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Introduction

Congenital scoliosis is a developmental growth tethering of the vertebral column. It differs from idiopathic scoliosis in associated anomalies, progression and treatment.  Each case of congenital scoliosis must be individualized as the decision making and surgical treatment can be difficult in congenital scoliosis.  The age of the child, associated conditions, general health of the child, and the behavior of the curve all should be assessed for proper management.  Patients who have congenital scoliosis have high frequency of associated anomalies, both within and out side the spine, which makes thorough evaluation essential.  The natural history ranges from no progression or clinical symptoms to extremely severe deformity, pulmonary compromise, early death, or paraplegia.  The challenge to medical profession is to prevent these dire problems from ever occurring. Bracing is useless in congenital scoliosis with a short stiff curve pattern.  Bracing can be useful for scoliosis with a long and flexible curve pattern.  There is no justification for allowing the congenital curve to progress relentlessly in mistaken belief that trunk height should increase before correcting or arresting the curve. In situ fusion, vertebrectomy, osteotomy etc can be used judiciously (13).  The goal of the present study are to analyze surgically treated cases of congenital scoliosis at Chang-Gung Memorial Hospital, Linkou, Taiwan over a period of 19.5 yrs from 1983 July onwards.

Materials and Methods

We reviewed 42 consecutive cases of congenital scoliosis from 1983 July to 2001 Jan (17.5 yrs) with minimum 2 yrs follow up post surgery.  In our study group 27 were females and 15 males with male to female ratio of 1 : 1.8.  Average follow up was 13.65 yrs.  We assessed the patients clinically and radiographically.  The curves were measured independently using cobb’s method by three of the authors independently.  The curves are assessed at 1st visit, pre-op, bending, post-op, and at the final follow up.  Renal ultrasound/ IVP are done to those being advised by the nephrologist.  Pulmonary functions are assessed for those with severe thoracic curves.  10 of our patients underwent anterior and posterior fusion rest posterior fusion alone, except one who underwent subcutaneous roding.  35 patients underwent instrumentation and the rest 7 un-instrumented (body cast after surgery) 2 patients with hemi vertebrae alone at the lower lumbar level underwent de-cancellation through posterior approach. Others with possible correction and fusion.  7 patients had to undergo second surgery for various reasons.

Results

14 patients had associated kyphosis. We could not elicit any history of parental consanguinity or family history of similar illness. The mean age of presentation was < 5 yrs.  Five of the patient’s birthdays are not known.

17 of our patients had hemi vertebra and un segmented bar as the most common anomaly. Then followed hemi vertebra alone in 12 cases, un segmented bar alone in 8 cases and mixed in 5 cases.

Table I: Patterns of spinal anomaly

	Hemi vertebra + Unsegmented bar
	18

	Hemi vertebra alone
	12

	Un segmented bar alone
	8

	Mixed 
	4

	Total
	42


The anomalies were located in the thoracic vertebrae in 26 cases and 10 in lumbar.

Table II: Level of spinal anomaly

	Thorasic (T1-T9)
	14

	Thoraco-lumbar (T10-L2)
	23

	Lumbar (L3-L5)
	5


The maximum numbers of anomalies were around the thoraco lumbar junction. In the lumbar area the most number of anomalies were at L3 
(5 cases).

Table III: Associated anomalies

	Heart
	4

	Hand
	3

	Cleft palate
	1

	Arthrogryposis
	1

	Imperforated anus
	1

	Syringomyelia
	1


Associated anomalies

13 of our study group had associated anomalies.

1. Imperforate anus and poly dactyly (left thumb).

2. Congenital heart disease

-VSD and left thumb hypoplasia

-1

-Tetrology of Fallot

-2

-Mitral regurgitation

-1

3. Cleft palate


  -1

4. Fused carpal bones
-left capitate and hamate
  
  -1

5. Fused rib T12 and T13 
 
  -1

6. Arthrogryposis and left arm malformation


  -1

7. Ehler Danlos Syndrome

  -1

8. Syringomyelia


  -1

9. Mental retardation and unsteady gait




  -1

10. Branchial cleft fistula

  -1

The curves ranged from 25-103 degrees in the coronal plane. Majority of the curves were in the 31-60range.The curves addressed include smaller ones, which are treated prophylactically owing to their bad prognosis and larger curves which presented late. Kyphosis ranged from – 40 to 105 degrees.
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Graph I: Age at surgery
35 of our patients underwent instrumented fusion, (except one with subcutaneous rodding). The rest 7 were given body cast following surgery.  3 of them maintained correction after fusion. One progressed rapidly needing instrumentation for maintaining balance. It progressed from 52-86 degrees with out instrumentation. After 2nd surgery the curve was corrected to 80 degrees (anterior and posterior surgery and TSRH).  2 of the rest developed kyphosis (59-105) and one progressed a little and then stabilized.

