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Surgical Correction in Patients with Lumbar
Degenerative Kyphosis Who Had Low Bone
Mineral Density: An Analysis of 40 Patients with a
Minimum Follow-Up of Two Years
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Study Design: Retrospective study.

Purpose: To investigate influence of bone mineral density (BMD) on the surgical correction of lumbar degenerative kyphosis (LDK).
Overview of Literature: No studies so far have reported the influence of BMD on the surgical correction of LDK.

Methods: Forty LDK patients with more than 2 years follow-up were studied. Pelvic incidence (PI), pelvic tilt, sacral slope, sagittal
vertical axis (SVA), lumbar lordosis (LL), and thoracic kyphosis were measured preoperatively, immediate postoperatively and at final
follow-up. Adverse outcomes: proximal adjacent fractures, sagittal decompensation, pseudoarthrosis, and cage subsidence were
documented.

Results: There were 37 females and 3 males. Average age was 65.1+4.5 years and mean follow-up was 34.2+16.7 months. 42.5%
were Takemitsu type 3 curves, 27.5% type 2, 20.0% type 4 and 10.0% type 1. 37.5% had osteopenia, 40.0% osteoporosis and
22.5% had severe osteoporosis. SVA improved from 237.0+96.7 mm preoperatively to 45.3+41.8 mm postoperatively (p=0.000). LL
improved from 10.5°+14.7° to —40.6°+10.9° postoperatively (p=0.000). At final follow-up SVA deteriorated to 89.8+72.2 mm and LL to
34.7°+15.8° (p=0.000). The association between late sagittal decompensation, pseudoarthrosis, or proximal adjacent fractures and
osteoporosis was insignificant. The difference between immediate postoperative LL and PI (PIDiff) had a significant association with
sagittal decompensation and pseudoarthrosis.

Conclusions: Osteoporosis did not influence the degree of correction, late sagittal decompensation, proximal adjacent fractures, and
pseudoarthrosis in LDK. PIDiff had a significant association with sagittal decompensation and pseudoarthrosis.

Keywords: Lumbar degenerative kyphosis; Bone mineral density; Surgery; Outcome; Osteoporosis

Introduction the vertebral column as well as the muscles enveloping
the vertebral column [1,2]. The clinical implication of
Kyphotic deformities of the spine alter the mechanics of this deformity is difficulty in maintaining sagittal balance
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and horizontal gaze, and an increase in low back pain
[3,4]. Many aetiologies can cause kyphotic deformity of
the spine including ankylosing spondylitis, iatrogenic
flatback syndrome, and post-traumatic or post-infectious
kyphotic deformity. Lumbar degenerative kyphosis (LDK)
is a unique entity that more commonly affects middle-
aged to elderly women in Asian countries, particularly
Korea and Japan [5]. The clinical characteristics, epide-
miology, and radiological findings of this disease were
described and classified by Takemitsu et al. [5] in 1988.
While the exact cause of this disease is only partially
understood, this disease poses a specific challenge to the
surgeons that differs from other flatback diseases. This
disease affects older patients who frequently have con-
comitant poor bone quality [6,7]. It affects the mobile
lumbar spine, which sometimes demonstrates instability;
therefore, when surgical intervention is implicated, fixa-
tion to the sacrum or ilium is required. The combination
of all these factors places the instrumentation construct
under a tremendous force; thereby increasing the likeli-
hood of failure. The effect of poor bone quality on pedicle
screw purchase has been investigated [8-11]; but, to date
none of the studies have specifically investigated the ef-
fect of osteoporosis on the outcome of surgical correction
in LDK.

Materials and Methods

A total of 40 patients were included in this retrospective
study. All of the patients were diagnosed with LDK based
on clinical as well as radiological investigations. Patients
presented with symptoms such as stooping, low back
pain, and fatigability during prolonged walking with or
without symptoms of spinal stenosis. Radiological find-
ings included sagittal imbalance and lumbar spondylotic
changes without fractures involving the lumbar spine. All
of the patients included in the study had undergone bone
mineral densitometry (BMD) measurements of the spine
and hip by utilizing a dual energy X-ray absorptiometry
(DEXA) scan performed within 6 months of the surgi-
cal intervention. Only patients with follow-up of more
than two years were included in the study. To distinguish
patients with LDK and concomitant osteoporotic fragility
fractures from those with post-traumatic kyphosis, pa-
tients with fractures within the lumbar region contribut-
ing to kyphosis were excluded from the study.

