusion (Fig. 2).

Exposure and soft tissues handling

The surgical exposure should allow access to the entire

posterior thoracic wall for VEPTR instrumentation and

expansion opening-wedge thoracostomy. The incision must

also be planned with the need of repeat exposures for rod

lengthening in mind [8]. Campbell described the approach

for the rib-to-rib implant insertion and thoracostomy(ies)

Fig. 1 a Anterior view of the three-dimensional CT scan reconstruc-

tion of a 7-year-old girl with progressive thoracic congenital scoliosis

and fused ribs on the concave side of the curve. Defects of

segmentation with multiple misshapen vertebrae fused on the convex

side and defects of formation with missing vertebrae on the concave

side are present at the apex. On the right side, medial fusion is present

between ribs 4 and 5 somewhat cephalad to the apex, ribs 6 and 7 are

missing concomitantly with the vertebral formation defect, and ribs 8

and 9 are completely fused. b Posterior view of the three-dimensional

CT scan reconstruction of the same patient with mixed vertebral

defects. c She was treated with opening-wedge thoracostomies at two

levels and instrumentation with a lateral thoracic and a medial hybrid

vertical, expandable titanium rib. The lumbar extension of the hybrid

implant was mated to a laminar hook at L1. Intraoperative radiograph

demonstrating immediate increase in space available for the lung of

the concave hemithorax and partial indirect correction of the scoliotic

curve
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with a modified thoracotomy skin incision which is made

4 cm caudad to the tip of the scapula and carried anteriorly

in an ‘‘L’’ shape [2]. The trapezius and rhomboid superiorly

and the latissimus dorsi muscle inferiorly are then divided

in line with the skin incision. The interval between the

scapula and the chest wall is developed superiorly. The

paraspinous muscles are finally reflected from lateral to

medial to the tips of the transverse processes with care

taken not to damage rib periosteum or to expose the spine,

which could provoke fusion [2]. Other authors modified

this approach by extending the incision slightly more

caudad in a ‘‘J’’ shape, with deep incision in the latissimus

dorsi more distal than the skin incision, and sometimes

‘‘delay’’ of the flap in the case of multiple prior thoracot-

omy scars [10]. In both cases, a separate midline lumbar

incision is needed for the distal anchorage of the rib-to-

spine device [2, 10]. Incisions and muscle flaps must be

planned to allow adequate exposure to implant insertion

Fig. 2 a The patient is placed in the prone position and a posterior

spine midline incision is made. After opening of the superficial fascia,

the three superficial muscle layers of the posterior thoracic wall are

detached from the spinous processes on the side of hemithorax

constriction. The scapula and muscle layers are retracted alternatively

superiorly and inferiorly. Medial and lateral proximal rib cradles are,

respectively, inserted around the second and the third ribs in this

example. The posterior scalene muscle represents the upper lateral

limit of the exposure because of the neurovascular bundle. The

thoracostomies are then performed. b The lateral distal rib cradle is

inserted, and fixation of the lumbar extension of the hybrid rib

prosthesis is made with a laminar hook on L1 in this example.

c Preparation of the site for rib cradle insertion with transverse

incision in the intercostal muscles above and below the selected rib

without disrupting the pleura and the neurovascular bundle. An

elevator is then passed from caudad to cephalad. d Final view after

thoracostomies and VEPTR instrumentation. The entire procedure has

been performed through the midline skin incision. The same incision

will be partially used for secondary lengthening and exchange

procedures and the muscles will be detached in the same manner as

during the initial surgery
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sites and thoracostomy but also to minimize the surgical

wound overlying the most prominent portions of the

VEPTR [20]. A modified thoracotomy ‘‘L’’- or ‘‘J’’-shaped

incision will inevitably cross the implant at some point. For

these reasons, we favor a posterior spine incision for

implant insertion and thoracostomy. First the skin incision

is made along the midline over the spinous processes from

slightly cephalad to the level chosen for superior implant

insertion to slightly caudad to the level chosen for the distal

rib cradle (or lumbar extension). The subcutaneous layer is

incised in line with the skin incision, as well as the tho-

racodorsal fascia. Then care is taken to not open the spi-

nous process apophyses. The three most superficial layers

of muscles are detached with electrocautery close to their

insertion on the posterior vertebral elements in a strict

extraperiosteal manner to not promote spine fusion. Deeply

the erector spinae is left intact on the posterior vertebral

elements. The dissection is carried extraperiosteally over

the tip of the transverse processes and then over the ribs.

