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Abstract

Purpose Surgical correction for AIS has evolved from all hooks to hybrids or all screw constructs. Limited literature exists
reporting outcomes using PHDS for posterior spinal fusion (PSF). This is the largest series in evaluating results of PHDS
technique.

Methods A retrospective review of consecutive AIS patients undergoing PSF by a single surgeon between 2006 and 2015
was performed. All eligible patients met a minimum 2-year follow-up. Patient demographics and radiographical parameters
(radiographic shoulder height (RSH), T1 tilt, clavicle angle) at baseline, 6-week and 2-year post-operation were recorded. The
primary outcome was difference in RSH from baseline measurements evaluated using repeated measures one-way analysis
of variance with Bonferroni correction.

Results A total of 219 patients (mean age at surgery: 13.68 years; 82% female) were included. The mean follow-up was
41.2 months (range 24-108 months). The RSH was significantly improved from — 14.7 + 10.38 mm to 8.0 + 6.9 mm
(P <0.0001). Clavicle angle was improved from 2.13° to 1.31° (P <0.0001). T1 tilt was improved from 5.6° to 2.2°
(P <0.0001). At last follow-up, 95.8% of patients were shoulder balanced. There was a significant improvement of Cobb
angle with an average correction of the upper thoracic curve of 42% and main thoracic curve of 67%.

Conclusion The PHDS demonstrates the potential for additional shoulder balance improvement. Extension of fusion to
structural proximal thoracic spine is the key to success for shoulder balance. It remains to be seen whether these improve-
ments will translate into improved clinical outcomes in the longer term.

Keywords PHDS technique - Hybrid construct - Pedicle screw construct - Adolescent idiopathic scoliosis - Shoulder
balance

Introduction

The goals of surgical treatment for adolescent idiopathic
scoliosis (AIS) are to obtain a solid fusion while main-
taining correction and balance in the coronal and sagittal
planes [1]. After the era of Harrington instrumentation, hook
instrumentation systems became the gold standard for AIS
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treatment. Over the last two decades, pedicle screw systems
have replaced all-hook constructs.

Pedicle screws can be used alone or in combination with
hooks which is often referred to as a hybrid [2, 3]. These
systems allow for deformity correction in the coronal, sagit-
tal and axial planes [2, 4].

Compared to the all-hook constructs, the hybrid hook-
screw construct can further increase the degree of correc-
tion possible and decrease the length of the fusion necessary
through distraction of the key vertebrae on the concave side
and appropriate compression on the convex side. Several
studies have tried to prove the superiority of correction of
pedicle screws by comparing all-pedicle screw fixation with
previous other constructs, such as hook or hybrid instrumen-
tation. Results, however, are inconsistent [2, 5, 6].

Shoulder balance is a major concern in AIS patients as it
is associated with patient appearance and patient satisfaction
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[7, 8]. Ending the construct with hooks at the proximal 2
or 3 levels and with screws distally is a technique we use
to provide ligamentotaxis effect on correction of both the
sagittal and coronal plane. This theoretically also reduces
the potential adverse effects of all screw technique such as
pedicle screw malposition and proximal junctional kyphosis
(by transitioning from a rigid to less rigid construct) while
providing for deformity and shoulder imbalance correction.

Our hypothesis is that this proximal hook screws distally
(PHDSs) with a standard arthrodesis technique will provide
to improve shoulder balance while allowing for curve cor-
rection. In this paper, we will report our results using PHDS
technique and its effects on shoulder balance over the follow-
up period.

To our knowledge, there are no clinical and radiologic
outcome reports using this technique. This study is the larg-
est series in evaluating results of hybrid in AIS patients.

Materials and methods
Patient population

After obtaining institutional review board approval, the
medical records and spinal radiographs of patients with
AIS surgically treated between 2006 and 2015 were retro-
spectively reviewed. Inclusion criteria were as follows: (1)
patients undergoing instrumented posterior spinal fusion
with PHDS construct, (2) minimum 2-year follow-up and
(3) all patients treated by the same surgeon (senior author).
Patients who underwent spine surgery before the index sur-
gery were excluded. PHDS was defined as hooks being used
for proximal fixation (2 or 3 segments) with pedicle screws
used distally. In a query of 440 spinal fusion for AIS cases
performed between 2006 and 2015, 252 PHDS patients were
identified. For this investigation, a total of 219 patients were
included. Thirty patients with poor visualization radiograph
and three patients had previous spine surgery were excluded.