Surgical intervention in these patients consisted of seg-
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mental pedicle screw insertion with or without supple-
mentary iliac or iliosacral screws. All of the patients had
undergone posterior release via multiple Smith Petersen
osteotomies and anterior column support using either
posterior lumbar interbody cages or anterior lumbar
interbody cages. The need for performing additional
osteotomies in the form of partial pedicle subtraction
osteotomies, pedicle subtraction osteotomies or posterior
vertebral column resection was assessed after the pos-
terior release and based on intraoperative radiographs.
The choice of the upper instrumented vertebra (UIV)
depended on the type of curve. For Takemitsu type 4
curves, fusion was invariably extended to T10 or higher.
For type 1 to 3 curves, the UIV depended on the apex of
lumbar kyphosis. For kyphosis below L3, the UIV was L2;
but when the apex was at L3, higher fusion was at L1 to
T10. When a partial pedicle subtraction osteotomy was
required, instrumentation was extended at least 2 levels
above the osteotomy site; and when a pedicle subtraction
osteotomy or posterior vertebral column resection was
needed, instrumentation at 3 levels above the osteotomy
level was performed. Postoperatively, a thoracolumbar
support orthosis was prescribed for 3 months. Medica-
tion for osteoporosis treatment was commenced only

after bony union was established.
1. Radiographic analysis

Anteroposterior as well as lateral 14x36 inch full-length
spine radiographs of the 40 subjects standing with their
arms on the clavicle position unsupported were obtained
after 10 minutes of walking. The radiographs were taken
with the hip joint being perpendicular to the cassette, and
with the knee joint completely extended. Dynamic views
of the lateral lumbar radiographs and lateral radiograph
of the pelvis were also obtained. These radiographs were
obtained preoperatively, 6 weeks postoperatively, as well
as at the final follow-up. The digital images were archived
using a digital archiving software (Infinitt, Seoul, Korea)
that allowed for magnification of anatomical landmarks
to increase the accuracy of measurements. A singe inves-
tigator performed all of the radiological measurements.

2. Sagittal parameters

Positive values for thoracic kyphosis and lumbar lordosis
indicated kyphosis, whereas negative values indicated
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lordosis. Positive values for sagittal vertical axis (SVA) in-
dicated the center of the C7 body was anterior to the pos-
terior superior corner of the sacrum, whereas a negative
value indicated otherwise. The spinopelvic parameters
examined in this study included:

Thoracic kyphosis (TK): measured between the supe-
rior end plate of T5 and the inferior end plate of T12 us-
ing the Cobb method.

Lumbar lordosis (LL): measured between the superior
end plate of the L1 vertebra to the superior end plate of
the S1 vertebra using the Cobb method.

Pelvic incidence (PI): defined as the angle between
the perpendicular line from the sacral plate and the line
connecting the midpoint of the sacral plate to the bicoxo-
femoral axis.

Sacral slope (SS): defined as the angle between the
sacral plate and the horizontal plane.

Pelvic tilt (PT): defined as the angle between the line
connecting the midpoint of the sacral plate to the bicoxo-
femoral axis and the vertical plane.

Sagittal vertical axis (SVA): defined as the horizontal
distance between the posterior corner of the sacrum and
the C7 plumb line.

The difference between the immediate postoperative
lumbar lordosis and the pelvic incidence (PIDiff) was
calculated from the above measurements.

In the follow-up radiographs, sagittal decompensation,
proximal adjacent fracture, pseudoarthrosis, as well as
cage subsidence were documented. Sagittal decompensa-
tion was diagnosed when during the final follow-up the
SVA was =8 cm anterior to the posterior superior corner
of the sacrum [12]. Pseudoarthrosis was diagnosed when
the segmental motion was greater than 5° on the dynamic
views, the radiolucent line around the pedicle screw was
thicker than 3 mm, and/or implant failure.

