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Abstract
In patients with neurofibromatosis type 1 (NF1), decreased bone mineral density (BMD) and low levels of 25-hydroxy vita-
min D3 (25OHD) have been reported. Recently, the trabecular bone score (TBS) measurement has been proposed as index 
of bone microarchitecture and fracture risk. In 74 NF1 patients (48 females, 26 males, age 41 ± 12), we measured TBS and 
investigated clinical stage, lifestyle, vitamin D, serum bone turnover markers, vertebral and femoral BMD. A homogenous 
cohort of 61 healthy subjects was used as control group. TBS was lower in NF1 patients (1.266 ± 0.113 vs. 1.346 ± 0.105) 
without differences between sexes. No correlations with 25OHD, low exercise, low calcium intake, reduced sun exposure, 
and number of skin neurofibromas were observed. As expected, hypovitaminosis D was common (98.6%), as well as BMD 
reduction in hip and spine sites: In NF1 patients, bone texture evaluated by TBS was low in both sexes without any correla-
tion with clinical or metabolic parameters, suggesting a direct role of the fibromin mutation.
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Introduction

Type 1 neurofibromatosis (NF1) is an autosomal dominant 
disorder, involving approximately until one subject every 
2000 [1]. The NF1 gene is an oncosuppressor with 60 exons, 
spanning 350 kb on 17q11.2 region. It encodes for neu-
rofibromin, an ubiquitously expressed protein involved in 

pathways affecting cell growth and development of skeletal, 
cardiovascular, and nervous system [2]. Neurofibromin is a 
member of the GTPase-activating protein gene family and 
can modulate adenylyl cyclase activity and protein kinase A 
(PKA), regulators of osteoblasts, and osteoclasts cell func-
tion. Decreased expression of neurofibromin is correlated 
with dose-dependent elevation of intracellular RAS-activity 
and increasing expression of intracellular signaling path-
ways, such as mitogen-activated protein kinase (MAPK), 
phosphatidil inositol-3-phosphate kinase (PI-3K), and 
decreasing expression of c-fos, a crucial regulator in osteo-
blast differentiation [3].

Following the recommendations of the National Institute 
of Health [4, 5] the diagnosis of NF1 can be made when 
two or more of the following criteria are found: cutane-
ous neurofibromas, “café-au-lait” spots, iris hamartomas 
(Lisch’s nodules), axillary or groin freckles, optical gliomas, 
and bone deformities. The molecular diagnosis of NF1 can 
identify up to 95% of gene mutations in patients with typical 
neurofibromatosis [6].

As bone features are concerned, NF1 patients are shorter 
than expected, with maintained body proportions, thus sug-
gesting a generalized skeleton bone growth decrease [7]. 
Other studies showed local and general dysregulation in 
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bone resorption, remodeling [8] and increased formation of 
osteoclasts [9]. An increased bone fractures rate was also 
observed in affected adults [10] as well as in NF1 postmeno-
pausal women [11]. Reduced bone mineral density (BMD) 
and osteoporosis were also found in young patients together 
with an increased fracture risk [12]. Moreover, previous 
studies reported low levels of serum 25-hydroxy vitamin 
D3 (25OHD), reduced BMD and trabecular bone density in 
both adults and children NF1 patients in comparison with 
healthy subjects [10, 12–15].

Recently, the trabecular bone score (TBS) has been found 
to be more accurate than spinal BMD alone as an index of 
trabecular bone strength able to detect the presence of dam-
age accumulation [16]. TBS is a gray-level texture meas-
urement based on the use of experimental variograms of 
two-dimensional (2D) projection images acquired during 
a dual-energy X-ray absorptiometry (DXA) of the lumbar 
spine (LS). Unlike histomorphometric analysis on bone 
biopsy, TBS assessment is noninvasive and cost-effective. 
Moreover, it is calculated by a computer software during the 
common BMD measurement session and it is highly accu-
rate [17–20]. It may be used for the routine evaluation of 
bone microarchitecture, and it is supported by several studies 
for identifying patients at risk of fracture associated with 
impaired trabecular microarchitecture [21, 22]. Evidences 
showed its utility to discriminate fractured patients and to 
predict fracture risk in primary and secondary osteoporosis 
[23–26].

