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The acromegalic spine: fractures, deformities and spinopelvic balance

Bruno de Azevedo Oliveira® - Bruna Araujo? - Taina Mafalda dos Santos? - Barbara Roberta Ongaratti’ -
Carolina Garcia Soares Ledes Rech? - Nelson Pires Ferreira? - Julia Fernanda Semmelmann Pereira-Lima'? -
Miriam da Costa Oliveira'?

Published online: 25 September 2019
© Springer Science+Business Media, LLC, part of Springer Nature 2019

Abstract

Introduction Axial skeleton arthropathy and osteoporotic vertebral fractures are common findings in acromegalic patients
and can result in severe spinal deformity.

Objective To investigate the presence of spinal fractures and deformities, sagittal imbalances, and spinopelvic compensa-
tory mechanisms in acromegalics.

Patients and methods 58 patients with acromegaly from a referral neuroendocrinology center were prospectively evalu-
ated by panoramic spine radiographs to detect the presence of fractures and scoliosis, to measure thoracic kyphosis, lumbar
lordosis (LL), pelvic incidence (PI), pelvic tilt (PT) and sagittal vertical axis (SVA). Sagittal imbalance criteria were con-
sidered: thoracic kyphosis >50°, PI-LL > 10°, PT>20° and SVA > 5 cm. Their medical records were analyzed for clinical
and laboratorial data.

Results The prevalence of fractures was 13.8%, predominantly in the thoracic spine, with mild and anterior wedge compres-
sions. Scoliosis was present in 34.5% of the cases, all with degenerative lumbar curve apex. Thoracic kyphosis > 50° occurred
in 36.8% of patients, PI-LL > 10° in 48.3%, PT >20° in 41.4% and SVA>5 cm in 12.1%.

Conclusion Increased number of vertebral fractures and high prevalence of spinal deformities related to sagittal imbalance
were detected, indicating the importance of monitoring bone comorbidities in acromegaly, with radiological evaluation of
the spine as part of the follow up.
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Introduction

Acromegaly is a rare disease caused by excess secretion
of growth hormone (GH) and insulin-like growth factor 1
(IGF-1), in more than 70% of cases associated with a pitui-
tary macroadenoma [1, 2]. It has an estimated prevalence
of 28-137 cases per million [3]. The most characteristic
clinical changes are those that occur in soft tissues, skin,
bones and joints, although there is a wide spectrum in the
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intensity of these findings. Although mortality associated
with acromegaly is progressively normalizing [4], possibly
due to drug treatment, morbidity is still high, mainly related
to hypertension, diabetes mellitus, sleep apnea and arthropa-
thy [5]. Descriptions of spinal involvement are classic in
the literature [6], generally being restricted to kyphosis and
chest deformities, but without further exploration of other
parameters with possible functional repercussions.

The objective of this study was to evaluate the spine in
patients with acromegaly, especially in relation to osteoporo-
tic fractures, spinopelvic balance and their compensatory
mechanisms.
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Patients and methods

The study included 58 acromegalic patients recruited
between April 2017 and May 2019, from a cohort at a refer-
ral Neuroendocrinology Center in Southern Brazil. Our
study was performed in accordance with the Helsinki recom-
mendations. Written informed consents were obtained from
the participants, and the study was approved by the Ethics
Committee of our university hospital.

Medical records were reviewed for clinical, laboratory
and imaging, surgical, and anatomopathological information
on the pituitary adenoma, treatment modalities, and follow
up data. The diagnosis of acromegaly was established on
clinical and hormonal bases (baseline and/or suppressed
GH < 1 ng/mL and IGF-1 above the upper limit of normal-
ity corresponding to gender and age).

The patients were submitted to panoramic radiographs
of the total and pelvic spine, anteroposterior and lateral, in
orthostatic position, in the same institution. On radiographs,
using the Cobb method [7] were measured thoracic kypho-
sis, lumbar lordosis (LL), sacral slope (SS), pelvic incidence
(PD), pelvic tilt (PT) and sagittal vertical axis (SVA) (Fig. 1).
Thoracic kyphosis was measured from the upper endplate
of the most cranial detectable vertebra (usually T2 or T3)
to the lower endplate of T12; LL from the upper endplate
of L1 to the upper endplate of S1. The PI describes the ana-
tomical shape of the pelvis and interferes with the spinal
position. A low PI value implies lower values of other pel-
vic parameters and lesser lordosis. It is measured from the
angle formed between a line perpendicular to the midpoint
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Fig.1 Schematic diagram of the spinopelvic parameters, according to
the authors. PT pelvic tilt, SS sacral slope, PI pelvic incidence

@ Springer

of the sacral endplate, and a line that connects this point
to the central axis of the femoral head. PT is a pelvic posi-
tion parameter; higher values indicate pelvic retroversion, a
compensatory mechanism of sagittal imbalance, resulting
in shifting of the axis of gravity backwards. It is measured
from the angle between a line connecting the midpoint of the
sacral endplate to the axis of the femoral head and a verti-
cal line (perpendicular to the ground). SVA is the distance
from the posterosuperior point of the sacral endplate to a
vertical plumb line from C7 and it gives us a general idea of
the patient balance. The validation of the obtained measure-
ments was made through the formula: PI=SS + PT.