3. Diagnosis of osteoporosis

The diagnosis of osteoporosis was established based on
the World Health Organization guidelines utilizing t-
scores obtained from DEXA scans of the hip and spine.
Patients without fragility fractures who had ¢-scores >-1.0
standard deviation from the reference values were con-
sidered to be normal, patients without fragility fractures
who had t-scores <-1 to >-2.5 were considered to have
osteopenia, and patients without fragility fractures who
had t-scores <-2.5 were considered to have osteoporo-

sis. Patients with fragility fractures regardless of DEXA
scan results were also diagnosed with osteoporosis, while
patients with t-scores <-2.5 and presence of fragility frac-
tures were categorized as having severe osteoporosis [13].

4. Statistical analysis

Statistical tests performed were the chi-square test, inde-
pendent and paired ¢-test, and one-way analysis of vari-
ance (ANOVA) test in SPSS ver. 20.5 (IBM Co., Somers,
NY, USA). Statistical significance was set at 0.05.

Results

A total of 40 patients were included in the analysis. There
were 37 (92.5%) female and 3 (7.5%) male patients. The
average age of the study population was 65.1+4.5 years.
The mean follow-up duration was 34.2+16.7 months.
The majority of the cases were classified as Takemitsu
type 3 curves (42.5%), followed by type 2 (27.5%), type 4
(20.0%), and type 1 (10.0%). Also, 37.5% of the patients
had osteopenia, 40.0% of the patients had osteoporosis,
and 22.5% of the patients had severe osteoporosis. Also,
27.5% of the patients underwent surgery via a posterior
approach, whereas the majority (72.5%) of patients un-
derwent an anterior-posterior surgery. When a posterior
approach was performed in addition to Smith Petersen
osteotomies, 36.4% of patients required a pedicle subtrac-
tion osteotomy or a posterior vertebral column resection.
When an anterior-posterior approach was performed,
17.2% of patients needed additional osteotomies in the
form of partial pedicle subtraction osteotomies, pedicle
subtraction osteotomies, or posterior vertebral column
resection (Fig. 1). The average number of fusion levels
was 6.9+1.7. Table 1 depicts the demographic data; classi-
fication; and preoperative, postoperative, and final follow-
up sagittal parameters in the 40 patients included in this
study.

For the following analysis, patients were stratified ac-
cording to the degree of osteoporosis. Table 2 depicts the
preoperative parameters of the study population. There
were no statistically significant differences in the demo-
graphics, curve types, as well as severity of deformities in
terms of SVA, LL, and TK. The PI was also similar among
the 3 patient groups. The BMD measurements correlated
significantly with the severity of osteoporosis.

Postoperative improvements in the sagittal and pelvic



I M Ki Tack Kim et al. Asian Spine ] 2015;9(1):65-74

Table 1. Data for study group depicting demographic data, classification, preoperative, postoperative and final follow-up sagittal parameters