Clinical and radiographic assessment

All patients were evaluated preoperatively, immediately after
surgery (at first postoperative visit 6 weeks after surgery),
and at a minimum of 2 years after surgery with whole-spine
erect posteroanterior and lateral radiographs. Preoperative
radiographic evaluation also included supine right and left
bending films.

Data were collected on age, sex, body weight, Race,
Risser stage, digital skeletal age (Sanders maturity score),
curve pattern (Lenke classification). Surgical data included
operating room (OR) time and estimated blood loss
(EBL) were recorded. Clinical outcomes were evaluated
from SRS-22 scores at follow-up. Radiographic analysis

included Cobb angle measurements of the main thoracic
and proximal thoracic curves, radiographic shoulder height
(RSH), T1 tilt and clavicle angle. RSH was defined as the
difference in the soft tissue shadow directly superior to
the acromioclavicular joint [9]. A positive RSH value was
defined as right shoulder was higher, whereas a negative
value was defined as left shoulder was higher. A shoul-
der imbalance was defined as RSH difference more than
20 mm. A positive T1 tilt and clavicle angle were defined
as tilting or opening to the right, whereas a negative value
was defined as tilting or opening to the left. On the lateral
radiographs, the proximal junction angle was defined as
the caudal endplate of the UIV to the cephalad endplate to
vertebrae proximal. Abnormal proximal junctional kypho-
sis (PJK) was defined by proximal junction sagittal Cobb
angle > 10° and at least 10° greater than the preoperative
measurement [21].

All radiographic measurements were made by three of
the authors who were not involved in the patient treatment.
In addition, the following ratio was determined immedi-
ately postoperatively and at final follow-up:

%correction of proximal and main thoracic curve

= (preoperative curve—postoperative curve/preoperative curve) X 100

Surgical technique

All operations were performed by the senior author. A
standard midline posterior subperiosteal approach was
performed followed by distal and proximal instrument
insertion. Paravertebral muscle and posterior ligamen-
tous complex of proximal junctional level including facet
joint capsule were preserved during the surgery. Lamina
hooks and pedicle hooks were used for proximal fixation,
and pedicle screws were used distally. The technique of
hooks placement is described in Fig. 1. Pedicle screws
were inserted by standard free-hand technique. All infe-
rior facets were resected, and cartilage was denuded from
the superior facets for fusion. Segmental distraction and
compression were performed for shoulder levelling. Intra-
operative construct position, curve correction, truncal bal-
ance and shoulder balance were checked intraoperatively
with the fluoroscope. All patients had motor and sensory
monitoring intraoperatively.

Statistical analysis
Repeated measures one-way analysis of variance (RM-

ANOVA) and Friedman test were performed. Statistical
significance was set at P <0.05.
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Fig.1 A 16-year-old female with AIS Lenke 3, who underwent pos-
terior spinal fusion using PHDS technique. Preoperatively, main
thoracic Cobb was 65° and lumbar Cobb was 55°. Her RSH was 0.5
cm. (right shoulder is slightly higher than the left). On bending films,
there was still a curve in the proximal thoracic curve and although it
was less than 25° on side bending films; significant pedicle rotation
persisted and we elected to fuse to T2. After surgery, she had good
main thoracic curve correction and shoulder balance. a Before sur-
gery, b immediately after surgery, ¢ at the two-year follow-up. After
all pedicle screws were inserted. An upgoing pedicle hook was placed
at T3 on the left in the facet joint and medial to the pedicle and simi-
larly at T2 on the right. A supralaminar hook is place over the supe-
rior lamina at T2 on the left to provide a “claw configuration” on the
left side of the proximal curve. The initial corrective rod is placed

