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The natural history of thoracolumbar kyphosis in achondroplasia
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Abstract

There are little published data on the natural history and

evolution of thoracolumbar kyphotic deformity in achon-

droplasia. Furthermore, there are few published reports

indicating the probability of symptoms and at what

kyphotic angle progressive deformity might occur. The

lack of knowledge of the fundamental natural history does

not allow firm guidelines for the management of this

problem. In this respect the role of bracing remains

uncertain both in terms of altering the prognosis for further

vertebral wedging and overall sagittal profile. This report

describes three illustrative cases of thoracolumbar kyphosis

(TLK) that occurred in achondroplastic infants. The long-

term outcomes are presented to illustrate the diverse clin-

ical behaviour of TLK in this patient group.
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Case presentations

Case 1

The first case is a 12 years old female who has been under

follow-up for 6 years since she was initially seen in the

outpatient clinic.

This infant female at first presentation aged 6 years, had

a TLK angle of 57�. She was asymptomatic, and walking

independently without aids. She had a normal neurological

examination.

Diagnostic Imaging

On her regular annual follow-up, she had whole spine

X-rays that shows increased TLK progressively rising to

70�, 97�, 98� and 104� at age of 10, respectively (Figs. 1,

2).

Whole spine MRI (Fig. 3) showed stretching and com-

pression of the cauda equina over a 114� gibbus.

Outcome

Although at aged 11 years she had normal activities of

daily living she developed increasing bilateral sciatic pain

and neurogenic claudication symptoms.

At the time of writing the parents preferred a watchful

wait policy.
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Fig. 1 Case 1: whole spine lateral X-rays showing progression of TLK and sagittal profile

Fig. 2 Case 1: coned lateral

thoraco-lumbar X-rays
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Case 2

An infant with known achondroplasia was noted at the age

of 2 years with a thoracolumbar kyphosis. With increased

walking this deformity increased over the next 4 years. At

5 years of age he presented with increasing lower back

pain and stiffness in the legs. Physical examination

showed a large thoracolumbar kyphosis and an exagger-

ated lumbar lordosis beneath it. There was bilateral clonus

with extensor plantar responses.

Imaging

MRI scan showed conus terminating at T12/L1 with severe

L2 vertebral wedging and stenosis at that level.

Procedure

In 2003 he underwent first-stage L1 and L2 vertebrec-

tomies. One week later he underwent posterior instru-

mented correction of the deformity and insertion of fibular

allograft strut graft.

Procedure rationale

In surgical planning the approach should be carefully

considered. Posterior alone, stand-alone and combined are

the available approaches for surgical interventions. Spinal

surgeons should respect the stability and the biomechanics

of the spine when operating on this pathology. Not only the

neurological decompression is the target but also the

deformity correction and prevention of subsequent defor-

mity and adjacent levels affection to be considered.

In rare cases of low (\30�) symptomatic thoracolumbar

kyphosis, a posterior decompression (laminectomies or

multiple foraminotomies) with instrumented fusion is an

option. The classic presentation in this group of patients is

due to foraminal canal narrowing.

In kyphotic angles more than 30� or compromise of the

spinal cord, anterior vertebrectomy and instrumented pos-

terior fusion is mandatory [14, 15, 16].

Spinal cord and cauda equina compression are consid-

ered surgical emergencies, which need urgent surgical

intervention. These usually occur with fixed angular

deformity. In these situations more complex, staged oper-

ations will be necessary, depending on the particular

deformity characteristics and patient’s features.

In 2010, Auregan et al. reported a case of 180� achon-
droplastic kyphotic deformity which illustrates some of

these principles. Their case was first seen at the age of

16 years old because of cosmetic concerns and was neu-

rologically normal. At the age of 18, he developed severe

neurogenic claudication with abnormal central spinal cord

signal in front of the apex of the kyphosis associated with

the narrow spinal canal. The authors performed decom-

pression of the spinal cord with five-level hemilaminec-

tomies, decancellation osteotomy of three apical vertebrae

with disc excision and translation of the spinal cord ante-

riorly and posterolateral fusion. A peroneal strut graft was

inlayed anterolaterally. Patient was immobilized in a cast

for 3 months, then, 6 months in a moulded orthosis. There

was improved clinical status after 3 years [17].

Fig. 3 Case 1: sagittal and axial MRI sections demonstrating spinal canal stenosis and thoracolumbar gibbus
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Pedicle screws have been recently considered as the

implant of choice in management of the achondroplastic

deformities because of the abnormally narrowed spinal

canal, which is likely to be compromised if, hooks or wires

are used.

The conservative treatment has been offered to our cases

as long as there is no incapacitating spinal deformity nor

any neurological deficit was encountered. They are also

kept under yearly basis follow-up for clinical and radio-

logical evaluation. Whole spine standing PA and lateral

X-rays are routinely performed for assessment of the whole

spine sagittal balance as well as thoracolumbar kyphosis.

Surgical treatment was offered to the case which neuro-

logically deteriorated.

Postoperative imaging

Outcome

His symptoms resolved and his walking ability improved.

Four years later he was walking normally without

symptoms.