Preoperative Postoperative
LL TK SVA LL TK
1 Female 63 2 600 35 202.3 11.4 -8.3 952 135 16.7 171.4 -13.9 20.1
2 Male 67 3 589 11 284.5 0.2 279 874 350 212 185.3 —27.2 26.2
3 Female 63 2 485 29 105.1 53 -1.0 928 =351 205 160.5 —35.2 35.2
4 Female 60 2 612 -21 1880 127 -29 104.7 —-36.7 20.5 128.5 —39.2 28.4
5 Female 74 4 550 27 390.4 19.0 40.6 151.7 —-20.1 32.3 267.6 -18.6 65.6
6 Female 63 1 h35 1.8 2105 —9.0 11.0 707 =387 46.2 75.6 —42.4 454
7 Female 63 3 615 17 181.2 231 -93 23.1 —45.3 16.6 38.8 —40.3 331
8 Female 66 3 545 18 294.5 259 0.8 469 406 23.0 76.7 -34.3 27.1
9 Female 62 3 629 44 269.9 344 10.3 -262 396 15.9 215.2 55 450
10 Female 58 4 633 45 342.4 26.6 48.3 699 356 494 78.9 —-38.1 65.0
1 Female 66 3 626 6.6 273.0 26.6 —6.1 16.7 -27.7 14.6 182.9 -15.4 26.9
12 Female 56 3 459 43 72.0 (585 10.5 138  —288 12.7 939 -11.8 28.7
13 Female 75 4 583 35 286.8 22.8 52.4 119.7 -31.5 38.8 250.8 -16.4 59.9
14 Female 67 3 66.1 —4.4 918 -143 8.8 492 351 22.1 74.3 -36.8 16.0
15 Female 66 3 499 -1.3 2103 05 15.7 65.7 -26.8 26.8 56.7 -2.0 6.9
16 Female 65 4 549 26 377.4 40.8 5.9 459 496 34.8 169.2 —41.8 440
17 Female 68 3 629 34 248.4 45 2.7 1380 =391 19.6 160.5 -36.1 18.0
18 Female 65 2 Y =7 174.3 8.6 8.6 720 =291 235 175.8 -19.9 31.3
19 Female 68 4 625 =30 367.8 240 26.1 435 419 28.9 129.6 -24.4 374
20  Female 73 2 698 36 156.3 =39 9.8 366 323 7.3 1188 142 15
21 Male 65 4 59.1 -15 3723 33.0 58.5 1.2 -59.4 20.1 4.7 —46.7 38.1
22 Female 71 3 638 27 239.1 3.8 1.3 56.4 328 22.3 67.5 -23.6 30.5
23 Female 65 1 504 -4 706 -12.3 5.7 39.6 —-26.1 26.7 459 =274 25.1
24 Female 72 3 635 37 258.9 =115 19.7 294 451 234 9.6 —43.0 13.9
25 Female 60 3 5.0 45 238.8 22.6 5.1 70 464 18.1 4.0 —45.7 294
26 Female 60 1 615 16 22.2 16.9 3.4 345 446 254 0.0 —44.8 31.8
27 Female 62 2 658 -15 246.6 8.9 15.6 504 346 30.8 132.9 -21.6 18.2
28 Female 63 3 579 24 330.5 26.4 5.7 00 499 26.7 0.0 —48.4 32.7
29 Female 67 4 50.7 -3.1 416.1 24.2 212 -195 —48.4 315 429 —49.5 35.1
30  Female 68 3 649 33 276.9 —9.2 3.9 423 459 19.6 318 473 21.2
31 Female 64 2 48.4 -2.7 72.9 1.2 21.2 -20.7 —495 33.2 4.2 -58.8 60.7
32 Female 65 4 674 28 324.3 5.2 211 462 399 37.3 74.3 —42.6 37.7
33 Female 67 1 N3 =31 155.4 289 3.0 390 612 19.6 14.6 —62.3 339
34 Male 54 2 585 14 233.1 9.7 52 48 511 29.3 31.0 —46.1 30.6
35 Female 68 3 614 28 302.4 0.2 50.2 80.7 -51.1 36.6 339 —44.2 344
36 Female 66 2 546 34 336.6 11.8 12 90 509 15.8 25.0 —47.3 224
37 Female 66 3 548 24 215.4 3.0 1.5 282 419 36.5 92.7 -36.7 38.8
38 Female 66 2 464 38 226.5 -98 0.7 405 448 1.5 56.7 -38.4 21.0
39 Female 67 3 548 -16 257.7 9.3 15.0 369 579 31.4 34.8 -b55 36.6
40 Female 60 2 575 14 156.0 1.6 5.8 -186  —60.6 16.7 46.1 —57.2 8E1Y

TA, Takemitsu classification; PI, pelvic incidence; BMD, bone mineral density; SVA, sagittal vertical axis measured in mms; LL, lumbar lordosis; TK,
thoracic kyphosis; Final, at final follow-up.
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71-year-old lady LDK, 26 months follow-up
Pre SVA: 207.6 mm, Pre LL: 10.7 degrees
Post SVA: 28.8 mm Post LL: 55.4 degrees
Final SVA: 67.3 mm Final LL: 50.4 degrees
PI: 63.5 degrees

Fig. 1. Case example of 71-year-old lady with osteoporosis who underwent posterior spinal fusion from T10 to ilium, ALIF at L4-5,
L5-S1, and partial pedicle subtraction at L3. ALIF, anterior lumbar interbody fusion; LDK, lumbar degenerative kyphosis; SVA, sagit-
tal vertical axis; LL, lumbar lordosis.