Scoliosis was defined by the presence of any lateral cur-
vature of the spine above 10° by the Cobb method. The
presence of vertebral fracture was verified by the semi-
quantitative method of Genant [8]. Positive findings were
independently reviewed by a second evaluator, a radiologist
with experience in musculoskeletal pathology, and discord-
ant cases were resolved by consensus.

Sagittal spinal deformities, determinants of sagittal
imbalance, were determined by 4 criteria: dorsal or thoracic
kyphosis > 50°, mismatch between PI and LL greater than
10° (PI-LL > 10°), PT>20° and SVA>5 cm [9, 10].

After analysis of descriptive parameters, for compari-
son between groups the t-test or Mann Whitney were used,
according to the distribution of data. The comparison of
categorical variables was performed by Fisher’s exact test,
and for the correlation study the Pearson coefficient. The
evaluation was performed using the Statistical Package for
Social Sciences (SPSS), version 22.0, using as significance
level p<0.05.

Results
Acromegaly features

The sample consisted of 58 patients, 35 (60.3%) men, with
age at study entry 50.8 +12.7 (27-74) years and age at diag-
nosis of acromegaly 42.4 + 12.5 years. MRI evaluation of the
sellar region showed 49 macroadenomas (84.5%) and tumor
invasion to the cavernous and/or sphenoid sinuses in 39.3%
of the cases. Prolactin was elevated in 20 (34.4%) patients,
up to 100 ng/mL in 11, between 101 and 200 ng/mL in 5 and
above 200 ng/mL in 4.

Except for one patient, the others underwent pituitary
adenomectomy and, in 3 cases, surgical reintervention. The
Ki-67 index in tumor samples, available in 25 cases, was
equal to or greater than 3% in 36% of them, with a maximum
value of 8%. Radiotherapy was performed on five subjects.

In the last evaluation, complementary drug therapy
was used in 40 cases: octreotide in 18 (45%), association
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of octreotide and cabergoline in 21 (52.5%) and, in 1 case,
cabergoline alone.

In the last image, 46.6% had no tumor in the sellar region,
31% had tumor residue without extension or invasion and
20.7% had invasion to the cavernous (n=11) or sphenoid
sinus (n=1).

Of the total sample, 16 (27.6%) individuals were cured
considering IGF-1 level below 1.2 ULN (Upper Limit of
Normality), GH less than 1 ng/mL and no lesion in the sellar
region; 23 individuals showed biochemical control with drug
use, according to the same criteria, constituting a total of
69.6% of individuals without active disease at the time of
the evaluation.

Regarding the clinical variables, 12 cases (20.7%) had
Type 2 Diabetes Mellitus and 44.8% were hypertensive.
Headache was a complaint of 31% of the sample. 20.6% of
the patients used 6 or more continuous medications (none to
10), and 19% of the sample used antidepressants drugs. Spe-
cific physical activity, such as walking, swimming, among
others, was reported by 20.7% of individuals. Among the
deficient hormonal axes, of particular interest to the study,
28 (48.3%) patients were hypogonadic, whether due to
tumor-associated central etiology or primary gonadal failure
such as menopausal women (with elevated gonadotropins).

Radiological findings

Spinal fractures were diagnosed in 8 patients (13.8%), and 3
of them had two fractures, totaling 11 fractures. There was
a predominance of thoracic involvement (8 vertebrae). The
most affected vertebrae were T11, T12 and L3, with 2 occur-
rences each. The classification of fractures revealed that 10
(90.9%) were grade 1 and one grade 2. Regarding the type
of bone depression, 7 fractures (63.6%) had anterior wedge
compression, and 4 had medium depression. The presence
of vertebral osteoporotic fracture was related to low IGF-1
(p=0.011) and GH (p=0.014) values at diagnosis.

Anteroposterior (AP) radiographs reveled 20 (34.5%)
cases of scoliosis, all degenerative, with the apex of the
curve at the lumbar spine. Curve severity ranged from 10°
to 25°.

Thoracic kyphosis ranged from 20 to 73° (mean 46.7°)
and in 21 cases (36.8%) was greater than 50°, one of the
criteria used to define sagittal deformity. Lumbar lordosis
ranged from 14 to 70° (mean 44.8°) and PI ranged from 30
to 122° (mean 53.5°). The PI-LL > 10°, which is the second
criteria used to define sagittal imbalance, occurred in 28
patients (48.3%). The largest difference - and theoretically
the most serious - was 82°.

