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Scoliosis has been estimated to occur in approxi-
mately 6% of the population older than 50 years 
of age.32 In adults, scoliosis may arise secondary to 

untreated adolescent idiopathic scoliosis, failed surgical 
or nonsurgical treatment, or de novo spinal deformity oc-

curring when the patient is an adult; for example, lumbar 
degenerative scoliosis.10 Adults with scoliosis typically 
present with back pain.10 Furthermore, 15% of the popu-
lation with low-back pain and older than 60 years of age 
has been noted to have scoliosis.28

Among the most common forms of adult scoliosis 
seen in the elderly is lumbar degenerative scoliosis. It 
has been postulated to develop because of asymmetrical 
degeneration of discs, osteoporosis, and vertebral body 
compression fractures.7,21 The treatment of adult scoliosis 
remains controversial. Although nonsurgical manage-
ment is the mainstay of treatment for this condition, its 
efficacy is not well supported in the literature.31 When 
surgery is performed, little consensus exists for optimal 

Mid-term to long-term clinical and functional outcomes of 
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Object. The goal of this study was to assess the operative outcomes of adult patients with scoliosis who were 
treated surgically with minimally invasive correction and fusion.

Methods. This was a retrospective study of 28 consecutive patients who underwent minimally invasive correc-
tion and fusion over 3 or more levels for adult scoliosis. Hospital and office charts were reviewed for clinical data. 
Functional outcome data were collected at each visit and at the last follow-up through self-administered question-
naires. All radiological measurements were obtained using standardized computer measuring tools.

Results. The mean age of the patients in the study was 67.7 years (range 22–81 years), with a mean follow-up 
time of 22 months (range 13–37 months). Estimated blood loss for anterior procedures (transpsoas discectomy and 
interbody fusions) was 241 ml (range 20–2000 ml). Estimated blood loss for posterior procedures, including L5–S1 
transsacral interbody fusion (and in some cases L4–5 and L5–S1 transsacral interbody fusion) and percutaneous 
screw fixation, was 231 ml (range 50–400 ml). The mean operating time, which was recorded from incision time to 
closure, was 232 minutes (range 104–448 minutes) for the anterior procedures, and for posterior procedures it was 
248 minutes (range 141–370 minutes). The mean length of hospital stay was 10 days (range 3–20 days). The preop-
erative Cobb angle was 22° (range 15–62°), which corrected to 7° (range 0–22°). All patients maintained correction 
of their deformity and were noted to have solid arthrodesis on plain radiographs. This was further confirmed on CT 
scans in 21 patients. The mean preoperative visual analog scale and treatment intensity scale scores were 7.05 and 
53.5; postoperatively these were 3.03 and 25.88, respectively. The mean preoperative 36-Item Short Form Health 
Survey and Oswestry Disability Index scores were 55.73 and 39.13; postoperatively they were 61.50 and 7, respec-
tively. In terms of major complications, 2 patients had quadriceps palsies from which they recovered within 6 months, 
1 sustained a retrocapsular renal hematoma, and 1 patient had an unrelated cerebellar hemorrhage.

Conclusions. Minimally invasive surgical correction of adult scoliosis results in mid- to long-term outcomes 
similar to traditional surgical approaches. Whereas operating times are comparable to those achieved with open ap-
proaches, blood loss and morbidity appear to be significantly lower in patients undergoing minimally invasive defor-
mity correction. This approach may be particularly useful in the elderly. (DOI: 10.3171/2010.1.FOCUS09272)

Key Words      •      minimally invasive spine surgery      •      adult deformity      •       
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Abbreviations used in this paper: AxiaLIF = axial lumbar inter-
body fusion; DBM = demineralized bone matrix; DLIF = direct 
lateral interbody fusion; HRQOL = health-related quality of life; 
ODI = Oswestry Disability Index; PLIF = posterior lumbar inter-
body fusion; rhBMP-2 = recombinant human bone morphogenetic 
protein–2; SF-36 = 36-Item Short Form Health Survey; TIS = treat-
ment intensity scale; VAS = visual analog scale; XLIF = extreme 
lateral interbody fusion.
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management because of the heterogeneous presentation 
of the disorder, controversial surgical indications, numer-
ous surgical options, and heterogeneous outcomes in re-
ported series. Surgery is also associated with consider-
able complication rates, especially in the elderly.31