Superior implant insertion

The site for proximal rib cradle insertion is then prepared.

The selected level should be well within the cephalad part

of the curve but not proximal to the curve to not increase a

compensatory proximal curve without correcting the pri-

mary curve. Usually, this corresponds to the rib at the level

of the end vertebra of the scoliotic curve. The chosen rib

also has to be at least 1-cm thick otherwise two ribs have to

be attached by the rib cradle. The first rib is avoided

because of the risk of brachial plexus injury. The insertion

site will have the best mechanical effect if its position is

just adjacent to the tips of the transverse processes [2]. Two

transverse 1.5 cm incisions are made with the electrocau-

tery in the intercostal muscles above and below the selected

rib, and an elevator is passed from caudad to cephalad

without disrupting the pleura and the neurovascular bundle.

The cephalad rib cradle is inserted and locked.

Inferior implant insertion

For a rib-to-rib construct, the instrumentation at the site for

the distal rib cradle proceeds in the same way and is

inserted around one or more stable ribs. Usually the inferior

rib cradle is inserted after the primary expansion thoraco-

plasty. In children older than 18 months, a medial hybrid

construct (rib-to-spine) is usually used in conjunction with

the thoracic (rib-to-rib) implant, acting as a ‘‘share-load’’

construct [2]. Its distal attachment on a neutral lumbar

vertebra is made with a laminar hook or ideally a pedicle

screw, for increased stability of distal fixation. Preoperative

planning with computed tomography helps the surgeon to

assess either the size of the canal for hook placement or the

size of the pedicle for screw insertion. The thoracic pros-

thesis (rib-to-rib) is placed secondarily lateral to the hybrid

one in the posterior axillary line to help support the cor-

rection. When the rib-to-rib implant is inserted in this more

lateral position, it should not be inserted more proximal

than the third rib, to avoid lesion of the brachial plexus [2].

Opening-wedge thoracostomy

After insertion of the superior rib cradle, the primary

expansion thoracostomy is performed. It is planned in the

apex of thoracic constriction of fused ribs. Number and

location of thoracostomies depend of the location of hemi-

thoracic constriction, location of rib fusions, and second-

arily of the location of spinal deformity or congenital

anomalies [10]. The fibrous band lying anteriorly or pos-

teriorly to the fusion mass is first released with electro-

cautery without opening the pleura. Then the fusion mass

itself is osteotomised gradually with a Kerrison rongeur

after opening of the periosteum, and a bone spreader is

inserted and widened progressively. During this widening,

the underlying pleura is bluntly released from under the

ribs proximally and distally. Sometimes completion of the

thoracostomy implies resection of a fusion mass that is

extending medially to the transverse process and has to be

released under direct vision in a medial to lateral direction

after resection of the costotransverse ligament. The thora-

costomy interval is further gradually widened with the

bone spreader. Once the proximal ribs are pushed in a

horizontal position, the correction is maintained with a rib

retractor so that the distance between the superior and

inferior insertion site of the VEPTR is measured. The

matching rib sleeve is selected and placed over the inferior

rib cradle and connected to the superior cradle to maintain

the obtained opening-wedge correction. If the thoracos-

tomy interval is larger than 3 cm and likely to cause a flail

chest, a section of fused ribs from the proximal or distal

border of the thoracostomy interval can be cut transversally

and translated into the defect, a procedure termed central-

ization transport by Campbell et al. [2]. The rib section is

sutured to the VEPTR using non-absorbable suture.