The aim of this study was to evaluate TBS in a cohort of 
NF1 patients, in order to find possible differences with con-
trols and correlations with bone metabolism, cutaneous NF1 
stigmata, sun exposure, and habits of life at the recruitment.

Methods

Seventy-four consecutive patients (48 females, 26 males, age 
41.8 ± 11.8) were enrolled in the study in 12 months. A mul-
tidisciplinary team, including endocrinologists, geneticists, 
and radiologists, has evaluated all of them. The enrollment 
was carried out according with the following inclusion cri-
teria: (i) age between 18 and 65; (ii) clinically diagnosis 
of NF1 based on recommendations of National Institute of 
Health; (iii) informed consent expression. The exclusion cri-
teria were: (i) pregnancy or nursing; (ii) disorders affecting 
bone metabolism, i.e., primary hyperparathyroidism, hyper-
thyroidism, renal or hepatic chronic disease, malabsorption, 
hypercortisolism, hypogonadism, premature menopause; 
(iii) previous or ongoing treatments with glucocorticoids, 
chemotherapies, bisphosphonates, or other antiosteoporotic 
drugs; (iv) previous spine or hip fractures; (v) surgical cor-
rection of scoliosis.

Sixty-one voluntary healthy subjects (16 males, 45 
females, age 40.5 ± 12.8, 32.8% menopause, Table 2) were 
collected as control group for bone mineralometry and 
TBS. Age, sex, and menopause rate did not significantly 
differ between controls and patients. None of the controls 
had disorders or treatments affecting bone metabolism or 
mineralometry.

The primary outcomes of the study were: to evaluate 
TBS difference between NF1 patients and controls in both 
sexes; to study TBS correlations with 25OH vitamin D, 
bone metabolism parameters, cutaneous NF1 stigmata, sun 
exposure, and habits of life at the recruitment.

The study was approved by the local ethics committee.

Clinical Stage of Neurofibromatosis

The severity grade of the disorder was defined accord-
ing with Riccardi [27]. Briefly, in grade 1 the presence of 
NF1 features is minimal, without compromise of health; 
grade 2 stands for an overt disease, but with no health 
compromise; in grade 3 patients health and well-being are 
compromised, but clinical problems can be treatable and 
do not shorten life expectancy; grade 4 includes severe and 
difficult to treat conditions (mental retardation, tumors, 
etc.), associated with shortened lifespan [27].

Moreover, the cutaneous involvement of NF1 was 
evaluated subdividing the cohort of NF1 patients in four 
subgroups based on the number of skin neurofibromas 
(minimal: less than 10; mild: 10–99; moderate: 100–999; 
and severe: more than 1000; this classification was modi-
fied from Lammert et al. [13] introducing the “less than 
10” category) assessed by clinicians. Clinical data of this 
cohort are reported in Table 1.

Lifestyle

Employment, exercise, sun exposure, and calcium intake 
were recorded by questionnaire administration during the 
enrollment visit.

Briefly, sun exposure was considered low with at least 
two of the following criteria: no arm and skin exposure 
during summer months; no sunbathing or holiday in sunny 
places; no working outdoors. Physical activity (e.g., jog-
ging, swimming, cycling, dancing) for less than 2 h a week 
has been considered low exercise.

Diet calcium intake was defined low with at least two of 
the following criteria: milk assumption less than 100 mL a 
day; less than three yogurts in a week; eating cheese less 
than two times in a week.



209Trabecular Bone Score (TBS) and Bone Metabolism in Patients Affected with Type 1…

1 3

Bone Metabolism and Radiology

Standard assays were used for blood and urine tests. Total 
calcium was corrected for serum albumin according to 
the formula: total calcium + (4.4 − albumin [g/dl]) × 0.8 
(normal range 8.4–10.4 mg/dl, 2.1–2.5 mmol/l). Urinary 

calcium and creatinine were measured in 24-h urine 
collections.

