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Abstract

Study Design: Retrospective review of a prospectively collected multicenter database of patients with adolescent idiopathic scoliosis (AIS).
Objective: To determine if Ponte osteotomies improve correction in Lenke 1A and 1B AIS curves treated with pedicle screws.
Summary of Background Data: There is little data studying the risks and benefits of Ponte osteotomies in AIS.
Methods: We identified patients with Lenke 1A and 1B curve types treated with pedicle screw constructs and a 2-year follow-up.
They were grouped based on whether they did (PO) or did not (NoPO) have Ponte osteotomies. Demographic, surgical, and
radiographic data collected preoperatively and at 2 years were statistically analyzed using unpaired Student t test and Fisher exact
test.
Results: One hundred ninety-one patients met the inclusion criteria (mean age of 14.7 � 2.2 years), and among those, 125 patients (65.4%)
had Ponte osteotomies (average of 4.3 � 1.5 Pontes per patient). The patients treated with Ponte osteotomies had similar clinical and
radiographic parameters (major Cobb: PO 5 51.5�, NoPO 5 50.8�, p 5 .6) to the patients who did not have Ponte osteotomies except that
they had stiffer and more lordotic curves (Flexibility Index: PO 5 47.3%, NoPO 5 54.5%, p 5 .04; T5eT12 kyphosis: PO 5 18.7�, NoPO
5 23.2�, p 5 .02). At 2 years, the patients treated with Ponte osteotomies had significantly better thoracic Cobb angle correction
(Correction Index: PO 5 67.1%, NoPO 5 61.8%, p 5 .01) and an increase in T5eT12 kyphosis (PO 5 þ3.0�, NoPO 5 �0.4�, p 5 .045).
The Ponte group demonstrated greater rib prominence correction (PO5 53.2%, NoPO5 38.4%, p5 .02). There were no neurologic events
in this cohort.
Conclusions: Although the use of Ponte osteotomies was not randomized, these data suggest that greater deformity correction in
all 3 planes may be possible when Ponte osteotomies are performed for the stiffer and more lordotic Lenke 1A and 1B curves.
The clinical significance of these overall small statistical differences remains to be determined.
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Introduction

Smith-Petersen and colleagues [1] introduced the pos-
terior column osteotomy to treat flexion deformity in pa-
tients with autofused spines from rheumatoid arthritis or
ankylosing spondylitis. Later, Ponte and colleagues [2]
described a similar technique involving the removal of
the facet joints, ligamentum flavum, and posterior liga-
mentous complex in the nonfused spine for the treatment of
Scheuermann kyphosis. Since then, Ponte osteotomies have
been widely utilized in the treatment of spine deformity,
particularly with respect to the sagittal plane [3-12]. With
respect to primarily sagittal plane deformities such as
Scheuermann kyphosis, reports suggest that the sagittal
correction gained with the Ponte/Smith-Petersen osteotomy
is about 10� per level [13-16], or about 1� of correction per
millimeter of tissue removed.

There is a paucity of literature on the potential benefits
of Ponte osteotomies in patients with adolescent idiopathic
scoliosis (AIS) [9,17-21]. Shufflebarger and colleagues [21]
reported on the efficacy of the Ponte osteotomy in treating
patients with lumbar and thoracolumbar scoliosis; however,
their study lacked a control group of patients who did not
have Ponte osteotomies. Their results demonstrated excel-
lent correction with few complications. Shah and col-
leagues [22] reported on 87 AIS patients with Lenke 1-4
curves treated with pedicle screws and Ponte osteotomies.
They reported excellent correction in the coronal and
sagittal plane, but did not have a ‘‘no Ponte’’ control group.
Halanski and colleagues [19] found different results in a
small cohort of patients with thoracic scoliosis. Comparing
Ponte with inferior facetectomy only, they found no dif-
ference in coronal or sagittal correction but a higher blood
loss and operative time. This study compares the clinical
and radiographic outcome of patients with Lenke 1A and
1B curves treated with pedicle screw constructs with and
without Ponte osteotomies.

Materials and Methods

Institutional review board approval for the study was ob-
tained locally from each contributing institution’s review
board, and consent was obtained from each patient prior to
data collection. A prospectively collected multicenter data-
base was queried to identify consecutive patients with Lenke
1 AIS treated with pedicle screws (O80% anchors) with a
minimum 2-year follow-up. Exclusion criteria included
Lenke 1C curves, thoracoplasty, or anterior release. The
patients were grouped based on whether or not they under-
went a Ponte osteotomy. The No Ponte group underwent
facetectomies with removal of the inferior facets.