The SS ranged from 13 to 50° (average 33.7°) and the
PT between -6 to 72° (average 19.8°). Another criteria of

sagittal imbalance, PT > 20°, was identified in 24 patients
(41.4%).

SVA, the fourth criteria used for imbalance, ranged
from — 6.9 to+ 14.2 cm. Of these, 7 patients (12.1%) had
SVA > 5 cm, meaning an excessively anterior sagittal shift-
ing. SVA above 5 cm was correlated with increasing age
(p=0.03) and hypogonadism (p=0.04). Fig. 2 exemplifies
SVA>5 cm (Fig. 2a), PT >20° (Fig. 2b) and osteoporotic
vertebral fracture (Fig. 2c).

Discussion
Clinical features

The results regarding the mean age at diagnosis, the pre-
dominance of macroadenomas, the percentage of invasive
adenomas and hyperprolactinemia, as well as the prevalence
of headache, diabetes mellitus, arterial hypertension and
hypogonadism are consistent with those described in the
literature [1, 2, 11-19]. A possible difference is related to
gender, where we find two thirds of male patients, while in
other series women predominate [17].

Transsphenoidal surgery was the first therapeutic option
as established [17, 20, 21], complemented by somatostatin
analogs and/or dopaminergic agonists. Of the 57 patients
who underwent surgery, performed by the same experienced
neurosurgeon, 27.6% were considered cured, while a recent

SVA=10Smm L

Fig.2 Radiographic findings. a SVA=10.5 cm, with excessively
anterior sagittal shifting, compatible with imbalance. b PT=44°,
with pelvic retroversion, a compensatory mechanism in sagittal
imbalance. ¢ Genant grade 1 anterior osteoporotic fracture (arrow)
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review mentions cure percentages of 44.5% for suprasellar
tumors, 33% for suprasellar tumors with visual impairment
and 41.5% for tumors with parasellar and/or sphenoid inva-
sion [19]. Regarding drug therapy, rigorously conducted tri-
als demonstrate a 25-45% rate of biochemical control [5],
resulting in uncontrolled disease in approximately one third
of patients [3]. The percentage of active disease (31.4%)
observed here may reflect previous very high GH/IGF-1
values, predominance of men in the sample, and non-use
of a second generation SST analog or GH receptor antago-
nist treatment. Factors associated with the so-called “real
world” should also be taken into account, such as the result
of the last IGF-1 being eventually the first postoperative
evaluation, failure in the drug distribution through the State
system, or return to consultation after loss follow-up, in a
context where the loss of follow-up in these patients is high,
up to 17.6% [22, 23].

Radiological endpoints

Osteoporotic vertebral fractures in acromegalic patients are
a frequent feature in the literature [6]. They occur indepen-
dently of disease activity [24] and in the presence of normal
Bone Mineral Density (BMD), making BMD a poor predic-
tor of fracture risk in acromegaly. The reasons for the para-
doxical skeletal fragility are the compromised bone turnover
caused by the excess of GH and IGF-1 and changes in bone
microarchitecture compromising its quality.

Bonadonna et al. [25] described fractures in acromegalic
women in the proportion of 52.8% versus 30.6% in controls,
while Mazziotti et al. [26] first described fractures in acro-
megalic men at 57.5% versus 22.6% in controls. Wassenaar
et al. [27] followed by Padova et al. [28], Madeira et al. [29],
and Mazziotti et al. [30] found respectively, 59, 39, 10.6
and 42% of fracture prevalence. In the current study, the
percentage of individuals with fractures was 13.8%, close
to that observed by Madeira et al. [29]. As most studies
are cross-sectional, it is difficult to determine which frac-
tures occurred in the active phase of acromegaly and which
occurred after the biochemical control of the disease. In a
prospective study, Claessen et al. [31] observed a 20% inci-
dence of fractures in patients with remission disease, above
of what is usually found in the general population, which
is about 5-7% in postmenopausal women. The annual inci-
dence of osteoporotic fractures can reach 30% [5].

The location of the fractures observed here, predomi-
nantly thoracic, and their type, predominantly low grade
and in the anterior edges of the vertebrae, is described in
another study [27]. These features possibly contribute to
dorsal hyperkyphosis, a classic finding in acromegaly since
its earliest descriptions [32]. Some patients develop barrel-
shaped thorax as a result of changes in vertebral and rib
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morphology [33]. Vertebral osteoporotic fractures corre-
lated, in the present series, with low GH and IGF-1 levels at
diagnosis. There are no studies relating fracture occurrence
with GH/IGF-1 levels, but positively with duration of active
disease [6, 34]. We did not find a commonly established
association between fractures and hypogonadism.

