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Study Design: Retrospective cohort study.

Purpose: To assess bone mineral density (BMD) and bone metabolism >27 years after surgery in female patients who underwent spi-
nal fusion for adolescent idiopathic scoliosis (AIS) during adolescence and to determine their associations with physical performance.
Overview of Literature: There are no studies investigating postsurgical BMD in middle-aged AlIS patients.

Methods: This study included 23 patients who provided informed consent among 229 female patients with AIS who underwent spi-
nal fusion from 1968 until 1988. Average age at the time of observation was 48.8 years. BMD was measured at the left femoral neck,
and the levels of two bone metabolism markers—procollagen type 1 N-terminal propeptide (P1NP) and tartrate-resistant acid phospha-
tase 5b (TRACP-5b)-were measured from blood samples. Physical performance was measured using grip strength, sit-ups, sit-and-
reach, side step, and standing long jump.

Results: Mean BMD was 0.784 g/cm”. According to the World Health Organization diagnostic criteria, one subject (4.3%) had osteo-
porosis, whereas nine subjects (39.1%) had osteopenia. In patients with osteoporosis or osteopenia, PINP and TRACP-5b levels were
high, and BMD loss was because of high metabolic turnover. All calculated standard scores for physical performance were lower in
the study cohort than in healthy individuals. There was a positive correlation between BMD and the standard score for grip strength,
whereas there were weak positive correlations between BMD and the standard scores for side step and standing long jump.
Conclusions: In female AIS patients who underwent spinal fusion in adolescence, 4.3% and 39.1% had osteoporosis and osteope-
nia, respectively, =27 years after surgery. Exercise performance of these patients was poor compared with the national standards. In
these patients, increased physical activity should be encouraged to prevent BMD loss in middle age.
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Introduction

As patients with adolescent idiopathic scoliosis (AIS)
undergo surgery in their teens, one important concern
remains whether long-term health can be sustained. Thus
far, several studies examined health-related quality of life
as well as other health-related issues such as lower back
pain and respiratory function [1-4]. However, to date,
there are no reports examining postsurgical bone mineral
density (BMD) in AIS patients.

Osteoporosis that begins in middle age is a major
concern in the elderly. Especially in females, several fac-
tors, including aging, declining estrogen levels, low body
weight and body mass index, family history of osteoporo-
sis, and smoking, are known risk factors for low BMD [5].
Furthermore, several reports demonstrated that BMD was
associated with physical performance and activity [6,7].

The aims of this study were to assess BMD and bone
metabolism >27 years after surgery in female patients
who underwent spinal fusion for AIS during adolescence
and to determine their associations with physical perfor-
mance.

Materials and Methods

The institutional review board approved the present study.
Initial study cohort included 229 female patients with
AIS who underwent spinal fusion from 1968 to 1988. The
inclusion criteria were (1) AIS, (2) female patients who
underwent spinal fusion, (3) age <20 years at the time
of surgery, and (4) a minimum postsurgical period of 27
years. The exclusion criteria were (1) neuromuscular dis-
ease, (2) syndromic scoliosis, and (3) congenital scoliosis.
A survey was conducted in these 229 subjects by postal
mail, and patients who provided informed consent under-
went evaluation. As a result, 119 patients with unknown
addresses, 58 patients who failed to respond to the survey,
22 patients who refused evaluation, and seven patients
who died were excluded. Therefore, 23 subjects who gave
informed consent were included in the final analysis.
Average age at the time of surgery was 14.4 years (range,
11-19 years), average age at the time of observation was
48.8 years (range, 40-60 years), and the average time be-
tween the surgery and the observation period was 34.4
years (range, 27-44 years).

BMD was measured at the left femoral neck, and bone
metabolism markers were measured from blood samples.