Clinical and radiographic measurements were obtained
preoperatively and at 24 months. Demographic (age,
gender), surgical (upper and lower instrumented vertebra
levels, estimated blood loss, cell saver transfused, surgical
time, hospital length of stay, and neurologic complications),
radiographic (thoracic and lumbar coronal Cobb angle,
coronal and sagittal balance, kyphosis, and lordosis), and
inclinometer (thoracic and lumbar) data were compared
between the patients who underwent Ponte osteotomies
(PO) and the patients who did not undergo Ponte osteoto-
mies (NoPO) using unpaired Student t test and Fisher exact
test. Flexibility index was calculated by the formula:
1�(Cobb angle on bend/Cobb angle). Correction index was
similarly calculated by the formula: 1�(postoperative
Cobb/preoperative Cobb).

Results

Patient demographics and baseline measurements

A total of 191 patients met the inclusion criteria,
with a mean age of 14.7 � 2.2 years (Table 1). The
majority of the patients were female (80.6%) and had
Lenke 1A curves (73.8%). The average thoracic Cobb
angle of the patients was 51.3 � 8.4�, with a flexibility
index of 48.5 � 21.2% and a rib prominence of 15.0 �
4.5. The lumbar Cobb angle averaged 29.9 � 7.1�, with
a proximal thoracic curve of 25.3 � 6.8�. T5eT12
kyphosis averaged 20.3 � 12.9�.

Table 1

Patient demographics.

Patients (N) 191

Males, n (%) 37 (19.4)

Females, n (%) 154 (80.6)

Age at surgery (years), M � SD 14.7 � 2.2

Lumbar modifier, n (%)

A 141 (73.8)

B 50 (26.2)

Coronal Cobb angle ( �), M � SD

Upper thoracic 25.3 � 6.8

Thoracic 51.3 � 8.4

Lumbar 29.9 � 7.1

Percentage flexibility (%), M � SD

Upper thoracic 36.5 � 21.6

Thoracic 48.5 � 21.2

Lumbar 74.2 � 20.3

Coronal balance (C7eCSVL) (cm), M � SD 0.6 � 2.1

Sagittal balance (C7esacrum) (cm), M � SD �0.8 � 3.5

Kyphosis (T5eT12) ( �), M � SD 20.3 � 12.9

Lordosis (T12esacrum) ( �), M � SD �57.8 � 11.8

Rotational prominence ( �), M � SD

Thoracic 15.0 � 4.5

Lumbar 6.4 � 4.5

CSVL, central sacral vertical line; M, mean; SD, standard deviation.
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Radiographic and clinical measurements in patients
treated with and without Ponte osteotomies

Ponte osteotomies were performed in 125/191 patients
(65.4%) (Tables 2 and 3). In the patients who had Ponte
osteotomies (PO), the mean number of osteotomies per-
formed during each spinal fusion was 4.3 � 1.5, and the
percentage of Ponte osteotomies performed per disc level
fused was 45% � 17%. The patients who did not have

Ponte osteotomies (NoPO) underwent facetectomies with
removal of the inferior facet only. The patients in the PO
group had similar demographic, radiographic, and incli-
nometer parameters to the patients in the NoPO group
except they had stiffer thoracic curves (flexibility index PO:
47.3 � 22.1%, NoPO: 54.5 � 22.8%, p 5 .04) and less
preoperative thoracic kyphosis (T5eT12) (PO: 18.7 �
13.0�, NoPO: 23.2 � 12.3�, p 5 .02). At 2 years after

Table 2

Preoperative comparison between patients treated with (PO) and without (NoPO) Ponte osteotomies.

PO (n 5 125) NoPO (n 5 66) p value

Age at surgery (years), M � SD 14.8 � 2.3 14.6 � 2.1 .41

Females, n (%) 98 (78.4) 56 (84.8) .34

Lumbar modifier, n (%)