Calcium, albumin, alkaline phosphatase, and creatinine 
in serum and urinary calcium and creatinine were measured 
by standard colorimetric techniques. Serum intact PTH was 
measured by a chemiluminescent method (Nichols Institute 
Diagnostic, San Juan Capistrano, CA, USA) with intra- and 
interassay coefficient of variation (CV) of 5.1 and 8.2%, 
respectively. Serum 25OH-vitamin D (25OHD) levels were 
measured by RIA (DiaSorin, Saluggia, Italy) with an intra- 
and interassay CV of 5.6 and 15%, respectively. The serum 
osteocalcin (OC) was measured (normal value 5–25 ng/
ml) by the Invitrogen human Osteocalcin Enzyme Ampli-
fied Sensitivity Immunoassay (EASIA) (Life Technologies, 
Carlsbad, CA, USA) following manufacturer’s instruction. 
Serum bone turnover markers including the bone resorp-
tion marker collagen type 1 C-terminal telopeptide (CTX) 
(normal value 80–320 pg/ml for men aged 20–50 years, up 
to 704 pg/ml for men 50–70 years, and 70–573 pg/ml for 
premenopausal women over 20 years) were determined by 
the Serum CrossLaps Enzyme-linked Immunosorbent Assay 
(ELISA) (ImmunodiagnosticSystem Ltd, Boldon, UK) 
according to manufacturer’s assay procedure.

NF1 patients were classified according to the Endocrine 
Society’s latest guidelines for vitamin D levels [28]: in par-
ticular, deficiency when 25OHD was less than or equal to 
20 ng/ml; insufficiency when between 21 and 29 mg/ml, and 
normal if more than 30 ng/ml.

In all patients, DXA scans were performed at lumbar 
spine (L1–L4 vertebrae) and non-dominant femoral neck 
(FN) for BMD measurement, as well as trabecular bone 
score (TBS) assessment by spine DXA (Hologic discovery, 
Software version 13.3.3, Bedford MA, USA). TBS meas-
urement was reliable when the BMI of the subjects lied in 
18–35 Kg/m2 range, outside of which it has to be corrected. 
Osteopenia was defined as a BMD T-score between − 1.0 
(included) and − 2.5 (excluded), while osteoporosis was 
assessed when T-score was − 2.5 or less.

Statistical Analysis

The distribution of continuous variables was assessed by 
inspection of frequency histograms and by Kolmogo-
rov–Smirnov test. Normal variables were reported as 
mean ± standard deviation (SD), and comparisons were 
carried out by Student t test. Non-Gaussian variables were 
reported as median (interquartile range, IQR) and compared 
by Wilcoxon–Mann–Whitney test.

Dichotomous and nominal variables were compared by 
Fisher exact test. Linear regression analysis was performed 
by SPSS software (version 21 for Windows, IBM Inc, 
Armonk NY USA).

Table 1  Clinical and biochemical characteristics of the 74 patients 
affected with type 1 neurofibromatosis enrolled in the study

CNS central nervous system, NF1 type 1 neurofibromatosis, n.v. nor-
mal values, 25OHD 25(OH)-vitamin D, CTX collagen type 1 C-ter-
minal telopeptide, PTH parathyroid hormone

N = 74

Sex (male %) 35.1
Age at diagnosis (years) 18.6 ± 15.2
Age at enrollment (years) 41.2 ± 12.2
NF1 positive familial history (%) 40.5
BMI (Kg/m2) 24.2 ± 3.5
Subcutaneous neurofibromas (%) 39.2
Paravertebral neurofibromas (%) 23.0
Internal neurofibromas (%) 17.6
Arterial blood hypertension (%) 25.7
Scoliosis (%) 32.4
Riccardi scale (%)
 Grade 1 0.0
 Grade 2 36.5
 Grade 3 43.2
 Grade 4 20.3

Skin neurofibromas count (%)
 Minimal: < 10 32.4
 Mild: 10–99 37.8
 Moderate: 100–999 25.7
 Severe: > 1000 4.1

Tumors (%)
 Pheochromocytomas (%) 2.7
 CNS 4.0
 Peripheral sheet nerve 49.3
 Gastrointestinal stromal 4.1
 Glomus 4.1
 Others 2.7

