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Cerebral palsy (CP) is a group of conditions characterized by 
central motor dysfunction that leads to impairment in muscle 
tone, posture and movement. It results from brain injury 
that occurs during central nervous system development. 
Life expectancy in this population is shorter than the overall 
population but has been increasing over the past few decades. 
Children with CP have a multitude of medical complications due 
to their disorder. Gastrointestinal reflux, aspiration syndromes, 
muscle contractures, and seizures are just a few problems 
associated with CP [1]. These problems follow these patients 
into their adulthood. In addition to the aforementioned medical 
complications, CP patients are also at increased risk of developing 
osteoporosis. Osteoporosis leads to increased morbidity and 
mortality in this population. In CP patients who suffer from hip 
fractures, the mortality rate within the first year is 20% [1]. As CP 
children progress into adulthood with increasing risk of fractures, 
interventional trials are needed in this population to determine 
effective and safe therapeutic agents for the prevention of 
pathologic fractures [1].

Literature Review
Osteoporosis is defined as a decrease in bone strength that 
predisposes individuals to increased risk of fractures [2]. Primary 

osteoporosis is most often associated with increasing age and 
alterations in hormonal and nutritional milieu that is detrimental 
to bone mineral homeostasis. This is most commonly seen in 
post-menopausal women where estrogen deficiency leads to an 
imbalance between the activity of osteoclasts and osteoblasts 
favoring increased bone resorption [2].

The diagnosis of osteoporosis in adults is well defined and is based 
on assessment of a patient’s bone mineral density (BMD) reported 
as a T-score. A dual energy x-ray absorptiometry (DEXA) scan is 
utilized to measure BMD. A T-score of less than -2.5 is diagnostic 
for osteoporosis (Figures 1 and 2). In children and young adults, 
BMD is reported in a Z-score. The Z-score is adjusted for age and 
gender. The current definition of osteoporosis in these younger 
individuals is a BMD Z-score less than -2.0. Certain subsets of 
individuals, such as CP patients, have a higher risk of developing 
osteoporosis for a variety of reasons [3].

Osteoporosis in cerebral palsy
Children and young adults with CP are at increased risk of 
osteoporosis and pathologic fractures [4]. Low BMD is a serious 
problem in patients with CP. One study looking at prevalence 
of low BMD in the distal femur of CP patients found up to 77% 
(95% CI) of patients had z-score lower than -2 [5]. The decrease 
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Osteoporosis is a detrimental disorder of bone that puts patients at increased risk 
of pathologic fractures. Patients with cerebral palsy (CP), due to a multitude of 
factors, are at increased risk of developing this disorder. Studies in the past have 
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for prevention. Teriparatide is a recombinant PTH analog that has been shown to 
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analogs, like Teriparatide, have shown to be beneficial in patients with non-CP 
related osteoporosis, further studies need to be performed to assess its benefit for 
patients with CP related osteoporosis.
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of BMD in this population arises from a multitude of risk factors, 
including low body mass index (BMI), decreased weight bearing 
activities, and medications such as anticonvulsant therapies [6]. 
There is a strong correlation between the severity of immobility 
and the risk of sustaining fractures. In children with CP, the 
Gross Motor Function Classification System (GMFCS) is used 
to categorize the functional impairment into five levels (Table 
1). Past studies have shown higher incidence of fractures in CP 
patients in level IV and V when compared to the more mobile 
levels I, II and III [6]. Current management consists of weight 
bearing exercises, increasing time in the sun, vitamin D and 
calcium supplementation. The addition of bisphosphonates has 
been recommended in CP patients who have been diagnosed 
with osteoporosis and those with previous pathologic fractures. 
However, the efficacy of this intervention is modest at best as the 
predominant pathophysiology of osteoporosis in children with CP 
involves a deficit in the development of bone rather than bone 
mineral loss commonly observed in postmenopausal women [7-9].

Treatment
Bone growth is maintained by a process of bone remodeling. This 
remodeling involves old bone being replaced by new bone. There 

are five phases involved in bone remodeling: resting, activation, 
resorption, reversal, and formation. From the resting, or 
quiescent phase, bone enters activation phase. In the activation 
phase cells known as osteoclasts are activated and recruited 
to the bone surface. The resorption phase involves osteoclast 
resorption of mineral content of the bone. This is followed by the 
reversal phase, where osteoclasts undergo apoptosis, cell death. 
Osteoblast cells are then recruited to the surface of the bone. 
The next phase, formation phase, is when osteoblasts deposit 
collagen which is mineralized to form new bone [2]. 

Normal bone growth is dependent on vitamins, minerals, and 
hormones that play key roles in bone mineral homeostasis. 
Vitamins D, C, and A along with the minerals (calcium, phosphate, 
and magnesium) are required for normal bone growth. Hormones 
such as parathyroid hormone (PTH), growth hormone (GH), 
calcitonin, and sex hormones (estrogen, testosterone) have been 
implemented in bone mineral homeostasis as well.

The many different treatment options available for osteoporosis 
work through this remodeling process. Through knowledge of the 
bone formation the remodeling process can be manipulated to 
increase bone mineral density.

When there is an imbalance of remodeling activity, a decrease in 
mineralization, or modifications in hormones there is progression 
to osteoporosis. Treatment options that focus on the many 
different factors involved in bone growth have been developed 
(Table 2) in order to help decrease patient’s risk of pathologic 
fractures that accompany the diagnosis of osteoporosis.

