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A B S T R A C T   

Two cases of advanced alkaptonuria (AKU) with co-existing osteoporosis are described. Case 1 developed 
multiple non-vertebral fragility fractures, while Case 2 developed vertebral fragility fractures, both refractory to 
bisphosphonates. Difficulties in diagnosing osteoporosis in AKU complicated by extensive calcifying and ossi-
fying spondylosis are discussed. Both patients continued to fracture despite nitisinone therapy for metabolic 
control of AKU, as well as bisphosphonate antiresorptive therapy for osteoporosis. Subsequently the patients 
were treated with teriparatide 20 μg subcutaneous injections daily for two years, leading to reduction in fractures 
soon after commencing therapy in both cases. Markers of bone remodelling P1NP and CTX were stimulated. No 
complications due hypercalcaemia or calcification were encountered in either case. We conclude that teripara-
tide is an effective adjunct in the treatment of AKU when bisphosphonates prove ineffective.   

1. Introduction 

Abnormalities of the homogentisate 1,2 dioxygenase (HGD; EC 
1.13.11.5) gene, which maps to the human chromosome 3q21-q23, re-
sults in the autosomal recessive disorder alkaptonuria (AKU; OMIM 
203500), a multisystem disorder with a general prevalence of approxi-
mately 1: 250,000–1,000,000 (La Du et al., 1958; Phornphutkul et al., 
2002; O'Brien et al., 1963). Absence of HGD leads to the failure to 
breakdown homogentisic acid (HGA) resulting in ochronosis, the 
deposition of pigment in connective tissues including cartilage (Zannoni 
et al., 1969; Ranganath et al., 2019). Ochronosis makes connective tis-
sues brittle and liable to degradation (Taylor et al., 2011). The symp-
toms of AKU are the result of ochronosis-mediated tissue damage, and 
include pigmentation in ears, eyes and skin, as well as lithiasis (kidney, 

prostate, gall bladder, salivary), renal failure, osteopenia, fracture, 
ruptures (tendon, ligaments, muscle), spondylo-arthropathy (weight- 
bearing regions), kyphosis, scoliosis and osteoarthritis (Ranganath and 
Cox, 2011; Cox and Ranganath, 2011). There is now an efficacious 
therapy in AKU (Ranganath et al., 2020) nitisinone, an inhibitor of 
hydroxyphenylpyruvate dioxygenase (HPPD; EC 1.13.11.27), which 
potently and rapidly decreases HGA. 

Although alkaptonuria is sometimes referred to as “black bone dis-
ease”, mineralised bone matrix does not become pigmented possibly 
because the mineral prevents HGA binding to collagen. Despite the lack 
of ochronosis in bone, the risk of osteoporosis in AKU has been under-
estimated. For example, an influential review of 58 confirmed AKU 
patients did not mention osteoporosis or fractures (Phornphutkul et al., 
2002). However, it has recently been shown that osteoporosis and 
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fractures are common features of AKU (Ranganath et al., 2021). Focal 
osteoporosis, possibly as a result of stress shielding by ochronotic 
cartilage, and excessive osteoclastic activity leads to thinning of 
trabeculae and subchondral plates in affected joints (Taylor et al., 2011) 
and aberrant bone formation which can lead to the formation of 
trabecular excrescences (Taylor et al., 2012). These latter structures 
involve templating of bone by adipocytes and possibly synthesis of 
matrix by these cells. There is also generalised osteopenia in vertebral 
and non-vertebral sites, leading to fractures. One small survey has 
indicated that the frequency of osteopenia and fractures in a cohort of 15 
AKU patients was 46.7 and 53.3% respectively (Ranganath and Cox, 
2011). Brunetti et al. reported that in a cohort of 7 adult AKU patients 
while lumbar spine T-score was inside the normal range, femoral T-score 
reached osteopenic levels. Furthemore higher circulating RANKL and C- 
terminal telopeptide of collagen type 1 and lower osteoprotegerin levels 
were observed than in controls (Brunetti et al., 2018). Additionally, 
spontaneous osteoclastogenesis and high percentage osteoclast pre-
cursors in peripheral blood mononuclear cell cultures were detected in 
two children with AKU (Brunetti et al., 2018). Spinal fracture has been 
reported previously by a few authors (Millea et al., 1992; Paniagua et al., 
2015; Wu et al., 2019). 