Results
Demographic data

There were 219 patients included in this study. The mean
follow-up was 41.2 +19.66 months (range 24—108 months;
median 33 months). The average age at the time of sur-
gery was 13.66 years (range 13-16 years). There were 179
females (82%) and 40 males (18%). Most patients had Risser
grade 4 (31.5%), followed by 5 (27.8%) and 0 (12.7%). The
majority of patients presented with a Lenke type 1 curves
(43%). The remainders were (13.2%) Lenke 2, (7.3%) Lenke
3, (4.1%) Lenke 4, (9.5%) Lenke 5 and (8.6%) Lenke 6. The
mean main thoracic Cobb angle and proximal thoracic Cobb
angle were 53.4° and 24.5°, respectively. The average pre-
operative flexibility was 52% (range 35-73%). The upper
instrumented vertebra (UIV) was T2 in 123 cases (56.3%),
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through the claw configuration at T2, 3 on the left and then into the
pedicle screws distally. The hooks are loosely held in place but stabi-
lized to prevent displacement while the spine is manipulated through
the pedicle screws distally with standard corrective maneuvers.
Then with the left T2 hook locking screw is loosened. Distraction
is applied across T3 against the TS5 pedicle screw which pushes the
left shoulder proximal. The second right sided rod is placed though
the upgoing pedicle hook at T2 and into the pedicle screws distally.
Once all distal screws have been secured and correction of the main
thoracic curve obtained; distraction is applied across T2 on the right
to push the R shoulder up and balance the shoulder height. Finally
the claw is secured at T2 on the L, by compression of T2 against T3.
Intraoperative fluoroscopy is checked to insure shoulder leveling

T3 in 28 cases (12.6%) and T4 in 68 cases (31.09%). The
median OR time for the procedures was 270 min. The mean
EBL was 530 ml. More demographic and surgical informa-
tion can be found in Table 1. The mean postoperative SRS-
22 outcome scores at final follow-up were 4.2(3.8—4.6). No
neurological complications occurred in any of the patients.
No intraoperative and postoperative hooks pullout was
identified.

Radiographic analysis
Shoulder balance
The RSH was significantly improved from — 14.7 to

8.0 mm (P <0.0001). Preoperatively, the mean RSH was
14.7+10.38. At 6 weeks after surgery, the mean RSH
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Table 1 Demographic data and surgical information

Total
No. of patients 219
Follow-up (months) 41.5+1.3
Age (year) 13.7+1.8
Sex
Male 40 (18.3%)
Female 179 (81.7%)
Race
White 196 (89.5%)
African-Americans 4 (1.8%)
Others 19 (8.7%)
Body mass index (Kg/m?) 23.1+10.7
Risser stage
0 28
1 24
2 15
3 22
4 69
5 61
Digital skeletal age (Sanders)
Immature (0-4) 92 (42.1%)
Mature (4-8) 127 (57.9%)
Lenke type
1 125 (43%)
2 29 (13.2%)
3 16 (7.3%)
4 9 (4.1%)
5 21 (9.5%)
6 19 (8.6%)
Operative time (min) 270
Estimated blood loss (ml) 530

was 9.2+ 7.7. At the final follow-up, the mean RSH was
8.0+£6.9. (Table 2). The median T1 tilt was improved from
5.6° to 2.2° (P<0.0001).

The median clavicle angle was improved from 2.13° to
1.31° (P <0.0001).

Prior to surgery, 31% of the patients had shoulder imbal-
ance. At last follow-up, 95.8% of patients were balanced
according to shoulder imbalance definition as mentioned
above.

Curve correction

Before surgery, the median proximal thoracic Cobb angle
was 24.51° (range 23.17-25.86). The median main thoracic
Cobb was 53.46° (range 51.89-55.02). At 6 weeks after sur-
gery, the median proximal thoracic Cobb angle was 14.25°
(range 13.25-15.25). The median main thoracic Cobb was
17.81° (range 16.85-18.77). The difference of both proximal
and main thoracic was significantly (P <0.001) improved.
At the last follow-up, the median proximal thoracic Cobb
was measured 14.26° (range 13.22—-15.30). The median main
thoracic Cobb was 18.81° (range 17.78-19.84). There was a
significant improvement of Cobb angle with an average cor-
rection of upper thoracic 44.21% and main thoracic 66.22%
(P<0.001).