25OHD levels (ng/dl, n.v. 30–100) 12.4 ± 6.2
Reduced sun exposure (%) 14.9
Low calcium intake (%) 13.8
Low exercise (%) 6.8
Calcium (mg/dl, n.v. 8.6–10.2) 9.5 ± 0.4
Albumin-corrected calcium (mg/dl, n.v. 3.5–5.0) 9.5 ± 0.4
Phosphorous (mg/dl, n.v. 2.5–4.8) 3.4 ± 0.6
PTH (pg/ml, n.v. 12–72) 36.0 ± 19.0
Creatinine clearance (ml/min) 107.2 ± 24.3
Urinary calcium (mg/day, n.v. 100–300) 201.3 ± 102.6
Osteocalcin (ng/ml, n.v. 5–25) 22.6 ± 5.0
CTX (pg/ml, n.v. see “Methods”) 505.7 ± 202.8
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Statistical significance threshold (α) was set to 0.05. 
When multiple comparisons were carried out, α was 
reduced according to Bonferroni correction. Statistical 
power was determined using free calculator available at 
http://power andsa mples ize.com site and reported as type 
2 error probability or β value (1 − power) when α ≥ 0.05.

Results

Trabecular Bone Score

Patients BMI was within 18–35 Kg/m2 range (24.2 ± 3.5, 
min. 18.0, max. 32.9), and no TBS correction was needed. 
TBS was 1.266 ± 0.113 in overall patients without sex dif-
ference (F: 1.253 ± 0.107 vs. M: 1.273 ± 0.117, P = 0.456, 
β = 0.20), although the sample size was not adequate to 
exclude an actual gender variance. TBS in NF1 was sig-
nificantly lower than in unaffected subjects: 1.346 ± 0.105 
(P < 0.001, Fig. 1). Such difference was observed also 
considering sex-based subgroups. In NF1 males, TBS 
was 1.253 ± 0.107 versus 1.366 ± 0.092 in controls 
(P = 0.001) whereas in females was 1.273 ± 0.117 versus 
1.339 ± 0.110 (P = 0.001, Fig. 1).

No associations among TBS and 25OHD, age, low 
exercise, reduced sun exposure, Riccardi scale, and num-
ber of skin neurofibromas were observed by linear regres-
sion analysis. We also compared TBS in patients with 
scoliosis (1.272 ± 0.122) or not (1.258 ± 0.079) with no 
significant difference (P = 0.601, β = 0.60).

Bone Mineralization

In the sample study, bone mineralization was decreased in 
NF1 patients than in controls (Table 2). In particular, spine 
raw BMD was significantly reduced in NF1 both whole 
cohort (0.928 ± 0.141 vs. 1.030 ± 0.109 g/cm2, P < 0.001) 
and in females (0.918 ± 0.139 vs. 1.030 ± 0.109  g/cm2, 
P < 0.001, Table 2). In male NF1 BMD was reduced but 
without significance: 0.948 ± 0.146 versus 1.030 ± 0.113, 
P = 0.046, β = 0.60. (α was reduced to 0.004 after Bonfer-
roni correction.)

Spine osteopenia was found in 27.9% of controls and in 
41.4% of NF1 patients (P = 0.040, β = 0.60) ,and such differ-
ence is above the α corrected by Bonferroni method also sex 
subgroups: female 22.2% versus 37.5%, P = 0.037, β = 0.70; 
male 43.8% versus 42.3%, P = 0.480, β = 0.90 (Table 2). As 
regards femoral osteopenia, the differences were 21.3% ver-
sus 43.7% (P < 0.001) between controls and NF1 and held 
for both sexes (females: 24.4% vs. 47.9%, P = 0.001; males: 
12.5% vs. 34.6%, P = 0.001, Table 2).

Spine osteoporosis was observed only in NF1 patients 
(~ 15% vs. 0%, Table 2), and it was not statistically signifi-
cant on the overall population (P = 0.006, β = 0.10), between 
females (16.7%, P = 0.006, β = 0.30), and in males (15.4%, 
P = 0.280, β = 0.60). Femoral osteoporosis prevalence was 
low and similar in both NF1 and controls (~ 1%), and no 
statistical analysis was carried out.

Bone Metabolism

Vitamin D levels (25-hydroxy vitamin D, 25OHD) were less 
than 30 ng/ml in almost all patients (73 out of 74 subjects), 
while 28 patients (37.8%) had 25OHD less than 10 ng/ml.