There is no evidence that nitisinone stabilises BMD or prevents 
fractures in AKU. Furthermore, there is no evidence that oral 
bisphosphonates, can reverse the bone loss process or prevent fractures 
in ochronotic osteoporosis, even though it is used as the mainstay of 
treatment (Aliberti et al., 2007; Zacharia et al., 2009). A recent study of 
87 patients (55 men and 32 women) attending the United Kingdom 
National Alkaptonuria Centre at the Royal Liverpool University Hospital 
(NAC) revealed a high risk of bone loss and fractures in AKU (Ranganath 
et al., 2021). 

We report two patients with AKU attending the NAC with advanced 
AKU complicated by osteoporosis and recurrent fractures despite 
bisphosphonate therapy. We describe our experience with teriparatide 
(1–34) therapy in these two patients. 

2. Case reports 

2.1. Case 1 

A Caucasian female, 61 years of age, with AKU diagnosed at 53 years. 
Discolouration of her eyes and ears appeared in her late thirties. A small 
pigmented macule appeared on the chin in her late forties. A skiing 
accident at the age of 17 years caused damage to ligaments and tendons. 
A torn hamstring followed in 2005. Cervical, thoracic and lumber spine, 
knee, hip, ankle, feet, shoulder and hand, were painful. She had lost 4 in. 
in height. Activity levels remained excellent with walking 3–5 miles 
regularly. She was a non-smoker and consumed 14–20 units of alcohol 
per week. Medications included omega fish oils, vitamin C 1 g daily, as 
well as glucosamine and chondroitin sulphates, paracetamol and 
ibuprofen since 2000. A five-year course of post-menopausal oestrogen 
replacement therapy followed at age 50 years. Stress fractures of the 
right tibia and right fibula followed at age 60 and 61 years respectively. 
Left total hip replacement for ochronotic osteoarthropathy followed at 
age of 59 years. 

BMI was 20.1 kg/m2 with a weight of 50.2 kg. Her blood pressure 
was initially labile at around 146/90 mmHg. Her chest expansion was 8 
cm. Her peak expiratory flow rate was 400 l/min. Pulse was 75/min 
regular and felt in all accessible peripheral arteries. She had Dupuytren's 
contracture in the right hand. Pigmentation was noted in both her eyes 
and ears (Fig. 1). Kyphoscoliosis was also noticed. 

2.1.1. Investigations 
X-ray of the thoracic and lumbar spine showed widespread spondy-

lotic changes associated with distal calcification and osteophyte for-
mation. There was lumbar scoliosis as well as fused vertebrae at T12-L2., 
T10-T11 and T5-T7. MRI Scan of the spine showed widespread 

spondylotic change with spinal fusion. No vertebral fractures were 
noted. The F18 PET CT Bone scan showed active arthropathy in both 
shoulders, several vertebrae in the cervical, thoracic and lumbar spines, 
right ankle and the left mid foot. Linear and intense tracer uptake in 
three right lower ribs suggested low-trauma or stress fractures. A stan-
dard echocardiogram showed slightly thickened mitral and aortic 
valves, which opened well and were not stenosed. DEXA assessment was 
made using DXA scanner GE iDXA 2005. QCT Images were acquired on 
GE PET-CT Discovery 690; 2010. Software analysed using QCTPRO 
provided by Mindways 2010. 

2.1.2. Treatment and progress 
She started nitisinone 2 mg oral in June 2012, along with dietary 

protein restriction (Table 1). In 2013, further stress fracture in the tibia 
in 2012 followed. Calcium and vitamin D supplementation, as well as 
intravenous zoledronate 5 mg were then administered. Left hip, right 
shoulder and the left shoulder replacements followed at the ages of 59, 
62 and 63 years. F18 PET CT scintigraphic scan in 2014 suggested stress 
fractures of second right rib and several ribs in the left rib cage. Three 