Minimally invasive spine surgery theoretically al-
lows for less tissue damage and blood loss, and as a result 
less morbidity in the treatment of adult scoliosis.4,27 Ear-
lier we reported the feasibility and technique of using 3 
novel minimally invasive methods for circumferential de-
formity correction and fusion of scoliosis.4 In this paper 
we report on a consecutive series of patients with adult 
scoliosis in whom 3 or more levels were treated with in-
strumentation and fusion according to minimally inva-
sive methods, and in whom more than 1 year of clinical 
and radiographic follow-up was available.

Methods
A research associate identified all patients who had 

undergone minimally invasive circumferential adult sco-
liosis deformity correction through a review of the da-
tabase of surgical cases performed by the senior author 
(N.A.). Seventy-two consecutive patients were identified 
who had undergone minimally invasive percutaneous in-
strumentation and fusion for adult scoliosis. Only patients 
with fusions of 3 or more levels were included, and all 
had to have a minimum of 1 year of follow-up. Addition-
ally, all had to have a minimum 15° Cobb angle to be 
included. Twenty-eight patients were identified who met 
the selection criteria. All patients had severe predomi-
nantly low- to middle-back pain, worsening over the day 
with any loading activity. Sitting was the worst position 
for pain, with stiffness in the morning being a ubiqui-
tous symptom in all. Eighteen of these patients had as-
sociated radiculopathy; 10 had severe radiculopathy that 
worsened with standing and walking. These patients had 
central and lateral recess stenosis documented on MR 
imaging. The other 8 had intermittent radiculopathy and 
foraminal stenosis on MR imaging. There were 13 men 
and 15 women (mean age 67.7 years, range 22–81 years), 
and the mean follow-up time was 22 months (range 13–37 
months). All patients had participated in extensive con-
servative therapies without adequate relief of their symp-
toms before being considered for surgery.

Data for this study were obtained through retrospec-
tive chart review with Internal Review Board approval. 
Outcome data were prospectively collected at each visit 
through self-administered patient questionnaires, with 
100% follow-up. All surgery was performed by the senior 
spine surgeon at a single institution.

Surgical Technique
Fusion levels were based on the extent of degenera-

tion and segmental instability. All degenerated discs in 
the Cobb angle were fused, and fusion extent was up to 
the first parallel normal disc on MR imaging. The tech-
niques used for minimally invasive percutaneous correc-
tion and fusion for adult scoliosis have been described 
by us previously.4 In summary, the patients in this study 
underwent a single or a combination of the following 

surgical interbody disc release and fusion procedures: 
1) XLIF (NuVasive, Inc); 2) DLIF (Medtronic Sofamor 
Danek, Inc.); or 3) AxiaLIF for L5–S1 fusion, or in some 
cases L4–5 and L5–S1 fusion (TranS1, Inc.). Posteriorly, 
all patients underwent multilevel percutaneous pedicle 
screw instrumentation, for which the Medtronic CD Ho-
rizon Longitude system was used. If 3 or more levels were 
being treated, the surgeries were staged 2 to 3 days apart, 
with the lateral interbody discectomies and fusions being 
performed in the first stage, followed by the second stage, 
in which the axial interbody fusion and the posterior in-
strumentation and fusion were done.