A 91 (72.8) 50 (75.8) .73

B 34 (27.2) 16 (24.2) .73

Preoperative coronal Cobb angle ( �), M � SD

Upper thoracic 25.3 � 6.9 25.2 � 6.8 .90

Thoracic 51.5 � 8.6 50.8 � 8.1 .60

Lumbar 30.0 � 7.3 29.9 � 6.8 .95

Percentage flexibility (%), M � SD

Upper thoracic 35.7 � 21.0 38.2 � 23.2 .48

Thoracic 47.3 � 22.1 54.5 � 22.8 .04

Lumbar 74.4 � 20.4 73.8 � 20.5 .85

Kyphosis (T5eT12) ( �), M � SD 18.7 � 13.0 23.2 � 12.3 .02

Lordosis (T12esacrum) ( �), M � SD �57.3 � 12.0 �58.8 �11.5 .40

Thoracic rotational prominence ( �), M � SD 15.4 � 4.2 14.3 � 5.0 .13

Lumbar rotational prominence ( �), M � SD 6.1 � 4.5 6.8 � 4.4 .39

Coronal balance (C7eCSVL) (cm), M � SD 0.8 � 2.4 0.3 � 1.9 .25

Sagittal balance (C7esacrum) (cm), M � SD �0.6 � 4.0 �0.9 � 3.3 .70

CSVL, central sacral vertical line; M, mean; SD, standard deviation.

Boldface indicates statistical significance.

Table 3

Postoperative radiographic comparison between patients treated with (PO) and without (NoPO) Ponte osteotomies.

PO (n 5 125) NoPO (n 5 66) p value

2-year coronal Cobb angle ( �), M � SD

Upper thoracic 13.9 � 6.4 15.1 � 5.9 .23

Thoracic 16.8 � 6.3 19.4 � 7.0 .01

Lumbar 11.3 � 6.2 11.5 � 7.1 .83

Percentage correction Cobb (%), M � SD

Upper thoracic 45.3 � 20.8 39.3 � 21.4 .06

Thoracic 67.1 � 11.8 61.8 � 12.6 .01

Lumbar 61.7 � 23.3 62.1 � 20.4 .90

Kyphosis (T5eT12) ( �), M � SD

2 years postoperation 21.8 � 7.9 22.8 � 9.4 .33

Change 3.0 � 11.6 �0.4 � 9.9 .045

Lordosis (T12esacrum) ( �), M � SD

2 years postoperation �59.1 � 11.9 �58.4 � 13.9 .74

Change �1.6 � 11.2 �1.0 � 12.4 .76

Thoracic rotational prominence ( �), M � SD

2 years postoperation 6.9 � 3.7 7.7 � 4.7 .16

Percentage correction (%) 53.2 � 31.8 38.4 � 50.9 .02

Lumbar rotational prominence ( �), M � SD

2 years postoperation 3.2 � 3.3 2.8 � 2.5 .47

Percentage correction (%) 38.9 � 81.1 46.3 � 60.3 .57

Coronal balance 2 years postoperation (%), M � SD �0.4 � 1.2 �0.1 � 1.3 .49

Sagittal balance 2 years postoperation (cm), M � SD �0.9 � 2.8 �1.0 � 3.1 .77

M, mean; SD, standard deviation.

Boldface indicates statistical significance.
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surgery, the patients treated with Ponte osteotomies had
smaller thoracic Cobb angles (PO: 16.8 � 6.3�, NoPO: 19.4
� 7.0�, p 5 .01) and greater correction index (PO: 67.1 �
11.8%, NoPO: 61.8 � 12.6%, p 5 .01).

In addition, restoration of T5eT12 kyphosis was better
in the patients who had a Ponte osteotomy, whereas it
remained stable in those without (PO: 3.0 � 11.6�, NoPO:
minus 0.4 � 9.9�, p 5 .045). With respect to rib promi-
nence, the Ponte group started with a higher preoperative
thoracic inclinometer measurement (PO: 15.4 � 4.2�,
NoPO: 14.3 � 5.0�, p 5 .13), and at 2 years this was less
than the No Ponte group (PO: 6.9 � 3.7�, NoPO: 7.7 �
4.7�, p 5 .16), although this did not reach statistical sig-
nificance. However, the rib prominence percentage
correction was significantly greater in the Ponte osteotomy
group (PO: 53.2 � 31.8%, NoPO: 38.4 � 50.9%, p 5 .02).

Other radiographic and clinical measurements at 2-year
follow-up were similar between the two groups, including
upper thoracic Cobb angle (p 5 .23), lumbar Cobb angle
(p 5 .83), coronal (p 5 .49) and sagittal balance (p 5 .77),
lumbar lordosis (T12 to sacrum) (p 5 .74), and lumbar
rotational prominence (p 5 .47).