A. Case 1

B. Case 2

Fig. 1. (A) Case 1 and (B) Case 2 showing scleral and auricular ochronosis.  
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further stress fractures in the metatarsals in the right foot followed 
(Fig. 2A & B). Additional investigations at this stage showed: Blood tests 
(reference range in brackets) – 25-hydroxycholecalciferol 114 nmol/l 
(>75); sodium 140 mmol/l (133–146), potassium 4.0 mmol/l (3.5–5.3), 
chloride 96 mmol/l (95–108), bicarbonate 25 mmol/l (22–29), urea 3.5 
mmol/l (2.5–7.8), creatinine 73 μmol/l (50–130), eGFR 70 ml/min 
(>60), anion gap 23 (6–16), glucose 4.5 mmol/l (3.5–6.0), adjusted 
calcium 2.31 mmol/l (2.2–2.6), phosphate 1.21 mmol/l (0.8–1.5), total 
protein 73 g/l (60–80), albumin 49 g/l (35–50), globulin 24, ESR 9 mm/ 
h (<20), haemoglobin 127 g/l (118–148), haematocrit 0.378 
(0.39–0.44), white blood count 7.1 × 109 (3.5–11), platelets 473 × 109 

(150–400). Her alkaptonuria metabolic data are shown in Table 1. Her 
bone metabolism data is shown in Fig. 3. Her bone mineral density 
studies are shown in Table 1. Coeliac disease, myeloma, hyperparathy-
roidism, vitamin D deficiency and hyperthyroidism were excluded. 

The patient continued to fracture despite bisphosphonates therapy 
and therefore teriparatide 20 μg daily subcutaneous self-injection was 
commenced in January 2015, with discontinuation of zoledronate (after 
nearly 5 years of bisphosphonates). A triple arthrodesis of the right foot 
was also carried out in October 2016. She had no further fractures after 
commencing teriparatide and she completed two years of teriparatide 
therapy in January 2017. She was then switched to denosumab 60 mg 
subcutaneous injection therapy with the first injection on 18th January 
2017. In November 2017, she underwent a right scarf or double chevron 
angulation peri-articular osteotomy and lateral release surgery to 
straighter her big toe. She then developed an abscess of the hard palate 
in the midline in December 2018, which was excised and histology 
consistent with osteonecrosis of the hard palate. She has not had any 
new fracture three years after teriparatide therapy. 

2.2. Case 2 

A Caucasian female, 65 years of age, was diagnosed with AKU 
following total left knee replacement at 54 years of age. Ascorbic acid 1 g 
daily was started. She had pigmentation of her ears, as well as black ear 
wax. She had no fractures or ruptured tendon, muscle or ligament. 
Cervical, thoracic and lumbar spine, knees, hips and shoulders were 
painful, requiring naproxen and cocodamol. She had noticed increasing 
kyphosis. She was a non-smoker and consumed 2 units of alcohol and 
had never smoked. Her menarche was at the age of 14 years. Oestrogen 
replacement therapy followed for five years at 39 years following a 
surgical menopause. Total right hip replacement, total left hip replace-
ment, total left shoulder replacement, total right knee replacement, total 
right shoulder replacement, and a revision right shoulder surgery fol-
lowed at 55, 57, 58, 60, 61, and 62 years of age. 

She was 1.56 m with a weight of 66 kg and a BMI of 27 kg/m2. Blood 
pressure was 142/80 mmHg. Chest expansion was 4 cm. Peak expiratory 
flow-rate was 350 l/min. Pulse was 83 per minute regular and felt in 
accessible peripheral arteries. Ochronotic pigmentation in the nails of 
the hands, eyes, ears and epiglottis (Fig. 4) were observed. Restricted 
spinal movements were seen in all planes, with bony enlargement in 
small joints of the hands, and bilateral hallux valgus deformity. 

2.2.1. Investigations 
Transthoracic echocardiogram demonstrated a thickened but not 

stenosed mitral valve, with mitral annulus calcification. The aortic valve 
was also thickened but not stenosed, but with dilated aortic sinus and 
ascending aorta. MRI of spine revealed asymptomatic mild wedge 
chronic insufficiency fractures of T6-T9 and chronic insufficiency 
vertebral inferior endplate fracture at L4 despite an X-ray of the spine 
showing no fracture, and alendronate 70 mg was begun. End-stage 
changes at the intervertebral discs of the thoracic and lumbar spine, 
with multiple segment fusions of T7 to T9, T10 to T11 and T12 to L4 
were seen. F18 PET CT scintigraphic scan showed active extensive 
arthropathy in the cervical, upper thoracic, mid thoracic and lumbar 
regions, both acromioclavicular joints, right 5th rib costo-transverse 

Table 1 
Metabolic, bone mineral density and Bath indices data before and after nitisi-
none in Case 1 and 2.  