Closure and postoperative care

Pleural tears inferior to 2 cm are not repaired [2]. In cases

of pleural defect greater than 2 9 2 cm, risk of herniation

of the lung with projection of a lobe through the defect,

significant diminution of the chest wall musculature or risk

of injury to the lung at reoperation, a non-synthetic bio-

degradable patch material is implanted for coverage of the

defect and sutured to the surrounding pleura and/or muscle,

as well as the overlying VEPTR, using an absorbable

suture (2 Zero, Vicryl). Intrapleural and extrapleural drains
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should be placed in these cases [19]. For wound closure,

Campbell emphasizes first on the need to stretch all muscle

and skin edges manually to obtain coverage [2]. All incised

muscle layers are then sutured back to the median line

incision with monofilament absorbable sutures. Using this

midline spine approach, the scapula is brought back in its

position indirectly with muscle layers closure, and there is

no need for direct fixation at the inferior tip of the scapula,

as proposed by Campbell. However, acute iatrogenic tho-

racic outlet syndrome is still possible with this technique at

time of closure, and consequently the change in pulse

oximeter readings or in ulnar nerve tracings on the side of

the operation should be carefully observed. Subcutaneous

layer and skin are closed using monofilament absorbable

suture. The choice of monofilament suture is dictated by

the need to minimize inflammation and foreign body

reaction at the site of wound closure. Polyurethane foam

protectors are used to protect the skin over prominent

implants in the early postoperative phase. All patients are

admitted to the pediatric intensive care unit and remain

initially intubated. No brace is required postoperatively.

Return to full activities is allowed 6 weeks after surgery.

Device lengthening and replacement procedures

The devices are expanded electively at intervals of 6 months

following initial implantation. Prophylactic antibiotics are

given intravenously. In every case, the intraoperative neur-

omonitoring should be used. Positioning is the same as that of

the first surgery. The distraction lock is exposed using part of

the prior midline incision and is removed. The device is then

lengthened slowly during 5–10 mm until the reactive force

becomes considerable, to avoid rib fracture and acute fixa-

tion loosening [2]. The medial rib prosthesis should be

lengthened first followed by the lateral one.

Replacement of the implants is performed using part of

the same posterior midline approach for change-out of the

superior and inferior cradle, lumbar extension, and the rib

sleeve. We feel that using this posterior midline approach

for initial implantation and iterative lengthening or sec-

ondary exchange procedures offers the advantage of not

ending with the incision overlying the implants, thereby

potentially diminishing the risk of wound dehiscence and

infection. It also probably gives a superior cosmetic effect

to the back rather multiple limited incisions and ultimately

the final fusion will be performed through the same pos-

terior spine approach [34].

Results

This fusionless treatment was associated with mid-term

follow-up in growing patients with congenital scoliosis and

fused ribs to preserve the longitudinal growth of both the

concave and convex sides of the thoracic spine and uni-

lateral unsegmented bars, as well as with significant

improvement of Cobb angle, lateral deviation of the spine,

space available for the lung, cervical tilt and shoulder

balance [1, 6, 9, 13]. Even if it sounds likely that a longer

thoracic cage should provide increased volume for the

growth of the underlying lungs with potential clinical

benefit [6], to date there is conflicting evidence that this

treatment is associated with significant improvement in

lung function and volume [11, 14, 35, 36].

Complications

Vertical expandable prosthetic titanium rib-based treat-

ments unfortunately have many potential complications

during their whole course, from the initial implantation to

the final fusion. They are inherent to iterative surgeries on

growing children with spine deformity [20]. A compre-

hensive knowledge of these associated problems is essen-

tial for the surgeon, both for adequate preoperative

information of the patient’s family and for adopting treat-

ment strategies aimed at minimizing complications.

Reported complications include frequent wound dehis-

cence and secondary deep infections, anchor point prob-

lems with acute rib fracture or chronic implant migration,

neurologic issues, mainly brachial plexus palsy or acute

thoracic outlet syndrome, chest wall stiffness and reoc-

currence of rib fusions, spine autofusions, kyphosis and

sagittal plane imbalances, and occasionally shoulder stiff-

ness as well as spontaneous fusion of the scapula to the

implant [1, 4–6, 9, 10, 37]. Ultimately, it should be kept in

mind that the final step (i.e. definitive spine fusion) of this

difficult long-term treatment is further rendered challeng-

ing and risky for the patient by these secondary problems,

with a potentially less than satisfactory end result [34].