Briefly, BMD was measured using dual-energy X-ray
absorptiometry (DPX Bravo, GE Healthcare Japan, Hino
City, Japan). Z scores were calculated from mean and
standard deviation values for females of the same age, and
T scores were calculated from mean and standard devia-
tion values of young females. According to the T score-
based World Health Organization (WHO) diagnostic cri-
teria, the diagnostic categories were normal (T score, —1.0
or above), osteopenia (T score between —1.0 and —-2.5),
and osteoporosis (T score, —2.5 or below). Serum procol-
lagen type 1 N-terminal propeptide (P1NP) level was used
as a marker of bone formation (normal value, 17.1-64.7
ug/L), and serum tartrate-resistant acid phosphatase 5b
(TRACP-5b) level was used as a marker of bone resorp-
tion (normal value, 120—-420 mU/dL).

Physical performance was measured at our institution
using the new physical fitness test issued by the Japanese
Ministry of Education, Culture, Sports, Science, and Tech-
nology [8]. Measurements in five categories that could be
tested at the rehabilitation room of the hospital were col-
lected: grip strength, sit-ups, sit-and-reach, side step, and
standing long jump. Right and left grip strengths, which
reflect muscular strength, were evaluated using a Smedley
grip strength tester; the better of two scores was recorded
for each hand. Sit-ups, which reflect muscular endurance,
were measured by instructing the subject perform sit-
ups for 30 seconds; the number of sit-ups was recorded.
Sit-and-reach, which reflects flexibility, was evaluated by
instructing the subject to assume a sitting posture with
her back against a wall and push against a 24-cm high
measuring device with the fleshy parts of the thumbs; the
better of two scores for displaced distance of the measur-
ing device was recorded. Side step, which reflects agility,
was measured by instructing the subject to step sideways
over three parallel lines placed 1 m apart and counting the
number of times the lines were straddled; the better of two
scores was recorded. Standing long jump, which reflects
jumping strength, was measured by instructing the subject
to align both feet and jump forward; the jumped distance
was measured, and the better of two scores was recorded.
Standard scores for each recorded item were calculated
from age-specific and sex-specific means and standard
deviations and compared with the 2014 standard scores
for the same decade of age and sex, published by the Min-
istry for Healthy Individuals. Physical performance scores
for healthy females aged 40-44 years are 29.12+4.58 kg
for grip strength, 16.69+4.71 for sit-ups, 42.36+9.13 cm
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for sit-and-reach, 41.59+5.57 times for side step, and
154.60+20.52 cm for standing long jump. Physical per-
formance scores for healthy females aged 45-49 years are
29.21+4.68 kg for grip strength, 16.13+4.86 for sit-ups,
42.54+8.28 cm for sit-and-reach, 41.25+5.49 times for side
step, and 151.72£20.69 cm for standing long jump. Physi-
cal performance scores for healthy females aged 50-54
years are 28.04+4.42 kg for grip strength, 14.85+5.58 for
sit-ups, 42.54+8.40 cm for sit-and-reach, 39.97+5.72 times
for side step, and 145.50+21.65 cm for standing long jump.
Physical performance scores for healthy females aged 55-
59 years are 27.51+4.18 kg for grip strength, 13.43+5.67
for sit-ups, 42.57+7.74 cm for sit-and-reach, 38.50+5.70
times for side step, and 139.51+20.55 cm for standing long
jump. Physical performance scores for healthy females
aged 60-64 years are 26.01+4.13 kg for grip strength,
11.10£6.14 for sit-ups, 41.41+8.35 cm for sit-and-reach,
35.15+6.23 times for side step, and 128.61+20.64 cm for
standing long jump. Specifically, the following formula
was used to determine the physical performance scores of
patients in the current study: standard score=50+10 (indi-
vidual value—mean value)/standard deviation.