Intraoperative factors

The patients with Ponte osteotomies had an average of 0.5
more levels fused (PO: 9.6� 1.5, NoPO: 9.1� 1.5, p5 .02),
an increased total estimated blood loss compared with the
patients who did not have Ponte osteotomies (PO: 970.1 �
566.5 mL, NoPO: 778.9 � 726.1 mL, p5 .046), and a trend
toward increased cell saver transfused (PO: 282.2 � 249.9
mL, NoPO: 203.1 � 293.0 mL, p 5 .06) (Table 4). It is not
clear to us why the PO group had slightly longer fusions, but
this may in part be explained by the surgeons’ fusing stiffer
curves slightly longer. When adjusted for the extra 0.5 levels
fused in the Ponte osteotomy group, the EBL was no longer
statistically significant (PO: 101.2 � 55.3 mL/level fused,
NoPO: 84.2 � 71.3 mL/level fused, p 5 .07), and the cell
saver transfused remained a trend (PO: 29.5� 25.5 mL/level
fused, NoPO: 21.1 � 30.2 mL/level fused, p 5 .06). In
addition, when we expressed blood loss as a percentage of
total blood volume (calculated as patient weight in kilo-
grams times 70), there was no difference between the groups
(PO: 12.9 � 7.4%, NoPO: 11.2 � 12.3%).

Surgical time (PO: 277.4 � 98.9 min, NoPO: 295.9 �
136.4 min, p 5 .29) and hospital length of stay (PO: 5.3 �
1.2 days, NoPO: 5.3 � 1.2 days, p 5 .92) were not found to
be statistically significant between the two groups. None of
the patients in this cohort sustained a neurologic injury.

Scoliosis Research Society (SRS) 22 scores

The SRS-22 scores for patients before surgery were
similar between the two groups (SRS total PO: 3.9 � 0.5,
NoPO: 4.0 � 0.4, p 5 .14; SRS Self-Image PO: 3.4 � 0.7,
NoPO: 3.7 � 0.7, p 5 .76). After surgery, the scores were
also not statistically different (SRS total PO: 4.5 � 0.4,
NoPO: 4.5 � 0.4, p 5 .48; SRS Self-Image PO: 4.5 � 0.5,
NoPO: 4.5 � 0.6, p 5 .96). Hence, the increased correction
observed in those patients who had undergone Ponte
osteotomies was not detected by the SRS-22.

Discussion

In this study, we compared the effect of Ponte osteoto-
mies on spine deformity correction in patients with AIS
Lenke 1A and 1B curves treated with pedicle screws.
Operating time and hospital stay were similar between the
groups, and no neurologic injuries occurred in this cohort.

There have been numerous reports on the corrective
results of Ponte osteotomies in the sagittal plane [3-12],
with a few studies documenting the correction gained in the
coronal plane [9,17-21], and only cadaveric studies
reporting on the axial plane [20]. The results in patients
with AIS demonstrate some variability. Some reports have
shown excellent correction with minimal adverse effects
[17,22], as opposed to that of Halanski and colleagues [19],
who did not find improved correction but only a higher
blood loss and longer operative time. Our study did find
improved correction in all three planes but no increase in
operative time or blood loss (when adjusted for weight).
This difference may be explained by the relatively small
sample size of their cohort and the fact that they included
all Lenke 1 and 2 curves. The surgical goals for Lenke 1C
curves may not always be maximal correction, and this is
the reason we chose to exclude this curve type. In addition,
their study was limited by short follow-up (only 6 weeks to
4 months) and significant baseline differences in Cobb
angles and curve flexibility. Other studies on wide posterior

Table 4

Comparison of intraoperative data between patients treated with (PO) and without (NoPO) Ponte osteotomies.

PO (n 5 125) NoPO (n 5 66) p value

Estimated blood loss (mL), M � SD 970.1 � 566.5 778.9 � 726.1 .046

Cell saver transfused (mL), M � SD 282.2 � 249.9 203.1 � 293.0 .06

Surgical time (minutes), M � SD 277.4 � 98.9 295.9 � 136.4 .29

Hospital length of stay (days), M � SD 5.3 � 1.2 5.3 � 1.2 .92

Levels fused (n), M � SD 9.6 � 1.5 9.1 � 1.5 .02

M, mean; NoPO, no Ponte osteotomy; PO, Ponte osteotomy; SD, standard deviation.

Boldface indicates statistical significance.
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release support our findings in the coronal plane [17,18].
Specifically, Pizones and colleagues [18] showed that pa-
tients with AIS treated with posterior hybrid constructs had
better coronal correction of the main curve 2 years after
surgery with wide posterior release (61.8%) compared with
those who underwent a standard posterior release (51.6%).

In our cohort, the overall percentage correction of the
main thoracic curve was 65%; this was similar to other
published reports with all pedicle screw constructs [23-25].
Min and colleagues [23] demonstrated a 63% correction in
48 consecutive patients with a minimum 10-year follow-up.

