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Purpose: Congenital kyphosis is a rare condition. In this case
series we sought to identify the outcomes and complications of
posterior instrumented fusion and the resultant epiphysiodesis
effect in uniplanar congenital kyphosis in pediatric patients.
Method: Pediatric patients were included if treated for a uni-
planar congenital kyphotic deformity treated with posterior in-
strumented spinal fusion between October 2006 and August
2017, with a minimum of 2 years of follow-up. Patients were
excluded if a coronal deformity > 10 degrees was present.
Results: Six patients met the inclusion criteria. Mean age at surgery
was 3.6 years. The mean kyphotic deformity before surgery was 49.7
degrees. All patients underwent posterior instrumented fusion with
autogenous iliac crest graft and a cast or brace postoperatively. One
patient showed a loss of motor evoked potential on prone positioning
which returned to normal on supine positioning. No patient showed
any postoperative neurological deficits. One patient was diagnosed
with a wound infection which was successfully treated with oral an-
tibiotics. By a follow-up of 5.4 years (range, 2.2 to 10.9 y) there was no
failure of instrumentation. An epiphysiodesis effect (a difference of
≥5 degrees in the kyphotic deformity measured between the imme-
diate postoperative and final follow-up lateral whole spine XR) of
16.2 degrees (range, 7.2 to 30.9 degrees) was seen in 5 patients. The
mean annual epiphysiodesis effect was 2.7 degrees (95% confidence
interval, 1.4-4.1 degrees). No kyphosis proximal to the instrumentation
was observed for the duration of follow-up.
Conclusion: Posterior instrumented fusion and epiphysiodesis is safe
and effective. The epiphysiodesis effect occurs in 5/6 of cases, and our
data suggests that the procedure is associated with an acceptable
blood loss and a low incidence of neurological complications.
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Congenital kyphosis is a rare deformity caused by a
disturbance in somite development and consequent

morphologic abnormalities of the mature vertebra.1–4

These anomalies were categorized by Winter et al4 in 1973
into failure of formation (type 1), failure of segmentation
(type 2) and mixed abnormalities (type 3). The angular
deformity caused by these abnormalities generally pro-
gresses with growth and can give rise to outcomes ranging
from progressive deformity through to paraplegia.3–6

The options for managing congenital kyphosis in-
clude monitoring, bracing, and surgery.5,7,8 Monitoring is
recommended whenever there is a mild, nonprogressive
deformity or in patients where surgery is contraindicated
due to comorbidity, and bracing has been shown to be
ineffective.4,9,10 Both Winter and McMaster and col-
leagues concluded that patients with a kyphotic deformity
<50 degrees are appropriate for posterior fusion and that
patients with a deformity exceeding 50 degrees should
undergo accompanying anterior release.4,5,10,11 The timing
of surgery has been investigated as early as 1955, when
James9 recommended early intervention in order to avoid
paraplegia. This was supported by McMaster and Singh,12

who reviewed the natural history of congenital kyphosis
and made a recommendation that correction be carried
out before the patient reaching 5 years old and before the
deformity reaches 45 degrees in order to prevent cord
compression and subsequent neural injury.9

The evidence supporting each of these treatment
strategies is complicated by the ubiquitous inclusion of
patients with scoliosis. As a result, assessing the effect of
epiphysiodesis is impossible due to the 3-dimensional na-
ture of kypho-scoliosis. As posterior column epiphysiod-
esis is a logical treatment for uniplanar deformity,
assessing its use would be valuable in planning treatment
for isolated congenital kyphosis.

In this consecutive case series, the corrective potential
of a short segment posterior fusion encompassing the ky-
photic segment with the subsequent epiphysiodesis effect in
uniplanar congenital kyphosis is validated. The complica-
tions, blood loss and changes to evoked potential associated
with the procedure, the overall radiologic outcome and the
neurological status of the patients at a minimum of 2 years
follow-up are defined. We hypothesize that the posterior
epiphysiodesis effect creates additional correction following
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posterior short segment instrumented fusion in patients with
congenital kyphosis.

METHODS
Local research ethics board approval was granted

for the investigation. This study is a retrospective con-
secutive case series of pediatric patients undergoing pos-
terior instrumented fusion for congenital kyphosis in our
orthopaedic spinal unit between October 1, 2006 and
August 1, 2017.