PJK occurred in 10.3% at 6 weeks and 25.7% at final
follow-up.

Four patients (3.3%) required revision surgery, two
because of infections, one for pain and a significant met-
allosis reaction and one for proximal junctional kyphosis
(PIK). There were no neurologic events with this technique.

Discussion

This study focused on early and sustained effect of one par-
ticular hook-screw construct using hooks at the proximal
2-3 levels and screws distally called PHDS. All patients
included in this study were treated at the same institution by
a single surgeon, providing consistency in surgical technique
and patient selection criteria.

Pedicle screw fixation is considered biomechanically
advantageous because it uses pedicles as the anchor engag-
ing the vertebral body as well as posterior elements. Previ-
ous series have shown better major curve correction after
all-pedicle screw fixation than after hybrid screw-hook

Table 2 Radiographic outcomes
by time point

Preoperative 6-week follow-up Last follow-up P value
Radiographic shoulder height (RSH) 14.7+10.3 9.2+7.7 8.0+6.9 <0.0001
T1 tilt 5.6 (6.9-5.2) 4.1 (3.5-4.6) 2.2 (3.6-4.6) <0.0001
Clavicle angle 2.1(1.9-2.4) 1.7 (1.5-1.9) 1.3 (1.1-1.5) <0.0001
Main thoracic Cobb angle 53.4(51.9-55.0)0 17.8(16.8-18.7) 18.8(17.7-19.8) <0.01
Proximal thoracic Cobb angle 24.5(23.1-25.8) 14.2(13.2-15.2) 14.2(13.2-15.3) <0.001
Lumbar Cobb angle 36.0+14.7 12.0+8.0 11.7+£7.9 <0.001
Thoracic kyphosis (T5-T12) 22.1+11.1 120+64 11.8+£6.2 0.304
Sagittal vertical axis (SVA) —-15.6+27.1 —-64+21.6 -13.4+23.1 0.014
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constructs [10]. PHDS is a variation of the hybrid instru-
mentation construct. Hook constructs by our technique
described herein provide a ligamentotaxis effect using a
distraction and compression basis for shoulder leveling as
described in surgical technique. We postulated that by use of
this particular technique, we could better improve shoulder
balance in AIS patients while still providing for coronal and
sagittal and rotational deformity correction.

This technique showed the potential for shoulder bal-
ance improvement, with a mean improvement of RSH from
preoperatively to final follow-up (14.7 baseline to 9.2 at
6 weeks and 8.0 at the final follow-up) (P <0.001). Many
studies defined shoulder imbalance as RSH difference
more than 20 mm. Our technique created shoulder balance
in 95.8% of our patients. Only 16 patients (4.2%) had post-
operative shoulder imbalance. The improvement in shoul-
der balance in this study compares favorably to a weighted
average improvement of 7-13% published in prior studies
[11, 12]. We found the incidence of new shoulder imbal-
ance (the post-op shoulder imbalance patient who was
balanced before surgery) was 0.5% which is lower than a
study of Benjamin et al. where they reported new shoulder
imbalance of 8.8% [13].

The medial and lateral shoulder balance concept was
reported by Ono et al.[14]. The T1 tilt correlated very well
to medial trapezoidal prominence (medial balance) but not
lateral shoulder balance. Our study found that not only
RSH and clavicle angle (lateral balance) were improved,
but medial balance from T1 tilt angle was also improved.

The shoulder balance immediately after surgery was
also sustained until last follow-up (average 3.5 years).
This study found that there was no change of shoulder
balance parameters compared at 6 weeks after surgery and
the last follow-up. Hence, patients who have shoulder bal-
ance after surgery were still balanced at their last follow-
up by our technique (P <0.001). Secondly, patients who
have shoulder imbalance at 6 weeks after surgery will not
improve with time. Thus, shoulder balance immediately
after surgery is important for long-term outcome and can-
not be expected to improve after 6 weeks.