Discussion

Vertical expandable prosthetic titanium rib-based treat-

ments associated to thoracostomy, although they carry a

significant rate of complications even in experienced

hands, appear as an appropriate surgical treatment option

for early onset scoliosis associated to rib fusion, with the

primary goal being focused on the enlargement of the

constricted thorax rather than direct correction of the sco-

liosis alone [23]. Treatments using VEPTR implants

without expansion thoracoplasty have been reported as an

alternative to growing rods techniques for the treatment of

other types of early onset scoliosis [3, 5, 20–23]. Among

the different indications reported, we feel that the more

valid is probably for the surgical treatment of a progressive

Eur Spine J (2014) 23 (Suppl 4):S424–S431 S429

123



spinal deformity presenting in a skeletally immature patient

with spina bifida [3]. Bilateral VEPTR rib-to-pelvis

instrumentation in this case represent an interesting treat-

ment option because it offers the possibility to obtain solid

anchorage even in the absence of posterior spinal element.

It also address the correction of pelvic obliquity often

encountered in this patients population. Finally, the surgi-

cal approach and implants stay away from the myelome-

ningocele scar at the midline thoraco-lumbar and lumbar

area. Rib anchorage on both sides can be made through a

single posterior midline extraperiosteal approach in the

upper thoracic area. Distally the pelvic hooks are inserted

though two posterior and lateral approaches with incisions

made close to the level of the ilium. Finally, the assembled

proximal and distal extensions are inserted in a submus-

cular fashion from distant incision sites, thereby keeping

the implant far from midline at the level of the myelome-

ningocele closure site, minimizing the risk of skin break-

down and secondary infection. However, we think that for

the surgical treatment of other types of early onset scoliosis

and especially in the idiopathic patients, the VEPTR

instrumentation does not represent the ideal implant. Its

usage as an alternative to classic growing rod constructs

makes little sense, since there is no need to anchor on the

thoracic cage if this anatomic area is not primarily affected

by the pathology [23]. In addition, bilateral rib-to-pelvis

technique with the VEPTR has been associated with

increased incidence of crouched gait, so that this treatment

option should not be considered in ambulatory children

[37]. In case of pelvic obliquity, dual iliac fixation with

screws or rods has been shown to provide effective

deformity correction and to achieve growth [38]. The last

disadvantage for early onset scoliosis treatment of the

VEPTR implants compared to growing rods is linked to the

size of the implants; most pediatric deformity implant sets

currently available have a significantly lower profile

design, minimizing the risk of complications linked to

implants prominence. Because of all these elements taken

together, we tend to restrict the use of VEPTR implants in

our practice to these two groups of indication, namely

congenital thoracic scoliosis associated with rib fusions

and spinal deformity encountered in immature non-ambu-

lating patients with myelodysplasia.

Conclusions

Vertical expandable prosthetic titanium rib-based treat-

ments should be undertaken only by trained surgeons with

a good knowledge of its numerous specific complications.

Every aspect of the treatment should be oriented with the

goal to minimize these complications. Regarding the sur-

gical approach, we feel that using a single midline spine

incision, instead of the initially described modified thora-

cotomy approach, may potentially lower the risk of wound

dehiscence and hence of secondary deep infection. Along

the same line, the development of low profile implants

could also lesser implant prominence in small children.

Second generation VEPTR is available. The interesting

modifications include first the possibility to bend the cra-

nial part of the proximal extension to better fit to each

patient anatomy and second the option of proximal inser-

tion on two adjacent or non-adjacent ribs. However,

implant profile could probably still be reduced. Another

implant development strategy would be to introduce some

flexibility in the proximal and distal extension. A rib-to-

spine construct act as a solid bridge between a mobile rib

and a fixed spinal anchor. A decrease of implant stiffness

could make it accommodate to some of the relative motion

of the upper thorax, and hence possibly decrease the rate of

proximal and distal anchor point problem.
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