Case 3

This male child was noted at birth to have a TLK gibbus

and initial X-rays showed an angulation of 25�.

Diagnostic imaging

Outcome

One year later, additional wedging of L2 occurred and

increased to 34� till the age of three at which point pro-

gression ceased (Fig. 4). Thereafter there was regression

of TLK and correction of the gibbus; the TLK had

reduced to 2.5� at the last follow-up 5 years after initial

presentation. This has remained stable in the intervening

years (Fig. 5).

Historical review

Achondroplasia (‘‘without cartilage formation’’) was first

described in 1878. It is an autosomal dominant inherited

mutation in the fibroblast growth factor receptor-3 (FGFR3)

gene on the short arm of chromosome 4. This affects the

maturation of chondrocytes in the growth plate [1]. However,

80–90 % of the patients have newmutations [2]. It is themost

common form of human skeletal dysplasia, with frequency of

between 1 in 15,000 and 1 in 40,000 live births [3].

Intracartilaginous ossification commences in the devel-

oping fetus in the thoracolumbar region and progresses in a

cranial and caudal direction from the thoracolumbar junc-

tion. The primary ossification centers are located in the

vertebral centrum and one on each side in the posterior

elements, located anterior to the pedicle. The junction of

these is the neurocentral synchondrosis. During maturation,

there is increasing vertebral size and progressive expansion

of the spinal canal. Fusion of these synchondroses at

6–8 years of age signals the cessation of spinal canal

widening. This is also the period in which longitudinal

growth of the posterior elements of the vertebrae ceases.

Anterior longitudinal growth, which occurs at the epi-

physeal plates, continues in individuals to the age of

18–20 years. Factors interfering with the anterior longitu-

dinal growth during the intervening period will, therefore,

be accompanied by kyphosis [9].

Radiologically, the achondroplastic spine has short

pedicles, particularly in the thoracolumbar region and

progressive decrease in interpedicular distance in lumbar

Fig. 4 Case 3: whole spine lateral follow-up X-rays showing spontaneous correction of TLK
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spine, which is progressively smaller in the caudal direc-

tion [6]. In some cases there is narrowing of the foramen

magnum and a short clivus. Most of the cases are charac-

teristically accompanied by kyphosis at the thoracolumbar

junction. When the kyphosis progresses there is wedging of

the vertebral bodies at the apex of the deformity (bullet-

shaped/hypoplastic vertebra) [7].

Other radiological features include posterior vertebral

scalloping, laminar thickening, widening of intervertebral

discs and increased angle between sacrum and lumbar

spine [8] (Fig. 6).

Disrupted intracartilaginous ossification at the neuro-

central synchondroses is thought to be the basis for the

abnormal growth of the axial skeleton in achondroplasia. As

the synchondroses have an oblique orientation, their normal

growth results in an increase of the spinal canal in all

dimensions, as well as growth of the pedicles. Abnormal

maturation of these synchondroses results in short pedicles

with a narrow spinal canal. A simultaneous occurrence is the

underdeveloped and narrow sacrum, because this too forms

from intracartilaginous ossification. The iliac wings undergo

unimpeded growth and hence are located relatively higher in

achondroplastic individuals. Consequently, the sacroiliac

articulations are well below the iliac wings [10].

At birth, there is normal prominence of the mid-to-lower

back with a small TLK, which usually resolves by the time

of independent walking. Lumbar lordosis then evolves and

increases till skeletal maturity.

Fig. 5 Case 3: coned thoraco-lumbar lateral X-rays

Fig. 6 (Left) Wedging of the vertebrae at the apex with short

pedicles. (Centre) Thoraco-lumbar kyphotic deformity. (Right) Rel-

atively large cranial vault with small skull base, prominent forehead

with depressed nasal bridge (blue arrow), narrow foramen magnum is

narrowed (red arrowheads), cervico-medullary kink (red line).

Elevation of the brainstem gives rise to a large suprasellar cistern

(yellow arrow) and a vertically oriented straight sinus (green arrows).

Cranio-cervical junction constriction
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In achondroplasia the exact factors associated with

progression of TLK and the subsequent development of

fixed kyphosis in adolescence or adulthood have not been

fully elucidated but are thought to be connected to gener-

alized hypotonia, a large head, hydrocephalus, and delayed

walking [5, 13, 14].

Siebens et al. presented a hypothesis explaining the per-

sistent curvature and resultant TLK in achondroplasia. The

postulate was that occurrence of the deformity was related to

the disproportionately enlarged head, lax ligaments with

unusual vertical load on the anterior column of the spine.

This is most apparent at the thoracolumbar junction where

the transition from the relative rigidity of the thoracic cage

to the upper lumbar spine creates an additional stress riser.

Inhibited anterior vertebral growth reflects the Heuter-

Volkmann principle on the vertebral apophyses and the

subsequent development of vertebral wedging.

Neurologically they are liable to spinal compression

because their spinal canal is abnormally narrowed by the

short pedicles as well as by the compensatory hyperlordosis

[11].

With walking and maturation there is exacerbation of

thoracolumbar kyphosis with compensatory lumbar

hyperlordosis, pelvic tilt and subsequent fixed flexion

deformity of the hip joints [12].