Fig. 1  Trabecular bone score 
(TBS) in a group of 74 patients 
affected with NF1 compared to 
61 control subjects. M males, F 
females

1.500

1.000

0.500

0.000

TB
S

controls NF1 controls NF1

F M F M

http://powerandsamplesize.com


211Trabecular Bone Score (TBS) and Bone Metabolism in Patients Affected with Type 1…

1 3

Fourteen patients (18.9%) had secondary hyperparathy-
roidism. In these patients, 25OHD levels were similar to 
those measured in patients with normal parathyroid hormone 
(11.1 ± 6.4 vs. 12.7 ± 6.1 ng/ml, P = 0.410), as well as calcium 
intake and sun exposition rates. 25OHD levels did not sig-
nificantly differ between sexes: 13.0 ± 6.6 in females versus 
11.2 ± 5.1 in males, P = 0.244. A mild, but nonsignificant, cor-
relation among age and 25OHD was detected (ρ = − 0.208, 
P = 0.100).

No associations between 25OHD and calcium metabolism 
markers (PTH, alkaline phosphatase, daily urinary calcium) 
were observed, except for serum phosphate, which showed a 
positive correlation with vitamin D (r = 0.329, P = 0.004). As 
regards clinical stigmata, 25OHD correlated with the number 
of cutaneous neurofibromas (ρ = − 0.242, P = 0.037) but not 
with Riccardi scale (ρ = − 0.209, P = 0.074).

In a subgroup of 37 patients (22 females, age 42 ± 12), 
osteocalcin (OC) and collagen type 1 C-terminal telopep-
tide (CTX) were measured as markers of bone formation 
and resorption, respectively. Serum CTX was 505.7 ± 202.8 
and was found higher than the normal age- and sex-specific 
range in 11 patients (29.7%), 10 of them being males less than 
50 years old (CTX 517.4 ± 163.4, normal range: 80–320 pg/
ml).

Osteocalcin levels were 22.6 ± 5.0 ng/ml, with increased 
levels (> 25 ng/ml) in nine subjects (24.3%, six females and 
three postmenopausal women, age 41 ± 13).

Discussion

Type 1 neurofibromatosis (NF1) is a genetic disorder due 
to neurofibromin mutations [6]. Typical NF1 patients have 
neurofibromas and brown macules on skin, and iris hamar-
tomas [4]. Both bone abnormalities and reduced miner-
alization [7–12] as well as hypovitaminosis D [13] are 
also common in these patients. Although several studies 
supported the accuracy of TBS analysis in the assessment 
of trabecular bone microarchitecture and fracture risk in 
different disorders, no data on TBS in NF1 patients are 
available yet.

In this cohort of 74 Italian patients affected with NF1, 
we observed a marked and significant reduction in TBS in 
both sexes (Fig. 1). This finding did not correlate with sex, 
age, 25OHD, sun exposure, lower diet calcium, and lower 
exercise, and it should be considered as a proper effect of 
the genetic disorder. Furthermore, this observation was in 
agreement with the reported evidences of trabecular bone 
reduction detected by histological methods [12].

Reduced bone mineral content in NF1 patients was 
already known [7, 10–12], and it is due to negative effects 
of neurofibromin mutations on bone growth and structure 
[8, 9]. In this cohort, we observed lesser T and Z scores 
in both hip and spine sites and a significant increase in 
osteopenia and osteoporosis rates (Table 2). In particular, 