Restoration of kyphosis in patients with AIS presents
unique challenges [26]. Ponte osteotomies have been uti-
lized to help correct this hypokyphosis, although Ponte and
colleagues [2] initially described the Ponte osteotomy as a
procedure to correct hyperkyphosis in Scheuermann
kyphosis [13,26-28]. With respect to correction of hypo-
kyphosis, Halanski and colleagues [19] did demonstrate a
greater increase in postoperative kyphosis with Ponte
osteotomies, although this did not reach statistical signifi-
cance. This finding was similar to our results in that kyphosis
restoration was greater in the Ponte group. Our significantly
larger sample size did result in statistical significance.

In 2011, Wiemann and colleagues [20] published a
human cadaveric study showing that complete facetectomies
(Ponte or Smith-Petersen) decreased the torque required to
rotate spinal elements in the axial plane by approximately
one-fifth. Our study demonstrated the clinical translation of
this finding. Although there was no difference in preopera-
tive or 2-year postoperative absolute measurements between
the patients treated with Ponte osteotomies and those who
did not have Ponte osteotomies with respect to thoracic
inclinometer readings, there was a statistically significantly
greater percentage correction of the thoracic inclinometer
measurements at 2 years. However, the improvement in the
axial plane may be explained by the coupling effect of the
enhanced coronal correction observed in patients who had
Pontes performed. The greater axial correction is likely a
combination of both the enhanced coronal correction and the
biomechanical advantage of derotation provided by Pontes.
Pre- and postoperative CT scans would have allowed for
more detailed assessment of apical rotation but were not
routinely obtained.

Criteria for when to perform a Ponte osteotomy vary
among surgeons and need to be tailored to each patient’s
individual goals. In broad terms, one can consider
performing Ponte osteotomies when the flexibility index is
!50% and/or thoracic kyphosis is !20�.

Our study did not find an increase in weight-adjusted
estimated blood loss in the patients who received Ponte
osteotomies, in contrast to other studies [13,14,19].
Halanski and colleagues [19] reported longer operating
times in patients treated with Ponte osteotomies. The cur-
rent study did not find an increase in surgical time in the
patients treated with Ponte osteotomies (mean surgical time
277.4 minutes). In the current study, there was no

statistically significant increase in hospital length of stay in
the patients who underwent Ponte osteotomies. Finally,
there were no neurologic complications in the current study.
Neurologic complications have been reported to be slightly
higher in patients treated with Ponte osteotomies, ranging
from 0% to 7% [9,13,14].

Limitations of our study include nonrandomization of
Ponte osteotomies and a multicenter data set. The non-
randomization allows surgeon-specific factors to potentially
confound the results. This may be one reason we did not
observe longer surgical times in patients who underwent
Ponte osteotomies. However, a randomized study would be
greatly limited by surgeon resistance to randomization and
the cost of undertaking such a study. We further attempted
to control for this factor by attempting to identify for each
surgeon’s patients before and after they began routinely
performing Ponte osteotomies. Unfortunately, the data set
did not reliably include this information. All of the sur-
geons who participated contributed patients to both the
Ponte and No Ponte groups. This may decrease surgeon-
specific confounding factors. However, we could not con-
trol for surgeon learning curve and technical evolution.

In addition, standard PA and lateral radiographs do not
provide three-dimensional data. Future work will delve into
more detail with the newer generation of x-ray machines that
can reconstruct three-dimensional images. Another limita-
tion of the study is its multicenter nature, potentially intro-
ducing center-specific confounders. However, this allows for
adequate sample size, and we were able to maintain an
acceptable percentage follow-up (O75% at 2 years). Lastly,
the average overall improvement with Ponte osteotomies in
our cohort with respect to coronal, sagittal, and rotational
correction was statistically significant but likely does not
represent a clinical significance. The extent of improvement
will vary with the patient, and future work will try to identify
those patients who do attain the most clinically signifi-
cant increases.

In conclusion, it appears that Ponte osteotomies increase
correction in all 3 planes in patients with Lenke 1A and 1B
AIS treated with pedicle screws even though there may not
be clinically significant improvement. Ponte osteotomies
appear to result in an increased amount of estimated blood
loss with a trend toward more cell saver transfused, but they
do not increase the length of surgery or hospital length
of stay.

Key points:

1. Ponte osteotomies were performed in larger, stiffer
curves and resulted in greater correction in all three
planes.

2. Restoration of thoracic kyphosis was greater in pa-
tients who underwent Ponte osteotomies, whereas
those without Ponte osteotomies showed no change.

3. Greater correction of the rib prominence was
obtained when Ponte osteotomies were performed.
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