Cases were identified through departmental and neu-
rophysiological records. Patients were included if diagnosed
with a uniplanar congenital kyphotic deformity which was
treated with posterior instrumented spinal fusion with a
minimum of 2 years of follow-up. Patients were excluded if
a coronal deformity > 10 degrees was present.

Surgical reports, outpatient and inpatient records
and radiologic investigations were scrutinized to extract
data relating to demographics, symptoms, examination
findings, immediate and delayed complications and ra-
diographic parameters presurgery and postsurgery. The
sagittal deformity was measured using the Cobb techni-
que; the angle subtended by lines drawn along the end-
plates of the most tilted vertebrae either side of the apex of
the deformity on the lateral view. To preserve consistency,
the same vertebral levels were measured preoperatively,
postoperatively and at most recent follow-up.

Surgical Technique
Short segment posterior instrumented fusion was

carried out through a standard posterior approach ac-
companied with intraoperative neuromonitoring. Free-
hand pedicle screw placement was carried out across the
kyphotic region, defined as the motion segments between
vertebra with endplates most tilted toward each other on
the lateral view and extending one proximal mobile level
to ensure secure proximal anchors. No osteotomies were
carried out as the technique relies upon growth to achieve
angular correction rather than releases. Following in-
strumentation, the posterior elements were decorticated
and bone graft harvested from the iliac crest through the
same or a separate midline incision overlaid.

Data were recorded in Microsoft Excel v 16.32
(Microsoft, Redmont) and analyzed using Stata v.14.2
(StataCorp, College Station) using descriptive statistics to
define the radiographic outcomes of surgery and 2 tailed
paired t tests to analyze continuous data. Mean values were
defined in order to facilitate the interpretation of results.

RESULTS
Six patients met the inclusion criteria. The mean age

at surgery was 3.6 years (range, 2.3 to 4.8 y). The wedging
of the deformed vertebrae progressed by a mean of 1.5
degrees per year before surgery, and the level of kyphosis
remained unchanged. The mean regional kyphotic de-
formity immediately before surgery was 50 degrees (range,
32 to 77 degrees) with the deformity being most often
found at the thoracolumbar junction (Table 1). Following

surgery, the mean kyphotic deformity was 29 degrees
(range, 5 to 54 degrees).

All patients underwent short segment posterior in-
strumented fusion, 4 with a hybrid construct and 2 with an
all pedicle screw construct across 2 to 7 levels. The mean
blood loss was 240mL. All were treated with a cast or
brace for a year following surgery. The correction of the
kyphosis attributed to intraoperative correction is de-
scribed in Table 1.

One patient showed a loss of motor evoked potential
on prone positioning without changes in somatosensory
evoked potentials. These returned to normal on supine
positioning and elevating mean arterial pressure. The ex-
planation was thought to be technical difficulties in the
acquisition of neuromonitoring signals using the standard
electrode placements. Reliable monitoring was established
with electrodes placed directly into the spinous processes
above and below the intended fusion levels. No further
changes in signal were observed during the procedure, and
motor and somatosensory evoked potentials were at
baseline at the completion of the procedure. No patient
showed any postoperative neurological deficits.

One patient was diagnosed with a wound infection at
the iliac crest graft harvest site successfully treated with
oral antibiotics.

By a mean final follow-up of 5.4 years (range, 2.2 to
10.9 y, Table 1) there was no failure of instrumentation. An
epiphysiodesis effect, defined as a difference of ≥5 degrees in
the kyphotic deformity measured between the immediate
postoperative and final follow-up lateral whole spine XR,
was seen in 5 patients. The mean size of the epiphysiodesis
effect in these patients was 16 degrees (range, 7 to 31 degrees)
(Table 2). The mean annual epiphysiodesis effect in these
patients was 3 degrees (95% confidence interval, 1-4 degrees)
No proximal junctional kyphosis was observed. The single
patient in whom no epiphysiodesis effect was observed was
treated for congenital kyphosis at 3.9 years old. In this case, no
complications or nonunion were evident. A 4-degree reduction
in kyphosis was observed over the 2.2 years of follow-up.

DISCUSSION
The treatment of congenital kyphosis is challenging,

with the timing, techniques, and safety of surgery being in-
completely explored. In the case series presented here we
have shown that short segment posterior instrumented fusion
is effective at bringing about an immediate correction and
observed an epiphysiodesis effect in 5/6 cases. Regardless of
the patient’s young age, our data suggests that short segment
posterior fusion to achieve posterior epiphysiodesis may be
safe, with an acceptable blood loss (Fig. 1).