The techniques of lateral lumbar interbody fu-
sion procedures (XLIF and DLIF) have been well de-
scribed.3,6,16,23,25,26 The technique was nearly identical for 
both the XLIF and DLIF procedures, with the exception 
of access to the disc space and use of different retrac-
tor systems. Proprietary instrumentation was used for 
disc space access, in addition to continuous neurophysi-
ological monitoring, including free-running and trig-
gered electromyography. In degenerative scoliosis, the 
side selected for access to the disc space was determined 
by the side where the L4–5 disc space was more readily 
accessible given the morphological features of the iliac 
crest. If L4–5 was not being fused, then access was al-
ways obtained on the side of the convexity. In adult id-
iopathic scoliosis, the MR imaging study was carefully 
reviewed with regard to the vascular anatomy, and access 
was obtained from the convex side. The disc was released 
all the way to the contralateral side to obtain maximal 
coronal correction at that segment. After endplate prep-
aration, lordotic polyetheretherketone spacers supple-
mented with rhBMP-2/ACS (Infuse, Medtronic Sofamor 
Danek) and Grafton putty DBM (Osteotech) were then 
used to maintain the correction and perform fusion. A 
single large Infuse sponge (infused with 12 mg rhBMP-2) 
was equally divided among all the levels being fused, and 
placed within the polyetheretherketone cage in the DLIF 
procedure, augmented with Grafton putty DBM. This av-
eraged to 3.5 mg of rhBMP-2 (range 2–4 mg/level) per 
disc space fused via the transpsoas technique. The lowest 
level was always treated first, with sequential segmental 
discectomy and fusion being performed from a caudal to 
rostral direction.

The TranS1 AxiaLIF procedure was used as the per-
cutaneous interbody fusion technique for L5–S1, and in 
some cases L4–5 and L5–S1 (when access to the L4–5 
interspace via the transpsoas approach was not feasible 
because the patient’s iliac crest was relatively high). The 
general technique for this approach has also been de-
scribed in detail elsewhere.23 The AxiaLIF nondistract-
ing screws were placed across the L5–S1 disc space (and 
in some cases also L4–5). Lordosis was obtained by po-
sitioning the patients’ legs in extension, and by perfor-
mance of discectomies. Fusion was obtained with local 
bone, Grafton putty DBM, and use of one-half of a small 
sponge of Infuse (from an additional kit) per level. This 
amounts to 2.1 mg of rhBMP-2 per disc space fused with 
this technique.

Posterior multilevel percutaneous pedicle screw sta-
bilization was obtained using the Medtronic CD Horizon 
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Longitude system. All screws were placed percutane-
ously with the aid of fluoroscopic guidance. Cannulated 
screws were placed over guide wires. All screws had 
extenders attached to them containing a slot to receive 
an unconstrained rod. Rods were shaped according to 
the sagittal contour desired, and then passed freehand 
through the slots under direct fluoroscopic control. After 
they were passed into all the screw extenders, the rods 
were reduced to seat them into the tulips of pedicle screw 
heads. Once reduced, a top locking nut was inserted to 
fix the rod to the screw, starting from the caudal screw 
and working proximally in a sequential manner. After all 
the nuts were placed in the screw heads, extenders were 
unseated and detached from the screws. Posterior fu-
sion was then performed in long fusions at the levels that 
were not done anteriorly, and at all levels that underwent 
transsacral procedures. This was done through the same 
incision used for screw placements, via a Wiltse-style ap-
proach with an expandable tubular retractor. Facet joints 
and pars were identified, then decorticated with a high-
speed bur and grafted with local bone augmented with 
Grafton putty DBM and rhBMP-2. Approximately 1.62 
mg of rhBMP-2 was used per facet–pars complex fused 
with this technique. In patients in whom segments had 
already been treated with anterior lumbar fusion, pedicle 
screw instrumentation was used as a posterior tension 
band for increased stability and correction; there was no 
posterolateral fusion at these levels.4

Study Measures
Study measures included operative data consisting 

of blood loss and operating time. Length of hospital stay 
was noted, as were perioperative complications.

Clinical and functional outcome was evaluated using 
the VAS, the ODI and TIS questionnaires, and the SF-36 
health survey. These were collected prospectively preop-
eratively and at 6-week, 3-month, 6-month, 1-year, 2-year, 
and 3-year intervals. The TIS questionnaire5 was admin-
istered to document objectively the amount of treatment 
for pain that patients received postsurgery. It consists of 5 
questions with 6 choices each. The questionnaire is scored 
0 to 100, and it objectively quantifies the basic postop-
erative treatment received by each patient, and assigns a 
score at follow-up.5 The self-administered questionnaires 
and radiographic data were scored and tabulated in a da-
tabase. Patients were asked to rate the surgery as excel-
lent, good, fair, or poor, and to state whether they would 
recommend the surgery to another patient or friend.