Metabolic data before and after nitisinone in Case 1 and 2.  

Serum 
homogentisic 
acid μmol/l 

Serum 
tyrosine 
μmol/l 

Serum 
nitisinone 
μmol/l 

Daily urine 
homogentisic acid 
excretion μmol/24 
h 

Case 1 
Baseline 

(V1)  
75  82  <0.2  24,260 

12 
Months 
(V3)  

4.7  422  1.4  357 

24 
Months 
(V4)  

<3.1  778  1.1  541 

36 
Months 
(V5)  

2.3  915  1.0  361 

48 
Months 
(V6)  

1.3  762  1.7  355 

60 
Months 
(V7)  

<3.1  598  1.1  274 

72 
Months 
(V8)  

<3.1  742  1.5  211  

Case 2 
Baseline 

(V1)  
16.7  50  <0.2  17,272 

12 
Months 
(V2)  

<3.1  1127  0.8  173 

24 
Months 
(V3)  

3.4  1224  0.9  187 

36 
Months 
(V4)  

<3.1  895  1.2  154 

48 
Months 
(V5)  

<3.1  1002  1.2  96 

60 
Months 
(V6)  

2.1  707  0.9  188 

72 
Months 
(V7)  

<3.1  1135  1.0  156   

Bone mineral density (BMD) and Bath indices data before and after teriparatide    

Baseline Pre- 
teriparatide 

Post- 
teriparatide 

Case 
1 

DEXA Neck of 
femur 

− 2.6  − 2.5 

Total hip –  – 
L2-L4 − 1.5  +1.7 

CTBMD Neck of 
femur 

− 2.97  − 3.1 − 3.2 

Total hip − 3.62  − 3.73 − 3.71 
L2-L4 − 3.78  − 3.42 − 2.3 

Case 
2 

DEXA L2-L4   +0.2 
CTBMD L2-L4 − 4.31  − 5.01 − 4.38 

Case 
1 

BASDAI 5  6.09 4.93 
BASFI 3.8  3.26 3.9 
BASMI 4.0  3.2 3.4 

Case 
2 

BASDAI 4.29  7.35 7.8 
BASFI 4.6  5.6 4.5 
BASMI 6.5  7.4 7.7  
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articulation, symphysis pubis, both sacroiliac joints, both calcaneal tu-
berosities and the right first metatarsophalangeal joint. 

2.2.2. Treatment and progress 
Medication administered by the General Practitioner included cal-

cium and vitamin D and alendronate 70 mg weekly, cocodamol, lanso-
prazole, naproxen, ascorbic acid, and salbutamol inhaler. Following her 
referral to the NAC in February 2014, Nitisinone 2 mg oral daily along 
with dietary protein restriction was started. Partial rupture of the right 
Achilles tendon followed in November 2014, requiring topical lidocaine 
plasters. In 2015, F18 PET CT scintigraphic scans revealed new uptake at 
multiple lateral rib sites on both sides of the thoracic cage indicating the 
development of stress or insufficiency fractures. (Fig. 5). MRI whole 
spine in 2015 showed an increased in the kyphosis however no 
discernible change related to the known chronic vertebral fractures. In 
addition, endplate uptake at multiple vertebral levels on the F18 PET CT 
scintigraphic scan persisted on 2015 and 2016 studies. Patient devel-
oped back pain driving her car over a pothole in the road in 2017 and 
again in 2018. 