For statistical analyses, SPSS ver. 22.0 (IBM Corp.,
Armonk, NY, USA) was used. According to the T score-
based WHO diagnostic criteria, subjects were classified
into two groups according to BMD: group L with osteo-
penia or osteoporosis and group N for subjects with no
osteopenia or osteoporosis. For comparisons between the
two groups, the Mann-Whitney U or chi-square test was
used. The level of significance was set at 0.05.
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Results

Mean BMD of the left femoral neck was 0.784+0.11 g/cm’
(range, 0.58-0.98 g/cm®). Mean Z score was —0.15+0.96
(range, —1.89 to 1.9), and mean T score was —0.94+0.92
(range, —2.6 to 0.7). One subject (4.3%) had osteoporosis,
and nine subjects (39.1%) had osteopenia; there were 13
subjects (56.5%) without osteoporosis and osteopenia.
Evaluation of bone metabolism markers revealed that
average PINP level, indicative of bone formation, was
55.5+24.7 ug/L (range, 15.3-115 pg/L) and that aver-
age TRACP-5b level, indicative of bone resorption, was
339.4+133.1 mU/dL (range, 114-597 mU/dL). In the cur-
rent study cohort, only one subject with osteoporosis had
a high TRACP-5b level.

In the current study, physical performance scores were
as follows: 23.9+4.3 kg for grip strength, 8.0+6.4 for sit-
ups, 34.7+£11.6 cm for sit-and-reach, 30.9+6.2 times for
side step, and 90.8+30.4 cm for standing long jump. The
calculated standard scores for physical performance were
as follows: 40.4 (range, 21.8-58.4) for grip strength, 36.1
(range, 17.9-59.2) for sit-ups, 41.1 (range, 16.2-62.4) for
sit-and-reach, 33.3 (range, 17.0-53.5) for side step, and
25.1 (range, 12.9-53.4) for standing long jump; all were
lower than those reported in healthy individuals.

Ten subjects with osteopenia or osteoporosis accord-
ing to the T score-based WHO diagnostic criteria (group
L) were compared with 13 normal subjects (group N).
There were no significant differences in age at the time
of surgery, age at the time of observation, time between
the surgery and the observation, body mass index, sco-
liosis angle of the main curve, number of fused vertebrae,
and number of unfused lumbar vertebrae between the

Table 1. Comparison between the subjects with osteopenia or osteoporosis (group L) and the normal subjects (group N)

Demographic characteristic

Age at the time of surgery (yr)

Age at the follow-up (yr)

Follow-up period (yr)

Body mass index (kg/m?)

Percentages of postmenopausal patients (%)
Cobb angle at follow-up (°)

No. of fused segments

No. of non-fused lumbar segments

14.8+2.4 14.1+1.9 0.832
50.15.0 47.8+5.6 0.284
35.146.3 33.8+4.9 0.738
20.3£1.9 22.4+46 0.284
60 38.5 0.305
44.2421.5 48.3£16.1 0.563
9.3+2.9 10.8+2.2 0.115
3.5+1.3 3.2+1.1 0.684

Values are presented as mean+standard deviation.
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two groups. The percentage of postmenopausal patients
was higher in group L than in group N, which was not
statistically significant (Table 1). The PINP levels were
significantly higher in group L than in group N (67.9 pg/
L vs. 45.9 pg/L, p=0.049). Conversely, while the TRACP-
5b levels were also higher in group L than in group N, this
was not statistically significant (385.4 mU/dL vs. 304.1
mU/dL, p=0.077) (Table 2). Increased levels of PINP and
TRACP-5b in group L, thus, indicated that BMD loss was
because of high metabolic turnover.

The standard score for grip strength was lower in group
L than in group N; however, this difference did not reach
statistical significance. No significant difference between
the two groups was found with comparison of other stan-
dard scores for exercise performance included in the cur-
rent study (Table 3).