Table 2. Preoperative parameters of patients stratified to osteoporaosis classification

Parameter Osteopenia Osteoporosis Severe osteoporosis p-value
No. of patients 15 16 9 >0.05
Age (yr) 63.1£3.5 66.0+5.2 66.8+3.6 >0.05
Gender >0.05

Male 3 0 0

Female 12 16 9
Takemitsu clssificaton >0.05

I 2 0 2

Il 5 5 1

Il 7 6 4

\Y 1 5 2
BMD -1.7+0.4 —-3.4+0.6 -3.9+1.1 0.000
Pelvic incidence (°) 57.9+4.0 58.6+7.4 59.3+7.9 >0.05
Pre-SVA (mm) 225.1+82.4 263.6+95.4 209.4+118.6 >0.05
Pre-LL (°) 8.9+13.9 10.1£14.0 13.5¢18.0 >0.05
Pre-TK () 11.5+15.7 17.7¢20.4 14.7£18.0 >0.05
Pre-PT (%) 35.4+11.6 41.9+8.4 41.1+8.1 >0.05
Pre-SS (°) 22.1£10.4 16.6+10.4 18.5+8.6 >0.05

BMD, bone mineral density; SVA, sagittal vertical axis; LL, lumbar lordosis; TK, thoracic kyphosis; PT, pelvic tilt; SS, sacral slope.

parameters were significant as shown in Table 3. The mm to a postoperative value of 45.3+41.8 mm (p=0.000,
SVA improved from a preoperative value of 237.0+96.7 paired t-test). The LL also improved significantly from
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Table 3. Comparison between preoperative, immediate postoperative and final follow-up sagittal parameters

Parameter Preoperative Postoperative Final
SVA (mm) 237.0+¢96.7 45.3+41.8 89.8+72.2
LL(°) 10.5¢14.7 —40.6+10.9 —34.7+15.8
TK() 14.7+18.0 251493 32.3x13.9
PT() 39.0+9.9 28.7+10.17 32.8+9.1°
SS(°) 19.3+10.2 29.8+7.4 25.9+8.3
SVA, sagittal vertical axis; LL, lumbar lordosis; TK, thoracic kyphosis; PT, pelvic tilt; SS, sacral slope.
All p-values = 0.000 except pairing denote with °jp=0.001
Table 4. Postoperative sagittal parameters and radiographic outcome stratified to osteoporosis classification
Parameter Osteopenia Osteoporosis Severe osteoporosis p-value
No. of fusion levels 7.1+1.8 6.6+1.9 7.3+1.1 0.521
Post-SVA (mm) 40.9+34.9 53.8+37.4 37.3+59.3 0.574
Post-LL (°) —43.4+10.6 -38.4+10.9 —-39.8+11.5 0.425
Post TK (°) 26.3+7.8 24.2411.4 24.7+8.3 0.819
Post-PT (°) 25.3+7.8 30.248.1 31.7149 0.238
Post-SS (°) 31.746.1 27.946.2 29.6+10.5 0.387
PiDiff 14.5£11.2 20.2+13.1 19.5+12.7 0.403
Final-SVA (mm) 74.4+58.1 92.8+72.9 110.1£92.8 0.503
Final LL (°) —37.5+£14.7 -33.1£13.1 -33.0£22.1 0.706
Final TK (°) 30.6+9.1 32.1£16.5 35.6+16.6 0.703
Final PT (°) 33.0+2.4 33.049.3 34.611.3 0.906
Final SS (°) 26.2+8.5 24.6+7.5 26.7£9.9 0.803
Complications
Proximal adjacent fractures 3(20.0) 1(6.3) 3(33.3) 0.220
Pseudoarthrosis 2(13.3) 1(6.3) 3(33.3) 0.190
Sagittal decompensation 5(33.3) 7(43.8) 4(44.4) 0.800
Subsidence 1(6.7) 5(31.2) 2(22.2) 0.220

Values are presented as meanzstandard deviation or number (%).