Teriparatide 20 μg subcutaneous daily self-injection replaced 
alendronate in January 2018. Additional investigations at this stage 
showed: Blood tests (reference range in brackets) – 25- 

hydroxycholecalciferol 60 nmol/l (>75); sodium 142 mmol/l 
(133–146), potassium 4.5 mmol/l (3.5–5.3), chloride 102 mmol/l 
(95–108), bicarbonate 26 mmol/l (22–29), urea 6.2 mmol/l (2.5–7.8), 
creatinine 61 μmol/l (50–130), eGFR 84 ml/min (>60), anion gap 19 
(6–16), adjusted calcium 2.37 mmol/l (2.2–2.6), phosphate 1.01 mmol/l 
(0.8–1.5), total protein 66 g/l (60–80), albumin 43 g/l (35–50), globulin 
23, ESR 2 mm/h (<20), haemoglobin 120 g/l (118–148), haematocrit 
0.359 (0.39–0.44), whie blood count 8.7 × 109 (3.5–11), and platelets 
199 × 109 (150–400). Her metabolic data are shown in Table 1. Her 
bone mineral density studies are shown in Table 1. A two-year course of 
teriparatide concluded in January 2020 with denosumab 60 mg sub-
cutaneous injections twice a year to follow. No further fractures have 
occurred since then. 

3. Discussion 

Two patients with advanced AKU are presented in this report char-
acterised by osteoporosis and fractures. Both patients had experienced 
numerous musculoskeletal events associated with AKU. Fig. 1 shows 
pigmentation in the sclera of the eyes and the ears in both patients. Case 
1 had more ochronotic pigmentation in the sclera and the ear and had 
more fractures. Ochronosis can lead to a reduction in bone mass by 

A B

Fig. 2. Case 1. X-rays of right foot showing (A) displaced fracture (arrow) at base of fifth metatarsal and (B) fractures with callus formation (two arrows) in shafts of 
second and third metatarsals. 
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altering the mechanical loading on the skeleton focally but there are 
systemic effects too. 

Osteoporosis, a systemic disease, is common and characterised by 
low bone mass and structural deterioration of bone tissue, with an in-
crease in bone fragility and predisposition to fracture. The causes for 
osteoporosis are innumerable and commoner ones include menopause, 
male hypogonadism, corticosteroid, and ageing. Osteoporosis and 
fragility fractures in the two cases presented in this report occurred in 
the presence of advanced ochronosis in AKU, which might therefore be 
considered a major cause. However, the coincidental co-existence of a 
common condition such as osteoporosis in a rare disease cannot be 
excluded. Secondary causes of osteoporosis were excluded in both pa-
tients and both were proven to be calcium and vitamin D replete. The 
two women presented here had history of previous oestrogen replace-
ment therapy. Case 2 experienced premature surgical menopause, and 
having received oestrogen replacement only five years, probably had 
more oestrogen-deprived lifetime years as a contributory factor in her 
osteoporosis and fractures. Case 1 had an apparently low normal BMI of 
20.1 kg/m2 despite significant loss of height masking her true values, 
and therefore could be considered as having slender habitus. She had 
always partaken high-intensity exercise, which could be additional 
factors in the cause of her fractures. The data in Table 1 shows markedly 

increased urine HGA daily excretion (uHGA24), as well as increased 
serum HGA (sHGA) in both case 1 and 2, much more in Case 1 than in 
Case 2. These data are consistent with an important role for HGA in 
osteoporosis. Following nitisinone treatment, there was a 99.1 and 96% 
decrease in uHGA24 and sHGA in Case 1 respectively, while it was 99.1 
and 81.1% respectively in Case 2. There was a suggestion of improve-
ment in vertebral BMD in Case 1 but a deterioration in Case 2 following 
nitisinone, although overall in these two patients nitisinone therapy 
alone did not prevent further fractures. 

Reliable recognition of osteoporosis is needed for prompt treatment 
to prevent fractures. According to the WHO criteria, osteoporosis is 
defined as a BMD that lies 2.5 standard deviations or more below the 
average value for young healthy women (a T-score of <− 2.5 SD), usu-
ally based on DEXA measurements (Shuster et al., 2008; Siris et al., 
2014). The standard DEXA measurement assumes that readings are 
generated from bone mineral, commonly the proximal hip bone or 
vertebrae L2–L4, with associated soft tissue or intervertebral discs not 
contributing to the signal. AKU is a condition where extensive calcifi-
cation and ossification of the spine accompanies spondylosis and can 
produce misleading DEXA spinal data as has been previously noted 
(Klingberg et al., 2012). This why CT BMD was used in the two patients 
presented in this report, and it is apparent that the DEXA spinal BMD 
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differs from the CT BMD; DEXA and CT BMD measurements in the hip 
were comparable. CT BMD in Case 2 predicted vertebral fracture but not 
DEXA BMD. In our experience, standard DEXA BMD should not be used 
to characterise bone mineral density in AKU at the spine, as it will un-
derestimate the degree of vertebral osteopenia compromising treatment 
decisions; it is possible that hip or wrist BMD T-scores are more reliable 
to predict fracture risk in AKU if DEXA is used. 