Pearson correlation coefficient utilized to determine
correlations between BMD and various parameters such
as background patient characteristics, test results, and
physical performance. There were no correlations between
BMD and age at the time of surgery, age at the time of ob-
servation, time between the surgery and the observation,
scoliosis angle of the main curve, and number of unfused
lumbar vertebrae; however, there were weak positive cor-
relations between BMD and body mass index (r=0.386)
and number of fused vertebrae (r=0.238). There was a

Table 2. Bone mineral density and bone metabolism makers
Variable

Bone mineral density (g/cm?)
PINP (pg/L)
TRACP-5b (mU/dL)

Group L

0.68+0.06

67.9+30.9
385.4+127.5

positive correlation between BMD and the standard score
for grip strength (r=0.440) as well as weak positive corre-
lations between BMD and the standard scores for side step
(r=0.236) and standing long jump (r=0.262). We found no
correlations between BMD and the standard scores for sit-
ups and sit-and-reach (Fig. 1).

Discussion

Studies indicate that osteopenia occurs in 27%-65% AIS
patients [9-16]. Ishida et al. [14] studied the relationship
between BMD and bone metabolism markers in AIS
patients and reported that osteopenia or osteoporosis oc-
curred in 65% patients. They also found that there was a
correlation between TRACP-5b levels and BMD. A study
by Hung et al. [15] also indicated that osteopenia was a risk
factor for the progression of scoliosis. Notwithstanding
these findings indicating decreased BMD in adolescence,
there are no reports on BMD in patients with AIS who
underwent surgery for scoliosis. In addition, the extent of
osteopenia and osteoporosis after a long period following
spinal fusion in middle-aged AIS patients is not known. In
the current study, we found that the middle-aged patients
who underwent spinal fusion in adolescence had an aver-
age Z score of —0.15. We further determined that osteo-
porosis and osteopenia were present in 4.3% and 39.1%

Group N p-value

0.86+0.06 <0.001°

45.9+208 0.049”
304.1£131.0 0.077

Values are presented as mean+SD.

group L, osteopenia or osteoporosis; group N, normal subjects; PINP, N-terminal propeptide of type | procollagen; TRACP-5b, tartrate-resistant acid

phopshatate 5b.
“Significant difference between groups.

Table 3. Standard score of new physical fitness test

Standard score Group L
Grip strength 35.849.7
Sit-ups 35.7+12.6
Sit and reach 4174154
Side step 31.2+10.4
Standing long jump 219489

Group N p-value
43.9+9.0 0.131
36.3£11.4 0.927
40.7+12.4 0.693
34.9+10.3 0.446
27.3+10.8 0.186

group L, osteopenia or osteoporosis; group N, normal subjects.
Values are presented as mean+standard deviation.
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Fig. 1. Correlations between bone mineral density and physical perfor-
mance. There was a positive correlation between bone mineral density
and the standard score for grip strength (A). There were weak positive
correlations between bone mineral density and the standard scores for
side step (D) and standing long jump (E). There were no correlations
between bone mineral density and the standard scores for sit-ups or
sit-and-reach (B, C).
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patients, respectively. The frequency of osteoporosis in
these patients was similar to that of Japanese females (2.9%
between the ages of 40 and 49 years and 4.8% between the
ages of 50-59 years), as reported by Yoshimura et al. [17].
Majority of the surgeons recommend that patients
can resume sports 6 months to 1 year after spinal fusion
surgery for AIS [18]. Therefore, sports activities are typi-
cally suspended after surgery in AIS patients. Fabricant et
al. [19] reported that 5.5 years after surgery, the physical
activity level of these patients was 40.5% lower than their
presurgical level. Hirano et al. [20] also reported that the
return to physical education classes after surgery was slow,
with an average of 11 months, and that only 20% patients
after surgery were engaged in sports at the same level as
before surgery. Furthermore, Katougi et al. [21] indicated
that the level of physical performance in postoperative
AIS patients did not reach to the level observed in healthy
individuals. Overall, these findings suggest that suspen-
sion of sports activities after scoliosis surgery might hin-
der the return to sports activities and negatively impact
physical performance of AIS patients after surgery.
Physical performance and physical activity are widely
acknowledged as contributors to increasing BMD. Fried-
lander et al. [7] reported that aerobics and weight training
were effective in increasing BMD in young females. More-
over, in an observational study of young females starting
in adolescence and encompassing 15 years, weight bear-
ing activity was shown to be important for increasing
BMD [6]. Furthermore, there is a confirmed relationship
between physical performance, particularly grip strength,
and BMD [22,23]. A decrease in grip strength is a marker
of low BMD and a risk factor for increased vertebral frac-
tures [23]. In the current study, we found a positive cor-
relation between grip strength and BMD, in agreement
with previous studies. Therefore, our findings implicate
physical activity as an important approach in preventing
osteoporosis in AIS patients and suggest that physical ac-
tivity should be encouraged in postoperative AIS patients.
The present study has several limitations. As this was
an observational study of patients after an exceptionally
long time after surgery, the follow-up rate of 10% was low.
Because of the considerably long follow-up period of the
study, it was not possible to include more patients in the
current study. Additionally, some of the findings in the
current study were conflicting. Despite the positive cor-
relation observed between BMD and the standard score
for grip strength, there was no statistical significance in