SVA, sagittal vertical axis; LL, lumbar lordosis; TK, thoracic kyphosis; PT, pelvic tilt; SS, sacral slope.

10.5°£14.7° to -40.6°+10.9° immediately after the opera-
tion (p=0.000, paired t-test). However, at the final follow-
up, there was a statistically significant deterioration in
these values. The SVA deteriorated to 89.8+72.2 mm
and the LL to 34.7°+15.8° (p=0.000, paired ¢-test). These
values were still significantly better then the preopera-
tive values. When stratified according to the severity of
osteoporosis, the association between osteoporosis and
the amount of correction achieved or the deterioration
at the final follow-up was not significant. The amount of
correction obtained in the groups of patients with osteo-
penia, osteoporosis, and severe osteoporosis in terms of

SVA and LL during the immediate postoperative period
was 40.9+34.9 mm, 53.8+37.4 mm, and 37.3+59.3 mm
for SVA, respectively (p=0.574, one way ANOVA), and
-43.4°+10.6°, -38.4°+10.9°, and -39.8°+11.5° for LL, re-
spectively (p=0.425, one way ANOVA) (Table 4).

1. Analysis of adverse outcomes
Four adverse radiological outcomes were analysed; proxi-

mal adjacent fractures, sagittal decompensation, pseudo-
arthrosis, and cage subsidence.
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1) Proximal adjacent fractures

This adverse outcome occurred in 7 cases (17.5%). Three
cases were observed in the osteopenia group, one case in
the osteoporosis group, and 3 cases in the severe osteo-
porosis group. Three cases underwent fusion to L1, while
the upper instrumented fusion level for the remaining 4
cases was at L2, T10, T11, and T12. Minor trauma could
be elicited from the history in 2 cases. The amount of
correction also did not seem to have an influence on this
phenomenon as the PIDiff was 16.3°+12.2° in the group
of patients who had proximal adjacent fractures com-
pared with 18.2°£12.5° in the group of patients who did
not have proximal adjacent fractures (p=0.718, indepen-
dent sample t-test). There was no statistically significant
difference between the BMD in the group of patients with
adjacent fractures (-2.8+1.1) and that in the group of pa-
tients without adjacent fractures (-2.8+1.2), with p-value
being 0.898 (independent sample t-test). Two patients
underwent revision with extension of the rod to a more
proximal level. Pre SVA, pre LL, pre TK, pre PT, pre SS,
as well as the PI in patients did not significantly influence
the occurrence of proximal adjacent fractures.

2) Sagittal decompensation

This was the most common adverse outcome as it oc-
curred in 40.0% of cases (16 patients). The SVA at the
final follow-up in patients with sagittal decompensation
was 164.7+50.0 mm compared to 39.9426.6 mm in the
patients without sagittal decompensation (p=0.000, in-
dependent sample t-test). Of the 16 cases, 2 cases could
be attributed to proximal adjacent fractures, 4 cases to

35.0 4

30.0

25.0

20.0 4

PIDiff

15.0 4

10.0 4

5.0 1

T
Yes No
Sagittal decompensation

Fig. 2. Comparison between PIDiff in patients with and without sagit-
tal decompensation. PIDiff, the difference between immediate post-
correction lumbar lordosis and the pelvic incidence.

pseudoarthrosis of the fusion segment, while one case
developed a proximal adjacent fracture with concomitant
pseudoarthrosis of the fusion segment. As shown in Table
4, this complication occurred in 5 patients with osteope-
nia, in 7 patients with osteoporosis, and in 4 patients with
severe osteoporosis. This difference was not statistically
significant and the p-value was 0.800 (chi-square test).
However, the amount of correction represented by PIDiff
(p=0.001, independent sample t-test) as well as the im-
mediate postoperative LL (p=0.000, independent sample
t-test) had a significant association with sagittal decom-
pensation (Fig. 2). The other parameters such as pre SVA,
pre LL, pre TK, pre PT, pre SS, as well as the PI in patients
did not influence the occurrence of this complication.