Figure 1 Osteoporosis in femoral head observed via DEXA scan.

Figure 2 Osteoporosis of lumbar spine observed via DEXA scan.

Table 1 Gross Motor Function Classification System [9].

Level I Walks without limitations
Level II Walks with limitations
Level III Walks using a hand-held mobility device
Level IV Self-mobility with limitations; may use powered mobility
Level V Transported in a manual wheelchair

Compound Mechanism of Action
Bisphosphonates: 

Alendronate, Risedronate, 
Ibandronate, Zoledronic 

Acid

Decrease osteoclast activity

Denosumab

RANKL Inhibitor; binds to RANK-Ligand on 
osteoblast.  Leads to a decrease in binding 
of RANK receptor on osteoclast, decreasing 

osteoclast activation.

Raloxifene

Estrogen Agonist/Angtagonist; works 
as agonist on bone by decreasing bone 

resorption and bone turnover leading to 
increased BMD.

Teriparatide 
Abaloparatide

Parathyroid Hormone Analogues; increasing 
osteoblastic activity

Calcitonin

Effects of calcitonin on normal human 
bone physiology are unclear, receptors 

have been discovered on osteoclasts and 
osteoblasts

Table 2 Treatment options for osteoporosis [2].
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PTH analogues
Teriparatide is a parathyroid hormone analogue that works by 
increasing osteoblast activity. By doing so it leads to increase 
in bone formation. In 2001, a phase III clinical trial studied the 
use of teriparatide in postmenopausal women. Over 1600 
postmenopausal women were randomized to receive placebo 
or teriparatide for 21 months. Compared to the placebo group, 
teriparatide was shown to increase bone mineral density and 
reduce vertebral fractures. Fragility fractures at nonvertebral 
sites such as the hip and wrist were reduced by 53% (P<0.05) 
[10]. Teriparatide’s use in children is limited due to the increased 
risk of osteosarcoma due to their open epiphyses [11]. 

Another medication with similar effects as teriparatide is 
abaloparatide. Abaloparatide is a parathyroid hormone-
related peptide analog that is approved for the treatment of 
postmenopausal osteoporosis. In an 18-month long study that 
compared abaloparatide to placebo found that changes were 
higher in the abaloparatide group. In the abaloparatide group 
new vertebral fractures and non-vertebral fractures occurred 
in 0.6% and 2.7%, respectively. This is compared to the placebo 
group with new vertebral fractures at 4.2% and non-vertebral 
fractures at 4.7%. (p<0.05) [12]. OI is a skeletal dysplasia that 
is caused by genetic mutations leading to mutations in type 1 
collagen. These mutations alter properties of bone matrix and 
affect osteoblast function. The end result is compromised bone 
quality putting these patients at increased risk of fractures starting 
in their childhood and continuing into adulthood. A study in 2014 
looked at the use of teriparatide in patients with osteogenesis 
imperfecta (OI). In this study, 79 adults with OI were randomized 
to receive teriparatide or placebo for 18 months in a double-blind, 
placebo-controlled trial. There was an increase in lumbar spine 
BMD (~6.1% increase compared to ~2.8% increase; p<0.05) and 
total hip BMD (~2.6% increase vs ~2.4% decrease; p<0.001) in the 
teriparatide group. Vertebral BMD increased in the teriparatide 
group, while a decrease in vertebral BMD was observed in the 
placebo group (~18% increase vs ~5.0% decrease; p<0.05) [13].

Bisphosphonates
Studies using bisphosphonates in CP patients have shown a 

decrease in pathologic fractures and an increase in Z-score. In 
one study by Henderson et al., at 18 months post treatment there 
were zero fractures in the group treated with the bisphosphonate 
pamidronate compared to three fractures in the placebo group. 
There was an increase in BMD by 89% (SD 21) in the metaphyseal 
region of the distal femur compared to 9% (SD 1) in the control 
group. Z score was seen to improve from -4 (SD 0.6) to -1.8 (SD 
1) with pamidronate [1]. Bisphosphonates work by inhibition of
osteoclast activity at the cellular level. By decreasing the bone
resorption by osteoclast, bisphosphonates lead to an increased
amount of bone. This class of drugs is limited by its multitude
of adverse effects. With oral therapy, bisphosphonates are
well recognized as a cause of esophageal irritation and erosion.
Among the more severe complications is osteonecrosis of the
jaw [14,15]. These complications can limit bisphosphonates use
as long-term therapies of osteoporosis. Additionally, long-term
studies of bisphosphonates use in CP patients is lacking.

In children with OI, studies using bisphosphonates showed 
reduced bone turnover, higher BMD, improved structure and 
lower fracture rates. In adults with OI there are fewer studies 
to evaluate treatment with bisphosphonates. Studies available 
show an increase in BMD but without a significant decrease in 
fracture rates [16-19].

Discussion and Conclusion
As CP patients enter adulthood they are at increased risk of 
pathologic fractures. These pathologic fractures are associated 
with increased morbidity and mortality in the general population 
as well as the CP population. CP patients are a small portion of 
this population but as they continue to live longer there is an 
increasing need for effective fracture prevention.

Bisphosphonates have been widely studied in the use of CP 
associated osteoporosis. Long term use with bisphosphonates 
are limited by its multiple adverse events. PTH analogues are 
a therapy that has been developed and studied in primary 
osteoporosis but its utility in CP patients is unknown due to lack 
of studies. Further research into the use of PTH analogues need 
to be performed to assess the benefit in CP related osteoporosis. 
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