These findings are in line with existing evidence. Kim
and colleagues analyzed the correction achieved with a
variety of surgical strategies in patients treated for uni-
planar congenital kyphosis. Within their series, a sub-
group of 5 underwent posterior fusion at a mean age of
16 months to manage a deformity of 49 degrees.7 The
group found a correction of 13 degrees with a further 10
degrees coming over the 81 month follow-up period. Two
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patients showed pseudarthrosis requiring revision surgery,
and none showed any neurological deficit. Similarly, a
series from McMaster and Singh5 investigated a series of
11 patients aged 5 and under with kyphosis over 2 years of
follow-up. Preoperatively the mean kyphosis was mea-
sured at 43 dgerees, which improved by 15 degrees at
11 year follow-up after posterior arthrodesis. Their results
showed a single incidence of pseudarthrosis and a second
which required extension after their adolescent growth
spurt. In our series, we have shown that the initial cor-
rection achieved by short segment posterior instrumented
fusion is 33% (range, 0% to 98%) and observed an epi-
physiodesis effect of a mean of 16.0 degrees in 5/6 of cases.

Convex epiphysiodesis has been investigated in early
onset kyphoscoliosis, both with anterior and posterior in-
strumentation. Vertebral body tethering, carried out through
an anterior approach to the spine, relies upon the remaining
growth potential of the spine to correct deformity by em-
ploying the Heuter-Volkman principle on the convex side of
the deformity with a flexible tether.13 Success has been varied,
with 53% of patients showing an improvement, tempered by
a 25% incidence of revision surgery and 47% incidence of
ruptured tether.14 Recent work has shown that posterior
convex hemiepiphysiodesis is effective, with a low complica-
tion rate and up to 77% correction if patients treated between
3 and 5 years old.15–18 Rizkallah and colleagues showed that
convex uninstrumented hemiepiphysiodesis was most effec-
tive in patients aged younger than 3 years with deformities
not exceeding 35 degrees, whereas Demirkiran et al18 showed
at epiphysiodesis effect of at least 5 degrees in 9/12 patients
treated with instrumented posterior convex epiphysiodesis at
5 years old, with no complications.

Progression of the deformity is not seen in our series, as
with consistent end-plate remodelling it is unlikely that a severe
increase of the kyphosis would be observed during the growth
spurt as this would require nonunion in the area spanned by
the posterior spinal fusion, and we failed to demonstrate any
incidence of implant failure which would indicate pseudarth-
rosis. Later crankshaft phenomenon is not seen in uniplanar
kyphosis because it is a 2-dimensional deformity, an important
difference from early onset scoliosis.

The epiphysiodesis effect is evident through the con-
tinuing improvement in kyphosis seen during the follow-up
period. This is likely through bone remodeling (previously
labeled as growth modulation) described by Snyder and
Campbell.19 The remodeling occurs at the endplates of the
end vertebra of the instrumented spinal segment through
some (often mild) expansion of the vertebral bodies probably
related to unloading of the anterior column. Our data showsTA
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TABLE 2. The Size of the Epiphysiodesis Effect and the Length
of Follow-up for the 5 Cases in Which the Effect was Seen
Size of Epiphysiodesis Effect (deg.) Length of Follow-up (y)

30.9 10.9
19.1 6.2
14.2 2.9
9.6 6.9
7.2 3.1
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an epiphysiodesis effect in every type of congenital abnor-
mality described by Winter.4 What may be unexpected is the
success of the technique in type 1 deformities (failure of for-
mation), however it must be remembered that it is the end-
plates of the first distal and proximal adjacent levels that
grows to correct the deformity.

This study is limited by the number of patients
available for analysis and the length of follow-up with a
mean follow-up of 5.4 years. Even in this short time,
however, there is a measurable epiphysiodesis effect and
no mechanical failures that could be expected. Future
work should focus on increasing the number of patients
available for analysis and make use of more recent ra-
diological modalities to better visualize the deformity.

CONCLUSION
Short segment posterior instrumented fusion to cre-

ate epiphysiodesis is safe and effective in treating con-
genital kyphosis in young patients. We observed an
epiphysiodesis effect in 5/6 of cases and suggest that the

procedure may be associated with a low incidence of
neurological complication and operative blood loss.
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