the grip strength between the two groups; this conflict
may arise from the small sample sizes used for compari-
son as group L and N had 10 and 13 subjects, respectively.
As a follow-up to the current study, we will contact those
patients who did not reply to the study survey as well as
those who declined to participate. As BMD measurements
were not performed at the time of surgery, we could not
ascertain whether low BMD was present before surgery.
Finally, information on the type of guidance given to the
patients concerning physical activity and the length of
time for exercise prohibition after surgery were not clear.

Conclusions

In this retrospective study of female AIS patients who
underwent spinal fusion in adolescence, we found that
osteoporosis and osteopenia were present in 4.3% and
39.1% patients, respectively, after >27 years after surgery.
The rate of osteoporosis in these patients was similar to
that in Japanese females. Among patients with bone loss,
PINP and TRACP-5b levels were high in those whose T
scores for BMD were less than —1.0 standard deviations,
indicating that BMD loss was because of high metabolic
turnover. BMD exhibited a positive correlation with the
standard scores for grip strength, side step, and stand-
ing long jump, and the exercise performance was worse
in those with low BMD. The exercise performance of the
patients with AIS who underwent spinal fusion surgery
was worse than the national standards. All together, these
findings indicate that an increase in physical activity
should be encouraged to prevent BMD loss in middle-
aged patients with AIS.

Conflict of Interest

No potential conflict of interest relevant to this article was
reported.

Acknowledgments

The authors thank Mr. Hideo Ishikawa, Mr. Mitoshi
Ishino, Ms. Mika Fujiwara, and Ms. Mayumi Ishii at Seirei
Sakura Citizen Hospital for assistance on data collection.

References

1. Akazawa T, Minami S, Kotani T, Nemoto T, Koshi T,



I 7£J8 Tsutomu Akazawa et al.

10.

11.

Takahashi K. Long-term clinical outcomes of surgery
for adolescent idiopathic scoliosis 21 to 41 years later.
Spine (Phila Pa 1976) 2012;37:402-5.

. Danielsson AJ, Wiklund I, Pehrsson K, Nachemson

AL. Health-related quality of life in patients with
adolescent idiopathic scoliosis: a matched follow-up
at least 20 years after treatment with brace or surgery.
Eur Spine ] 2001;10:278-88.

. Danielsson AJ, Cederlund CG, Ekholm S, Nachem-

son AL. The prevalence of disc aging and back pain
after fusion extending into the lower lumbar spine:
a matched MR study twenty-five years after sur-
gery for adolescent idiopathic scoliosis. Acta Radiol
2001;42:187-97.

. Gitelman Y, Lenke LG, Bridwell KH, Auerbach JD,

Sides BA. Pulmonary function in adolescent idio-
pathic scoliosis relative to the surgical procedure:
a 10-year follow-up analysis. Spine (Phila Pa 1976)
2011;36:1665-72.

. NIH Consensus Development Panel on Osteopo-

rosis Prevention, Diagnosis, and Therapy. Osteo-
porosis prevention, diagnosis, and therapy. JAMA
2001;285:785-95.