This difficulty in diagnosis of osteoporosis in AKU mirrors the situ-
ation in ankylosing spondylitis (AS) and diffuse interosseous skeletal 
hyperostosis (DISH), both of which show analogous spinal calcification 
and fusion (Klingberg et al., 2012; Nascimento et al., 2014; Diederichs 
et al., 2011). Osteoporosis complicates both AS and DISH and when 
fracture occur, are more likely to result in unstable significant 3 column 
spinal fractures with potential to compromise spinal cord function and 
frequently require surgical intervention, unlike insufficiency fractures of 

non-fused spines; therefore, accurate measurement of BMD is problem-
atic in these three conditions for diagnosis and treatment. Despite the 
ankylosis of AKU being similar to these fusion syndromes, displaced 
fractures compromising spinal cord have not been described in AKU to 
our knowledge. 

The mechanism of osteopenia in long bones has been attributed to 
ochronosis in cartilage in AKU (Aliberti et al., 2007). Careful ex vivo 
study of a hip following total replacement in an AKU patient showed 
severe juxta-articular loss of bone, as well as marked activation of os-
teoclasts (Taylor et al., 2011, this was attributed to the stress shielding of 
the overlying hardened articular cartilage (Gallagher et al., 2016). This 
process could explain the juxta-articular osteopenia seen in AKU joints, 
where collapse of the joint can occur (Shimizu et al., 2007). 

The mechanism of vertebral osteopenia in AKU is not well under-
stood. Immobility of the spine due to spinal fusion, present in both Case 

A

B

Fig. 4. Case 2: (A) CT component of F18 PET CT 2014 and (B) CT component of F18 PET CT 2015, equivalent slice. Arrows indicate sclerotic reaction related to 
bilateral rib stress/insufficiency fractures. 
Case 2: (C) maximum intensity projection (MIP) component of F18 PET CT 2014 and (D) Maximum intensity projection (MIP) component of F18 PET CT 2015, 
arrows indicate multiple sites of uptake at the lateral aspects of ribs on both sides consistent with stress or insufficiency fractures. 
Case 2: (E) MRI 2014 sagittal view and, (F) MRI 2016 sagittal view showing the mild increase in kyphosis of upper and mid thoracic spine. Both show no change of 
the chronic grade 1 insufficiency fracture of T6, T7, T8, T9 and L4. 
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1 and 2 likely contributed to bone loss. It is not known if the hardened 
calcified ochronotic intervertebral discs and ochronosis in the adjacent 
articular cartilage in the vertebrae, could similarly cause stress shielding 
and bone loss. It is surprising vertebral fractures are not more common 
in AKU where ochronotic spine is universally seen in all patients. It could 
be hypothesised that the calcified ‘cage’ around the vertebral bodies 
offers protection. 

Fractures recurred in our two patients despite bisphosphonate ther-
apy, raising questions of compliance, especially in Case 2 who was on 
oral alendronate. As mentioned earlier secondary causes of osteoporosis 
were excluded in both patients. Carboxy-terminal cross-linked telopep-
tide of type 1 collagen (CTX), a marker of bone resorption, and pro-
collagen type 1 amino-peptide propeptide (PINP), a formation marker 
were measured serially in serum in both cases in line with the recom-
mendations of the Bone Marker Working Group (Wheater et al., 2013; 
Vasikaran et al., 2011). Plasma CTX and P1NP were suppressed in Case 1 
at presentation due to already having started intravenous zoledronate. 
In Case 2 the low normal plasma CTX and PINP is consistent with a 
slower bisphosphonate effect on oral alendronate (Figs. 2, 3). Increased 
bone turnover remains coupled in untreated AKU patients and has been 
previously described by others (Phornphutkul et al., 2002; Aliberti et al., 
2003). The increased bone turnover in AKU justifies the use of anti- 
resorptive drugs as the first line, as in our two patients. However, both 
patients suffered further fractures despite bisphosphonate treatment, 