The above hypotheses would accord with a reported

prevalence of thoracolumbar kyphosis in achondroplastic

children under 1 year of age of 94 % [4].

However, the biomechanical postulate would predict

that with the initiation of wedging of the vertebral body and

subsequent adoption of walking stance, there would be

increasing differential growth between the anterior and

posterior halves of the vertebrae. Thus, invariable pro-

gression of TLK should be the rule. This is illustrated in

cases 1 and 2.

In contrast, the reported risk of progressive deformity

and resultant spinal cord or cauda equina compression is

only approximately 11 % [5]. In addition, the above theory

cannot explain the regression of TLK seen in case 3. This

anomaly cannot be explained by differential muscle tone as

these reported cases were walking normally throughout the

later follow-up period.

In summary, TLK is very common in achondroplastic

infants. This deformity appears to defy the Heuter-Volk-

mann principle in that progression is not invariable and in

certain instances may resolve. Generally the treatment

options for treating the TLK deformity depend on the

flexibility as well as the time of presentation. Early life

diagnosis should be treated conservatively then bracing

with a serial follow-up and curve assessment. If this line of

treatment fails, then surgery will be an option. In adults or

undiagnosed cases with a fixed deformity, there is no role

for the conservative treatment. The progression of the

deformity and the neurological impairments are the factors,

which should be considered for decision-making.

Compliance with ethical standards

Conflict of interest None.

References

1. Bonaventure J, Rousseau F, Legeai-Mallet L, Le Merrer M,

Munnich A, Maroteaux P (1996) Common mutations in the

fibroblast growth factor receptor 3 (FGFR 3) gene account for

achondroplasia, hypochondroplasia, and thanatophoric dwarfism.

Am J Med Genet 63(1):148–154

2. Horton WA, Hall JG, Hecht JT (2007) Achondroplasia. Lancet

370(9582):162–172

3. Francomano CA (1995) The genetic basis of dwarfism. N Engl J

Med 332(1):58–59

4. Pauli RM, Breed A, Horton VK, Glinski LP, Reiser CA (1997)

Prevention of fixed, angular kyphosis in achondroplasia. J Pediatr

Orthop 17(6):726–733

5. Kopits SE (1988) Thoracolumbar kyphosis and lumbosacral

hyperlordosis in achondroplastic children. Basic Life Sci

48:241–255

6. Srikumaran U, Woodard EJ, Leet AI, Rigamonti D, Sponseller

PD, Ain MC (2007) Pedicle and spinal canal parameters of the

lower thoracic and lumbar vertebrae in the achondroplast popu-

lation. Spine 32(22):2423–2431

7. Kopits SE (1988) Orthopedic aspects of achondroplasia in chil-

dren. Basic Life Sci 48:189–197

8. Cheema JI, LE Grissom, Harcke HT (2003) Radiographic char-

acteristics of lower-extremity bowing in children. Radiograph

Rev Publ Radiol Soc N Am Inc 23(4):871–880

9. Nelson MA (1988) Kyphosis and lumbar stenosis in achon-

droplasia. Basic Life Sci 48:305–311

10. O’Brien JP, Mehdian H (1988) Relevant principles in the man-

agement of spinal disorders in achondroplasia. Basic Life Sci

48:293–298

11. Siebens AA, Hungerford DS, Kirby NA (1978) Curves of the

achondroplastic spine: a new hypothesis. Johns Hopkins Med J

142(6):205–210

12. Ponseti IV (1970) Skeletal growth in achondroplasia. J Bone Joint

Surg Am 52(4):701–716

13. Borkhuu B, Nagaraju DK, Chan G, Holmes L Jr, Mackenzie WG

(2009) Factors related to progression of thoracolumbar kyphosis

in children with achondroplasia: a retrospective cohort study of

forty-eight children treated in a comprehensive orthopaedic

center. Spine 34(16):1699–1705

14. Lonstein JE (1988) Treatment of kyphosis and lumbar stenosis in

achondroplasia. Basic Life Sci 48:283–292

15. Shikata J, Yamamuro T, Iida H, Kono H, Mori E (1988) Surgical

treatment of achondroplastic dwarfs with paraplegia. Surg Neurol

29(2):125–130

16. Tolo VT (1990) Spinal deformity in short-stature syndromes.

Instr Course Lect 39:399–405

17. Auregan JC, Odent T, Zerah M, Padovani JP, Glorion C (2010)

Surgical treatment of a 180 degrees thoracolumbar fixed kyphosis

in a young achondroplastic patient: a one-stage ‘‘in situ’’ com-

bined fusion and spinal cord translocation. Eur Spine J

19(11):1807–1811

Eur Spine J (2019) 28:2602–2607 2607

123


	The natural history of thoracolumbar kyphosis in achondroplasia
	Abstract
	Case presentations
	Case 1
	Diagnostic Imaging
	Outcome

	Case 2
	Imaging
	Procedure
	Procedure rationale

	Postoperative imaging
	Outcome

	Case 3
	Diagnostic imaging
	Outcome

	Historical review

	References