Results
The demographic data of the patients in the cohort 

are listed in Table 1, along with the levels treated and the 
number of anterior and posterior levels fused. Seventeen 
patients underwent a TranS1 AxiaLIF procedure at L5–
S1 or at L4–5 and L5–S1.

Surgical and Clinical Data
Surgical data are shown in Table 2. For anterior pro-

cedures (transpsoas discectomy and interbody fusions), 

the estimated blood loss was 241 ml (range 20–2000 
ml). A single patient incurred a 2000-ml blood loss sub-
sequent to retrocapsular renal bleeding, which tampon-
aded off without any sequelae. Estimated blood loss for 
posterior procedures, including L5–S1 transsacral inter-
body fusion and percutaneous screw fixation, was 231 ml 
(range 50–400 ml). The mean operating time, which was 
recorded from time of incision to closure, was 232 min-
utes (range 104–448 minutes) for the anterior procedures, 
and for posterior procedures it was 248 minutes (range 
141–370 minutes). The mean length of stay was 10 days 
(range 3–20 days).

All patients had a solid arthrodesis documented at 1 
year. This was confirmed on plain radiographs, and fur-
ther documented on CT scans in 21 patients. The mean 
Cobb angle preoperatively was 22.3° (range 15–62°), and 
postoperatively it was 7.47° (range 0.6–22°) (p < 0.0001; 
see Figs. 1 and 2).

Clinical results were all found to be statistically sig-
nificant, and are shown in Table 3. The mean preoperative 
VAS and TIS scores were 7.05 and 53.5; postoperatively 
these were 3.03 and 25.88, respectively. The mean preop-
erative SF-36 and ODI scores were 55.73 and 39.13; post-
operatively these were 61.50 and 7, respectively.

Postoperative Complications 
Seventeen patients were noted to have immediate 

postoperative thigh dysesthesias, which resolved within 
6 weeks. Transient hip flexor weakness and pain was also 
noted in several patients, which completely resolved again 
within 6 weeks of surgery. All patients showed fusion on 
imaging studies, with no evidence of pseudarthrosis. One 
patient required removal of the proximal screw at T-12 
once fusion was confirmed on CT scans; the screw had 
to be removed because of its prominence. Another patient 
had an asymptomatic proximal screw fracture at L-2, with 
solid fusion confirmed on imaging studies. Two patients 
developed quadriceps palsy with weakness of the vastus 
medialis, and these patients went on to achieve complete 
recovery by 6 months. There were no vascular or perma-
nent neurological issues. One patient had an intraopera-
tive retrocapsular renal hematoma, which tamponaded 
off and needed no further intervention. She did lose 2000 
ml of blood, and received appropriate transfusions, with 
no untoward sequelae. Another patient had an unrelated 
cerebellar hemorrhage that presented as lethargy 2 days 
postoperatively. The patient required emergency craniec-
tomy, clot evacuation, and ventriculostomy placement. 
She recovered well without long-term sequelae: she has 
no dysarthria, dysmetria, ataxia, or other cerebellar signs 
and symptoms. No durotomy occurred during surgery, 
and the extensive cardiac and neuroimaging workup was 
negative for an embolic, ischemic, or aneurysmal/vascu-
lar malformation source (Table 4).