similar to previous experience (Wu et al., 2019). 
Another approved therapy in osteoporosis, which is anabolic rather 

than anti-resorptive, is parathyroid hormone administration (Neer et al., 
2001). PTH has long been known to have a direct effect on proliferation 
of osteoblasts (MacDonald et al., 1986) and more recently has been 
shown to promote bone formation by inhibiting the production of 
sclerostin and permitting the anabolic action of the Wnt pathway 
(reviewed in Silva and Bilezikian, 2015). Teriparatide (PTH 1-34) has 
been approved to treat post-menopausal women with osteoporosis, men 
with hypogonadal or idiopathic osteoporosis, and men and women with 
glucocorticoid-induced osteoporosis who are at high risk for fracture 
(Lindsay et al., 1997). Teriparatide has been used “off-label” for the 
management of fractures and non-unions (Babu et al., 2015) although 
other reports and a meta analysis suggest it is not effective (Zhongju 
et al., 2016). Teriparatide has been used previously in bisphosphonate- 
resistant osteoporotic fracture of AKU and showed anti-fracture efficacy 
22 months after completion of the course (Millea et al., 1992). 

In the two cases described in this report, teriparatide therapy was 
well tolerated. There was an increase in alkaline phosphatase, PINP and 
CTX in Case 1 and 2 following teriparatide consistent with a coupled 
bone turnover exhibiting a successful initial bone formation, more 
robust in Case 2 who did not receive intravenous zoledronate, followed 
by subsequent concurrent bone formation and resorption (Figs. 2, 3). 
The CT-BMD response was positive and improved in the vertebrae in 

C D

Fig. 4. (continued). 
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both Case 1 and 2 (Table 1). Most importantly both patients stopped 
fracturing during and after completion of the two-year course of ter-
iparatide. Both were eucalcaemic during their teriparatide treatment. 
Both patients also showed a convincing decrease in endogenous PTH 
secretion, starting soon after teriparatide therapy and returning to 
baseline after completion of treatment, similar to the findings reported 
previously and suggesting good compliance with daily teriparatide self- 
injection therapy (Figs. 2, 3) (Anastasilakis et al., 2008). 

We carefully considered whether it was safe for these two patients to 
commence teriparatide therapy since previous experience in AKU was 
extremely limited (Millea et al., 1992). PTH has been associated with 
unwanted calcification in several sites and in many studies (Iwata et al., 
2012; Koh et al., 1996; Orwoll et al., 1981; Sturdee and Bollen, 2004). 
There was concern that PTH therapy could lead to complication such as 
calcification of the spine and worsen functionality of the spine. The 
spondylosis in AKU resembles ankylosing spondylitis and therefore we 
used Bath indices to assess the spines (Garrett et al., 1994). The Bath 
indices in Table 1 show stable scores if not an improvement in both Case 

1 and 2, suggesting that teriparatide therapy did not worsen the spinal 
disease. The other concern was an adverse effect on cardiac calcification 
since a previous report described cardiac calcification with primary 
hyperparathyroidism (Iwata et al., 2012); both patients had normal 
functioning but ochronotic aortic and mitral valves with Case 2 also 
displaying mitral calcification. Serial echocardiograms however show 
no deterioration following teriparatide therapy in valve function or 
imaging in both cases. Of interest teriparatide has been used to very 
effectively to treat spinal osteoporosis and fractures in AS and DISH 
(Fattah et al., 2014; Iida et al., 2013).In summary, we present two cases 
of AKU complicated by osteoporosis and fractures, resistant to 
bisphosphonate therapy. The difficulties in accurately characterising the 
bone mineral density to correctly diagnose osteoporosis are demon-
strated in these two cases. Despite reported finding that osteoclastic 
activity and resorption are up-regulated in AKU (Brunetti et al., 2018; 
Taylor et al., 2011) both these patients continued to fracture following 
initiation of anti-resorptive bisphosphonates therapy. The occurrence of 
fractures ceased soon after starting teriparatide therapy and continues 

E F

Fig. 4. (continued). 
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beyond completion. Stimulation of osteoblastic activity by teriparatide 
therapy is safe and efficacious and an important adjunct in managing 
osteoporotic fractures in AKU, especially when anti-resorptive therapy is 
not successful. 
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