In terms of degree of correction, there is no consensus
which method provides the best correction [2, 5, 6]. A
retrospective comparative study of 58 patients with AIS
found that immediately after surgery, the average major
curve correction was 70% for the all-pedicle screw group
and 56% for the hybrid group [4]. Significant differences
between the two groups were also noted at 2-year follow-
up, with the all-pedicle screw construct achieving 65%
of correction and hybrid instrumentation 46%. How-
ever, a retrospective study by Alvin et al. showed no dif-
ference between those two techniques [15]. Our results
showed improvement of the primary curve of 67%, which
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is comparable to the previous studies using all-pedicle
screw constructs [2, 4, 5, 16]. This particular construct
seems to provide better correction of the major curve than
previously reported hybrid constructs. We suspected this
may be due to the fact that the major curve was corrected
by pedicle screws and the shoulder balance was improved
by the hooks. Moreover, the overall loss of correction in
the major curve was 3.1% (1.5°). This is consistent with
the loss associated with an all screw construct at around
5% from studies [2, 4]. The mean SRS-22 scores at final
follow-up were 4.2. This may be because most patients
obtained good correction of the main thoracic curve and
shoulder balance. The clinical outcome was comparable
with the previous report by Kuklo et al. that clinical out-
come was improved when appearance of shoulder and
curve correction has been corrected [9].

The ULV in our study was T2 in 123 cases (56.3%), T3 in
28 (12.6%) and T4 in 68 cases (31.1%). It might argue that
only 13% of curves were Lenke 2 from our cohort; however,
T2 was selected as UIV 56.3% of cases. We have two reasons:
Firstly, there are studies published recently about the criteria
of structural upper thoracic such as shoulder level, degree of
upper thoracic Cobb angle and degree of vertebral rotation
[17-19]. We have low threshold to go to a higher thoracic level
to provide the best correction of shoulder and upper thoracic
curve if we considered that the upper thoracic curve might
be structural although the Cobb angle was less than 25 on
bending film. Secondly, to the best of our knowledge, there is
no report or specific study on the disadvantages of T2 fusion
over T3 or T4 except the screw insertion complications. A
study of screw malposition in pediatric population found that
the higher the level in the thoracic spine, the higher the risk of
screw malposition [6]. Our technique can reduce this compli-
cation by using the hooks and also reduce radiation exposure
by using intraoperative fluoroscope which is often needed at
the proximal levels to aid screw positioning.

Another strength of this technique is that the widely dis-
cussed complication of all-pedicle screws construct is PJK.
A study by Kim et al. [20] retrospectively compared 410
cases of posterior segmental spinal instrumentation and
fusions and found that pedicle screw-only constructs had
the highest rate of PJK (35.1%) compared with hook-only
constructs (24.1%) and hybrid constructs (29.1%). Rate of
PJK from our technique was 10.3% at 6 weeks and 25.7%
at final follow-up which was comparable with other hybrids
but better than all-pedicle constructs. It seems that hooks are
associated with lower rates of PJK, especially when utilized
in the proximally instrumented vertebrae after long-segment
instrumentation to create transition load at the upper levels.
However, this study as well as most of the studies in the
literature shows that even if it has a significant prevalence
(26%) rarely, it produces symptoms [21, 22]. And we found
one only revision surgery due to PJK. In other words, low
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reoperation rate (0.4%; 1/219) from PJK was noted in this
study.

Our study has some limitations. The study was retrospec-
tive in nature. In addition, the mean follow-up of 3.4 years
is relatively short, and further long-term follow-up is war-
ranted to demonstrate whether our radiographic findings
remain durable. Finally, there were a fair number of patients
who had missing radiographic data which should be noted
when interpreting our clinical results.

Conclusion

This study demonstrates that favorable outcomes can be
obtained with the use of proximal hooks and distal screws
technique. The PHDS does demonstrate the potential for
additional shoulder balance improvement. Extension of the
fusion into structural proximal thoracic spine is the key to
success for shoulder balance. It remains to be seen whether
these improvements will translate into improved clinical out-
comes in the longer term.
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