Discussion
Adult scoliosis remains a challenge for the spine sur-

geon. Given the patients’ age and the often-associated 
medical comorbidities in this population, surgical treat-
ment can be particularly challenging.14 In their series of 
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28 patients undergoing surgery for adult scoliosis, Ali et 
al.2 noted that 18% of patients experienced a periopera-
tive complication. The average blood loss was reported 
as 1600 ml, with patients receiving a transfusion of 2.4 U 
on average. Similarly, Shapiro et al.30 reported outcomes 
in 16 patients undergoing circumferential deformity cor-
rection for adult scoliosis with concurrent low-back pain 
and spinal stenosis. In patients undergoing combined sur-
gery as an index procedure, they noted a mean blood loss 
of 3665.7 ml, and they reported a complication rate of 
75%. Daubs et al.15 reported complications in 46 patients 
with arthrodesis of 5 or more levels undergoing adult 
deformity correction surgery. Among these patients, 28 
(60%) had the diagnosis of lumbar degenerative scoliosis 
or adult idiopathic scoliosis. These authors noted a mean 
blood loss of 2056 ml, and an average transfusion of 5 U 
packed red blood cells per patient. They noted an overall 

complication rate of 37%, with 20% of patients sustaining 
a major complication.

Historically, complication rates ranging from 20 to 
80% have been reported in the treatment of lumbar de-
generative scoliosis.1,12,29,36 Recent series have reported 
similar complication rates. Cho et al.13 reviewed their ex-
perience with 47 patients undergoing PLIF with instru-
mentation for lumbar degenerative scoliosis. They noted 
an overall complication rate of 68%, with 30% of patients 
having early perioperative complications and 38% having 
late complications. These authors concluded that abun-
dant blood loss was a significant risk factor for early pe-
rioperative complications. They noted a mean blood loss 
per patient of 2.1 ± 1 L, with an average hospital stay 
of 20.7 ± 9.6 days. They further noted that patients with 
degenerative lumbar scoliosis often require long-segment 
fusion, which may increase the risk of complications re-

TABLE 1: Demographic characteristics, surgical data, and follow-up time in 28 patients with adult scoliosis*

No. of Procedures

Indica-
tion

Levels 
Treated

Transpsoas Lat 
Interbody Fusion

Pst Perc 
Screws & Rods

Axia-
LIF

LOS 
(days)

FU 
(mos)

EBL (ml) OR Time (min)

Stage 1 Stage 2 Stage 1 Stage 2

DLS L2–5 3 3 17 37        
DLS L2–5 3 3 6 33 100   167 276
DLS L1–S1 4 5 1 11 32 100 50 366 208
DLS L1–S1 3 3 3 31 100   156  
DLS T12–S1 5 6 1 10 30 150 350 425 267
DLS T10–S1 3 8 1 11 29 20 150 225 336
DLS L1–S1 4 5 1 5 29 500   448  
DLS L2–S1 3 4 1 6 28 100 100 124 263
AIS T12–S1 5 6 1 7 26 300 300 225 227
DLS L2–S1 3 4 1 10 26 150 150 137 261
DLS L1–5 3 3 6 26 100 300 208 270
DLS L2–5 3 3 6 24 300 200 248 186
postlami T12–S1 1 6 4 23 300   250  
AIS T12–S1 5 6 1 7 21 100 300 257 310
DLS L1–S1 4 5 1 9 21 100 150 206 178
AIS L1–S1 4 5 1 4 20 300 200 255 308
DLS T12–S1 4 6 2 9 18 100 300 193 296
DLS L2–5 3 3 15 18 250   313  
AIS L2–S1 2 4 7 17 150 100 104 191
AIS T12–S1 4 6 2 10 17 100 400 150 221
AIS T12–S1 4 6 2 20 16 200 300 169 370
AIS L1–5 3 3 9 16 150 200 139 141
DLS L2–S1 2 4 2 9 16 100 300 114 192
postlami T10–S1 5 8 1 9 16 250 200 197 354
DLS L3–S1 2 3 1 17 15 200   296  
DLS L1–S1 4 6 8 15 100 150 431 165
AIS T12–L5 5 5 16 14 2000 400 255 153
AIS T12–S1 5 6 1 17 13 200 250 196 276

*  AIS = adult idiopathic scoliosis; DLS = degenerative lumbar scoliosis; EBL = estimated blood loss; FU = follow-up; LOS = length 
of stay; OR = operating room; Perc = percutaneous; postlami = after laminectomy; Pst = posterior.
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lated to instrumentation. An overall pseudarthrosis rate 
of 4.3% was noted.