. Welten DC, Kemper HC, Post GB, et al. Weight-

bearing activity during youth is a more important
factor for peak bone mass than calcium intake. ]
Bone Miner Res 1994;9:1089-96.

. Friedlander AL, Genant HK, Sadowsky S, Byl NN,

Gluer CC. A two-year program of aerobics and
weight training enhances bone mineral density of
young women. ] Bone Miner Res 1995;10:574-85.

. Japanese Ministry of Education, Culture, Sports,

Science and Technology. New physical fitness test
[Internet]. Tokyo: Japanese Ministry of Education,
Culture, Sports, Science and Technology; 2010 [cited
2010 Jul 30]. Available from: http://www.mext.go.jp/
component/a_menu/sports/detail/__icsFiles/afield-
file/2010/07/30/1295079_03.pdf.

. Burner WL 3rd, Badger VM, Sherman FC. Osteopo-

rosis and acquired back deformities. ] Pediatr Orthop
1982;2:383-5.

Cook SD, Harding AF, Morgan EL, et al. Trabecular
bone mineral density in idiopathic scoliosis. ] Pediatr
Orthop 1987;7:168-74.

Thomas KA, Cook SD, Skalley TC, et al. Lumbar
spine and femoral neck bone mineral density in idio-

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

Asian Spine ] 2017;11(5):780-786

pathic scoliosis: a follow-up study. ] Pediatr Orthop
1992;12:235-40.

Cheng JC, Guo X. Osteopenia in adolescent id-
iopathic scoliosis: a primary problem or second-
ary to the spinal deformity? Spine (Phila Pa 1976)
1997;22:1716-21.

Cheng JC, Guo X, Sher AH. Persistent osteopenia in
adolescent idiopathic scoliosis: a longitudinal follow
up study. Spine (Phila Pa 1976) 1999;24:1218-22.
Ishida K, Aota Y, Mitsugi N, et al. Relationship be-
tween bone density and bone metabolism in adoles-
cent idiopathic scoliosis. Scoliosis 2015;10:9.

Hung VW, Qin L, Cheung CS, et al. Osteopenia: a
new prognostic factor of curve progression in ado-
lescent idiopathic scoliosis. ] Bone Joint Surg Am
2005;87:2709-16.

Sun X, Wu T, Liu Z, et al. Osteopenia predicts curve
progression of adolescent idiopathic scoliosis in
girls treated with brace treatment. ] Pediatr Orthop
2013;33:366-71.

Yoshimura N, Muraki S, Oka H, et al. Prevalence of
knee osteoarthritis, lumbar spondylosis, and osteo-
porosis in Japanese men and women: the research on
osteoarthritis/osteoporosis against disability study. J
Bone Miner Metab 2009;27:620-8.

Rubery PT, Bradford DS. Athletic activity after spine
surgery in children and adolescents: results of a sur-
vey. Spine (Phila Pa 1976) 2002;27:423-7.

Fabricant PD, Admoni S, Green DW, Ipp LS, Wid-
mann RE Return to athletic activity after posterior
spinal fusion for adolescent idiopathic scoliosis:
analysis of independent predictors. ] Pediatr Orthop
2012;32:259-65.

Hirano T, Watanabe K, Hasegawa K. Pre- and post-
operative sports activity in patients with idiopathic
scoliosis. J Jpn Scoliosis Soc 2005;20:129-32.

Katougi T, Kotani T, Akazawa T, et al. Analysis of
pre- and post-operative test in patients with adoles-
cent idiopathic scoliosis. ] Spine Res 2016;7:940-3.
Kritz-Silverstein D, Barrett-Connor E. Grip strength
and bone mineral density in older women. ] Bone
Miner Res 1994;9:45-51.

Dixon WG, Lunt M, Pye SR, et al. Low grip strength
is associated with bone mineral density and verte-
bral fracture in women. Rheumatology (Oxford)
2005;44:642-6.