3) Pseudoarthrosis

Pseudoarthrosis occurred in 15.0% of cases. It occurred
in 2 patients with osteopenia, in 1 patient with osteo-
porosis, and in 3 patients with severe osteoporosis. The
PIDiff was significantly different (Fig. 3) between patients
who developed pseudoarthrosis (26.7°+5.3°) and patients
who did not develop pseudoarthrosis (16.3°£12.5°) and
the p-value was 0.003 (independent sample t-test). The
preoperative sagittal parameters in patients did not sig-
nificantly affect the incidence of pseudoarthrosis.

4) Cage subsidence

This adverse outcome occurred in 20.0% of cases (8 pa-
tients). Cage subsidence did not appear to have a signifi-
cant association with sagittal decompensation (p=0.450,
two-tailed Fisher’s exact test) or pseudoarthrosis (p=0.732,

35.0

30.0

25.0 1

PIDiff

20.0

15.0 4

10.0 4

Yes No
Pseudoarthrosis

Fig. 3. Comparison between PIDiff in patients with and without pseu-
doarthrosis. PIDiff, the difference between immediate post-correction
lumbar lordosis and the pelvic incidence.
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two-tailed Fisher’s exact test). One patient with osteope-
nia, 5 patients with osteoporosis, and 2 patients with se-
vere osteoporosis developed cage subsidence. The average
BMD in the group with cage subsidence was -3.5+0.7,
while the group without cage subsidence had a mean
BMD of -2.7£1.2. This difference reached statistical sig-
nificance with a p-value of 0.08 (independent sample ¢-
test).

Discussion

In 1988, Takemitsu et al. [5] described LDK as a specific
disease entity characterized by forward stooping due to
progressive loss of LL. In his detailed description of this
disease entity, there was a mention of various factors that
lead to progressive loss of LL, which included decreased
disc height, vertebral body collapse secondary to osteo-
porosis, and weakness of the extensor muscles of the
back. The contribution of weak extensor muscles to this
disease is reflected by the dynamic nature and fatigability,
which patients with this disease demonstrate. Since then
other authors have described morphological changes in
the erector spinae muscles which is a persistent feature of
this disease [14,15].

The surgical outcome for patients with LDK undergo-
ing deformity correction has been modest. In a retrospec-
tive study of 26 patients who underwent corrective sur-
gery, 5 patients had persistent stooping (19%) [16]. Kim
et al. [17] reported the outcome of corrective osteotomy
for LDK and only 64% of patients had a good outcome in
terms of pain and cosmesis. Sagittal decompensation af-
ter corrective osteotomy for LDK was introduced by Lee
et al. [18]. The average amount of sagittal decompensa-
tion was 38.3%, and in his series sagittal decompensation
was classified into thoracic and lumbar decompensation.
Sagittal decompensation due to thoracic decompensation
resulted in higher degree of imbalance [18]. The ability
of the patient to compensate for the imbalance preop-
eratively was also reported to affect the outcome [19]. To
date, there have been no studies assessing the influence of
bone mineral density on the outcome following correc-
tive surgery for LDK.

As the majority of patients with LDK are elderly, the
prevalence of osteoporosis could be high. Chin et al. [6]
studied 1,321 patients who underwent decompression
and fusion of the spine and were evaluated with DEXA
scan preoperatively, and they reported that among males
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more than 50 years of age, 46.1% were osteopenic while
14.5% were osteoporotic. The prevalence of poor bone
quality was even higher among women who were more
than 50 years of age, with 41.4% of the patients having
osteopenia and 51.3% having osteoporosis [6]. These re-
sults are consistent with the results of the current study
wherein 37.5% of subjects had osteopenia, 40.0% of sub-
jects had osteoporosis, and 22.5% of subjects had severe
osteoporosis.

Poor bone quality has direct influence on the pullout
strength of pedicle screws. Zdeblick et al. [20] found that
insertional torque of pedicle screws correlated with the
bone mineral density and an insertional torque of less
than 4 inch-pounds led to early pullout. Similar find-
ings have been reported in various in vitro investigatons
[8,9,11]. In clinical studies, Lee et al. [10] prospectively
studied 181 patients undergoing spinal instrumentation
and reported a positive correlation between intraopera-
tive insertional torque of pedicle screws and the t values
of BMD at the instrumented level. DeWald and Stanley [7]
reported on the instrumentation-related complications of
multilevel fusions for adult spinal deformity in patients
over 65 years of age with poor bone quality; and in their
series of 38 patients, 13% had early instrumentation com-
plications which included pedicle fractures and compres-
sion fractures while 32% had late progressive kyphosis.
This complication was not preventable with instrumenta-
tion, according to the authors. Extension of fusion up to
a more balanced vertebral level also did not overcome the
problem. However, in this article there was no mention of
the BMD in their study population [7].