The surgical environment of degenerative lumbar 
scoliosis remains challenging for patients, especially 
given the hypolordosis associated with this condition, os-
teoporosis, and the advanced patient age. Thus, interbody 

fusion has been suggested for achieving a higher fusion 
rate and theoretically achieving better alignment than 
posterolateral instrumented fusion alone.35 Wu et al.35 
reported on 29 consecutive patients with degenerative 
scoliosis who underwent a PLIF procedure. They noted a 
mean blood loss of 1.7 L ± 129 ml, with an average hos-
pital stay of 11.7 ± 8.3 days. They noted no major medical 
complications, except for 1 patient who had a superficial 
infection. The ODI scores were noted to improve from 58 
± 11.5 preoperatively to 25.8 ± 19 postoperatively. Lum-
bar scoliosis improved considerably with this technique, 
with a preoperative Cobb angle measuring 16.5 ± 5.7° 
and postoperatively measuring 7.4 ± 3.4°. The authors 
concluded that PLIF, performed after laminectomy in pa-
tients with degenerative lumbar scoliosis, is a safe and 
effective procedure.

Bono and Lee9 pooled 78 articles regarding spinal 
fusion for lumbar degenerative disc disorders, and they 

TABLE 2: Surgical data in 28 patients with adult scoliosis

Parameter Anterior Procedures* Posterior Procedures† 

EBL 241 ml (range 
  20–2000 ml)

231 ml (range 50–400 
  ml)

op times (time in 
  OR to time out)

232 min (range 
  104–448 min)

248 min (range 
  141–370 min)

*  Transpsoas discectomy and interbody fusion.
†  Percutaneous pedicle screw and rod placement; possible transsacral 
L5–S1 interbody fusion.

Fig. 1.  A and B: Preoperative anteroposterior and lateral long-cassette standing radiographs demonstrating ~ 35° adult 
lumbar scoliosis, with the apex to the left, in a 61-year-old woman.  C and D: The 1-year postoperative anteroposterior and 
lateral radiographs reveal excellent correction (Cobb angle of 4°), with good sagittal balance.
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reported the pooled outcomes for lumbar decompression 
and fusion for degenerative scoliosis. They reported an 
overall good-to-excellent outcome in 82% of patients; the 
fusion rate was reported at 87%. Nevertheless, compli-
cation rates for scoliosis based on the pooled data were 
55%. Clearly, surgery for a subset of patients with lumbar 
degenerative scoliosis appears to be of benefit, but peri-
operative complications remain a major problem. Blood 
loss is a major concern. Given that the average blood loss 
for adult deformity correction has been reported as 1.5 
L, and has been reported to range from 360 ml to 7 L 
for instrumented fusion, such operative interventions may 
be considered very risky in elderly patients, given their 
increased risk for cardiovascular morbidity.21,24 Weiden-
baum34 recommended consideration of focal surgical in-
tervention rather than long-segment deformity correction 
within this patient population.

Our operative results are particularly attractive when 
comparing complications and blood loss to historical 
controls. Clearly, the total blood loss for circumferential 
procedures averages < 500 ml, which is considerably less 
than any of the abovementioned series for treatment of 
similar patients. Additionally, operating times were com-
parable to those for open procedures, and the length of 
stay was considerably shorter than those reported by the 
above-named authors. The clinical outcomes, in terms of 
both VAS and TIS scores, which are measures of patient 
narcotic use and pain intervention requirements,5 demon-
strate excellent results for these procedures.