Scoliosis is a common finding in diseases with high stat-
ure, including pituitary gigantism itself, as shown in the first
descriptions of the disease [35], but there are few reports of
scoliosis in acromegalic adults. Scarpa et al. [36] found 15%
of lumbar scoliosis in a sample of 54 acromegalics, while in
one-third of our series the patients had low-grade degenera-
tive lumbar scoliosis that, in the general population, has a
lower risk of progression [37]. On the other hand, kypho-
sis is more commonly described in acromegaly, although
without exploration over the degree of its severity or the
spinopelvic compensatory mechanisms that occur when it is
present. While we detected thoracic hyperkyphosis in 36.8%,
for Scarpa et al. [36] it occurred in 21% of patients with
acromegaly.

In recent years, there has been an increased interest
among the spine specialists over the concept of Sagittal Bal-
ance, based on the growing recognition of problems related
to incongruence of sagittal plane alignment after spinal
surgeries with fusion and consequent failure to treat pain.
Recent analysis suggests that sagittal imbalance may be a
more critical parameter for clinical symptoms than coronal
imbalance and therefore, although more difficult to measure,
deserves as much or more attention than scoliosis.

Chronic exposure to high levels of GH, IGF-I, and insu-
lin can potentially alter the physiological balance of the
spine, through inducing disproportion in vertebral body
diameters and impaired trophism of both facet joint and
intervertebral disc [36]. The higher incidence of progres-
sive osteoporotic compressions could also theoretically
contribute to vulnerability for kyphotic deformity. Medi-
cal literature does not explore sagittal balance deviations
in the acromegalic population. Despite being a relatively
new concept in spine surgery, still without consensus on
definitive diagnostic parameters, with the four criteria for
determining deformity and sagittal imbalance used here,
the number of patients with deformity draws attention.
We observed marked thoracic kyphosis in one third of
cases, marked incompatibility between pelvic incidence
and lumbar lordosis in almost half of the sample, excessive
pelvic tilt (PT) in more than 40% and anteriorization of
the sagittal vertical axis (SVA) in over 10%. of the cases.
The consequences of this may be chronic back pain, sec-
ondary to erector spinae overload, disc and facet degen-
eration in the spine, fatigue of the thigh and quadriceps
extensors, accelerated arthrosis of the sacroiliac joints and
lower limbs, among others. Initially retroversion of the
pelvis may compensate for the loss of sagittal balance, but
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with time and the progression of degenerative changes,
the trunk’s accommodation capacity is exceeded, which is
associated with increased energy expenditure for maintain-
ing upright posture, causing functional disability [38]. In
the later stages, the patient depends on support for stand-
ing, such as canes, walkers, and may even lose the abil-
ity to stand and walk completely. Significant imbalance
and postural deviations have been reported in acromegalic
patients evaluated by photogrammetry and stabilometry
[39]. To the authors’ knowledge, there is no data on spin-
opelvic balance that can be compared with the acromegalic
population evaluated here.

The current study has limitations, starting with the fact
that acromegaly is a rare disease, which requires multi-
center studies or national registries to minimize biases
usually associated with small samples. It is also mandatory
a long follow up period for monitoring the progression of
comorbidities. Finally, and most importantly, the results
regarding sagittal balance, because they are original, need
validation.

In summary, we found in a sample of acromegalics a
fracture prevalence slightly higher than that observed in
non-acromegalic menopausal women, and a high num-
ber of cases of lumbar degenerative scoliosis and tho-
racic hyperkyphosis. We highlight the findings regarding
sagittal imbalance, so far not described in acromegaly.
Parameters related to excessive trunk anteriorization
(SVA >5 cm) and compensatory mechanisms (high PT
and mismatch between LL and PI) were present in a large
number of cases.

Current guidelines on acromegaly already include fol-
low up of patients with lumbar and thoracic spine X-ray
every 2-3 years in the presence of risk factors or symp-
toms [19, 20]. Screening at diagnosis with conventional
radiographs is also suggested by Wassenaar and colleagues
and Mazziotti et al. [26, 27]. These indications rest on the
fact that osteoporotic vertebral fractures are a warning for
increased risk of hip fractures [40, 41], which do have
a major impact on morbidity and mortality. In addition,
acromegalic patients have a tendency to kyphotic deform-
ity, with sagittal imbalance and its consequent compensa-
tory mechanisms, which lead to chronic pain and func-
tional limitations.

In conclusion, the authors introduce new parameters for
the monitoring of bone comorbidities in acromegaly, sug-
gest radiological follow up of the spine and emphasize the
importance of a multidisciplinary approach in centers of
excellence in the management of this disease that chroni-
cally impacts organic and emotional health, and that has
great financial and social repercussions.
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