The results of the current study revealed some interest-
ing findings. Although the combination of a kyphotic
lumbar spine with poor bone mineral density does not
favour spinal instrumentation, the results of this study
showed that low bone mineral density was not a signifi-
cant factor for the amount of immediate correction, late
decompensation, pseudoarthrosis, or proximal adjacent
fractures. However, low bone mineral density could pos-
sibly lead to a higher incidence of cage subsidence, al-
though this did not affect the overall outcome. This study
also showed the importance of PI in determining the
amount of correction needed in LDK. In previous stud-
ies, PI has been shown to be a key factor for maintaining
spinopelvic harmony after correction of sagittal malalign-
ment [21,22]. This parameter provides a reference for the
amount of LL that needs to be restored so that sagittal
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balance can be maintained with minimal muscle activa-
tion and energy expenditure [23-25].

In LDK, the principal issue has been shown to be weak-
ness of the extensor muscles of the lumbar spine. There-
fore for maintenance of the sagittal balance, the LL should
be restored as close as possible to the patient’s pre-disease
values. Our study confirmed that there was a significant
association between PIDiff and sagittal decompensation
postoperatively. The association between PIDift and pseu-
doarthrosis was also significant. In patients with poor
bone quality such as those in our study, several principles
need to be followed to achieve adequate correction and
to maintain the correction. The pedicle screws should
not be used as a tool for achieving deformity correction
as the purchase is compromised in the setting of poor
bone quality. Adequate posterior release to increase the
flexibility of the deformity coupled with anterior column
support is the main method to achieve correction of the
deformity. In cases wherein the deformity is more rigid,
spinal osteotomies should be performed. Making the er-
ror of performing excessive rod contouring and compres-
sion of the pedicle screw construct in a stiff spine to cre-
ate lordosis without adequate release will only lead to loss
of purchase and loosening of the screws.

However, in this study we could not elucidate the fac-
tors that contributed to the development of proximal ad-
jacent fractures, as the sample size for the analysis of this
event was too small. We could not confirm that osteopo-
rosis played a significant role in proximal adjacent frac-
tures as 3 cases (42.9%) were observed in the group with
osteopenia, 1 (14.3%) case was observed in the group
with osteoporosis, and 42.9% of cases were observed in
the group with severe osteoporosis. Results of the analysis
of bone mineral density between patients with adjacent
fractures and those without adjacent fractures were also
not significantly different. This was in contrast with the
findings of O’Leary et al. [26], and they found that the
bone mineral density was lower in the group of patients
who experienced failure at the top of long pedicle screw
constructs.

The limitations of this study must be considered while
interpreting the results. In this group of patients, none of
the patients who underwent surgical correction for LDK
had normal BMD values. Therefore, we did not have a
‘true’ control group to analyse the effect of osteoporosis
on the outcome of surgical correction. Since this was a
retrospective study, there could be a selection bias in the

recruitment of patients. As this study was performed
mainly to evaluate the effects of osteoporosis on surgi-
cal correction, our outcome measures were mainly ra-
diological measurements as these data would reflect the
feasibility and adequacy of correction in the presence
of osteoporosis. However, incorporation of clinical data
would make the interpretation of results more clinically
relevant. The small sample size especially when stratified
according to the degree of osteoporosis or the occurrence
of adverse events may affect the strength of the statistical
association. A longer follow-up might also help to under-
stand more about the factors that affect the final outcome.

Conclusions

Osteoporosis in patients with LDK did not preclude good
immediate correction of sagittal balance and it also did not
have a significant association with late sagittal decompen-
sation, pseudoarthrosis, or proximal adjacent fractures.
The difference between immediate postoperative LL and
PI was found to have a significant association with sagittal
decompensation and occurrence of pseudoarthrosis.
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