Table 2  Bone radiology in a cohort of 74 NF1 patients and 61 normal subjects

n.v.: BMD bone mineral density, TBS trabecular bone score

NF1 patients
n = 74

NF1 males
n = 26

NF1 females
n = 48

Control subjects
n = 61

Control males
n = 16

Control females
n = 45

Age (years) 41.2 ± 12.2 35.1 ± 13.2 44.0 ± 10.7 40.5 ± 12.8 30.4 ± 11.5 44.1 ± 11.3
Spine osteopenia (%) 41.4 42.3 37.5 27.9 43.8 22.2
Femoral osteopenia (%) 43.7 34.6 47.9 21.3 12.5 24.4
Spine osteoporosis (%) 14.9 15.4 16.7 0.0 0.0 0.0
Femoral osteoporosis (%) 1.4 0.0 2.1 1.6 0.0 2.2
Spine BMD (g/cm2) 0.928 ± 0.141 0.948 ± 0.146 0.918 ± 0.139 1.030 ± 0.109 1.030 ± 0.113 1.030 ± 0.109
Spine L2–L4 T-score − 1.23 ± 1.30 − 1.31 ± 1.34 − 1.19 ± 1.28 − 0.32 ± 1.00 − 0.58 ± 1.02 − 0.23 ± 0.97
Spine L2–L4 Z-score − 0.83 ± 1.33 − 1.14 ± 1.28 − 0.66 ± 1.34 0.15 ± 1.14 − 0.49 ± 1.07 0.38 ± 1.08
Femoral neck BMD (g/cm2) 0.746 ± 0.113 0.790 ± 0.121 0.721 ± 0.102 0.821 ± 0.138 0.935 ± 0.155 0.780 ± 0.107
Femoral neck T-score − 1.11 ± 0.91 − 0.98 ± 0.92 − 1.18 ± 0.91 − 0.36 ± 0.93 − 0.05 ± 0.87 − 0.51 ± 0.94
Femoral neck Z-score − 0.63 ± 0.86 − 0.60 ± 0.73 − 0.64 ± 0.93 − 0.2 ± 1.00 0.11 ± 0.81 − 0.09 ± 1.08
Total femoral T-score − 0.82 ± 0.99 − 0.90 ± 0.93 − 0.78 ± 1.03 − 0.21 ± 0.95 0.05 ± 0.75 − 0.34 ± 1.02
Total femoral Z-score − 0.50 ± 0.96 − 0.68 ± 0.84 − 0.40 ± 1.01 − 0.01 ± 1.02 0.11 ± 0.76 − 0.07 ± 1.13
TBS 1.266 ± 0.113 1.253 ± 0.107 1.273 ± 0.117 1.346 ± 0.105 1.366 ± 0.092 1.339 ± 0.110
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spine osteoporosis was about 15% in NF1 versus 0% in 
controls (Table 2), despite the relatively young age of the 
patients (41 ± 12).

Another common finding in NF1 is hypovitaminosis 
D that in this series was present in almost all the subjects 
(Table 1), without gender and age differences. The mecha-
nism underlying the reduced 25OHD in NF1 is unknown. 
In our population, we found an association between 
25OHD and the number of skin neurofibromas (ρ = − 0.242, 
P = 0.037), confirming what Lammert et  al. previously 
reported [13]. One possible interpretation of this finding 
is that patients with major skin involvement might avoid 
exposure because of aesthetic embarrassment or discomfort, 
although no association with low sun exposure was found. In 
future, in vitro studies on skin samples might assess whether 
vitamin D production and metabolism may be deranged in 
NF1 patients.

As markers of bone formation and resorption were con-
cerned, they did not seem to be related to cutaneous involve-
ment or habits of the patients. The observation of increased 
levels of osteocalcin (OC), a marker of osteoblastic activity 
and bone neoformation, in NF1 patients is consistent with 
a previous report [14]. This finding might be considered as 
a compensatory mechanism against the increased resorp-
tion, which is in turn pointed out by high levels of CTX 
observed in NF1 patients. However, in this study OC and 
CTX abnormalities were referred to the normal range of the 
assay: no biochemical evaluation against the control group 
was carried out.

Another common finding in NF1 was scoliosis, which we 
found in 32% of patients. In the present study, no correlation 
between TBS and scoliosis was observed, but the statistical 
power of such comparison was poor (0.40%).

In conclusion, to date this is the first study reporting low 
TBS in NF1 patients, this observation being in agreement 
with the reported evidences of trabecular bone reduction 
detected by histological methods [12]. It would be of great 
clinical interest to verify in further and targeted studies the 
accuracy of TBS in assessing the risk of other bone abnor-
malities that are frequent in NF1 patients, specially scoliosis 
and bone dysplasia, as well as fracture risk in elder patients. 
This goal will be easily achieved in the future by introducing 
DXA bone quality assessment calculating TBS as routine 
evaluation in NF1 patients.
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