Nevertheless, the utility of such an approach needs 
to be analyzed by studying clinical outcomes data. The 

HRQOL measures such as the SF-36, the ODI, and VAS 
scores allow the clinician to achieve better understand-
ing of the degree of patient improvement for any given 
intervention, and have become standard instruments for 
studying outcome for lumbar degenerative conditions.18,19 
In our study, the mean ODI improvement was 32.13 points 
at 1 year, the mean SF-36 improvement was 5.77, and the 
mean VAS improvement was 4.02 points. This compares 
quite favorably to the data reported by Glassman et al.18 
in a study in which they assessed patients who had under-
gone posterolateral instrumented lumbar fusion. In their 

TABLE 3: Clinical and radiological outcomes at 1 year in 28 
patients with adult scoliosis*

Outcome Preop Postop
Average 
Change  p Value†

clinical
  VAS 7.05 3.03  −4.02 <0.0001
  TIS 53.5 25.88 −27.62 0.02
  SF-36 55.73 61.50 5.77 0.014
  ODI 39.13 7.00 −32.13 0.02
radiological 
  Cobb angle 
    (range)

22.3° 
(15–62°)

7.47° 
(0.6–22°) 

−14.9° <0.0001

*  All values are presented as means unless otherwise indicated. All patients 
had fusion confirmed on plain and flexion-extension radiographs; 21 patients 
had confirmed solid arthrodesis on CT scans.
†  According to paired t-tests.

Fig. 2.  Postoperative CT scans, sagittal (A and B) and coronal (C) reconstruction images, demonstrating a solid arthrodesis. 
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series, 17 patients with degenerative scoliosis were noted 
to have a 1-year improvement in ODI scores of 21.2, and 
an improvement in the SF-36 physical component score 
of 6.8. These results are consistent with achieving a mini-
mally and clinically important difference for each out-
come measure, where a value change of 10 points for the 
ODI and 5.42 points for the SF-36 physical component 
score are considered an important difference.17,33 In the 
same series, Glassman et al. noted an overall complica-
tion rate of 41.2% for patients undergoing surgery for de-
generative scoliosis.

In our series, all patients had a solid arthrodesis on 
plain radiographs, which was further confirmed on CT 
scans in 21 patients at 1 year. In terms of dosing of rh-
BMP-2, we used between 2 and 4 mg per interbody level 
fused, and approximately 1.62 mg per facet–pars complex 
(3.24 mg per posterolateral level) fused. In terms of in-
terbody fusion technique, these doses were considerably 
lower than the 12–18 mg per level used in 3 different clin-
ical trials in which rhBMP-2 was used with anterior lum-
bar interbody fusion.11 Similarly, much less rhBMP-2 was 
used posteriorly than the 10–40 mg per level reported by 
other groups performing instrumented posterolateral fu-
sions.8,22 Given the successful fusion achieved in our se-
ries with much lower dosing of rhBMP-2 per level, further 
studies are probably warranted to determine the mini-
mum effective dose of rhBMP-2 necessary to achieve a 
successful arthrodesis.

There was only 1 case noted of screw fracture, and 
another with screw prominence due to inadequate con-
touring of the rod. Longer-term follow-up will determine 
whether there are long-term problems. Although not re-
ported in this series, sagittal balance correction achieved 
via this technique was excellent. Additionally, no pseud
arthrosis at L5–S1 was seen, and no sacral stress frac-
tures or sacral screw loosening were noted. Patients did 
not receive instrumentation to the ilium. Longer-term 
follow-up will address the issue of whether techniques 
such as the ones described by us may obviate the need 
for iliac bolts.

Conclusions
Circumferential minimally invasive correction and 

fusion for adult scoliosis represents a newer method of 

achieving long-term outcomes similar to those obtained 
with open methodologies in terms of clinical improve-
ment, but has considerably lower morbidity and com-
plication rates. Blood loss and hospital stays are sig-
nificantly lower than those reported in earlier literature. 
The HRQOL measures revealed that clinical outcomes 
achieved with these techniques at > 1 year of follow-up 
were comparable to those of historical open controls. Re-
cently, Glassman et al.20 noted that HRQOL parameters 
stabilized at 1 year postoperatively: they noted no sta-
tistically significant differences when comparing 1- and 
2-year outcomes in 283 adult patients with deformity who 
underwent surgery. Given all this, minimally invasive 
circumferential deformity correction remains attractive, 
especially in elderly patients and in patients with medi-
cal comorbidities who are being considered for deformity 
correction, decompression, and fusion.
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