Table IV: Factors associated with a poor result

	
	Good (32)
	Poor (9)
	p value

	Age
	13.1 yrs
	7.8 yrs
	0.01

	Cobb's angle
	60.8o
	55.3o
	0.41

	Posterior fusion alone
	24 (32)
	5 (9)
	0.26

	Kyphosis (+)
	9 (32)
	4 (9)
	0.35

	Instrument (-)
	4 (32)
	2 (9)
	0.44

	Sex M/F
	12/20
	2/7
	0.34

	F/u duration
	54 mo
	76 mo
	0.33


4 patients who underwent posterior surgery alone developed crankshaft  phenomenon. The criteria to detect crank shaft phenomenon was increase in Cobb’s angle >10 degrees of the post operative measurement at last follow up, coronal balance change of > 2.5 cm or trunk shift change of > 1 cm.

Table V:
	
	Good
	Poor

	Hemi vertebra
	11
	1

	Un segmented bar
	5
	3

	Hemi + Un seg
	13
	5

	Mixed
	3
	0


Table VI: Nature of anomaly patterns
	
	Age at operation
	Cobb's angle

	Hemi vertebra
	13.8 yrs
	47.8o

	Un segmented bar
	11.2 yrs
	61.9o

	Hemi + Unseg
	10.8 yrs
	59.3o


Complications
1. Pseudarthrosis-7 patients

2. Seven patients developed kyphosis.

3. One patient developed lumbar  kyphoscoliosis after correction of thoracic lordoscoliosis. It needed re-operation from T2-L5.

4. Wound infection in 2 cases.

5. Adjascent instability in one case.

6. Crank shaft in 4 patients.

Discussion
The patients in our study group presented mostly in the early growth spurt or in the adolescent growth spurt. Also a combination of hemi vertebrae and un segmented bar was the most common anomaly in our series. The next was hemi vertebrae alone. Mc Master in his series has reported unilateral un segmented bar as the most common anomaly, followed by hemi- vertebrae. Study of congenital scoliosis by Hossain Shah cheraghi et. al, Iran (4) report hemi- vertebrae as the most frequent anomaly.

The anomalies were more around the thoraco-lumbar junction.

Most of the reported series have tethered cord as the most common associated intraspinal anomaly. John. R. Prashinski et. al., (Washington) in 30 cases of congenital anomalies of spine showed 30%intraspinal anomalies with 5 tethered cord (conus at or below mid L2 body) and 4 syringo myelia.  J.F. Sarwark (5) in 40 cases of congenital spinal anomalies reported 12 patients with tethered cord of the 13 who had associated intraspinal anomalies. In contrast, we encountered congenital heart disease as the most frequent anomaly (4 cases) among the 13 who had associated anomalies. In our patients, only one had associated intraspinal anomaly (syringomyelia). Also none of our patients developed neurological deficit post operatively.

The largest curves that crossed 100 degrees are that of un segmented bar and hemi- vertebra combination. The second largest curves were for un segmented bar which range from 70-90 degrees. Then, hemi vertebrae depending on its number and location. Mixed pattern.

Those patients who underwent anterior and posterior surgery and instrumentation had good correction even from 80 to 24 degrees with good balance. Of the 32 patients who underwent posterior surgery alone, 4 of them developed crankshaft phenomenon. It did not develop in any of the 10 cases that underwent combined surgery, even though most of the patients fall under the similar age group and similar magnitude of curve at presentation. Even with the largest magnitude curves in the combined surgery group; crank shaft phenomenon did not develop. This is contrary to the observation by Kimberly and Lonstein in the paper presented at 2001 SRS annual meeting stating that the only factor that affected crank shaft phenomenon was curve magnitude at the time of surgery. Because different variables are present, we can’t pin point the cause of crankshaft phenomenon in our study. But the age at surgery and the curve magnitude did not contribute. Curves more than 45 degrees who underwent anterior and posterior fusion did not develop crankshaft phenomenon.

Also even when combined surgery is done and implants are not used, the curves tend to progress and needed instrumentation later for balance. So implants should be used for maintaining correction till the fusion is solid.

Conclusions
As congenital scoliosis is developmental growth tethering of the vertebral column, earlier the treatment, better the results. It is always better to have a short balanced spine than crooked short spine. (there is no growth potential in the areas of unsegmentation. The side opposite a hemi vertebra is lacking corresponding growth plates). In most of these cases associated anomalies of the spinal cord are common as the neural column and the vertebral column develop together. In our study group the presence of intraspinal anomaly was only one in comparison to many other studies who report intraspinal anomaly (tethered cord) as the most common associated anomaly. We have congenital heart disease as the most common.

As expected the age of presentation peaked the early growth spurt and the adolescent growth spurt. Also in our study group the anomalies of the vertebrae are mostly a combination of hemivertebrae and un segmented bar which are different from other studies. We suggest combined anterior and posterior surgery for curves more than 45 degrees in young children and instrumented to maintain the curve. The magnitude of the curve at surgery did not contribute to the development of crank shaft phenomenon.

Key points

Congenital scoliosis/ crank shaft phenomenon/intra spinal anomalies/type of vertebral anomalies/combined surgery/age of presentation/ instrumentation.
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