
Introduction
Alkaptonuria is a rare autosomal recessive genetic disorder. It is 
present in 2–5 per million live births [1]. It is among the first 
genetic disorders described in humans that followed the 
Mendelian recessive inheritance principles. It was historically 
used by Archibald Garrod to illustrate “inborn errors of 
metabolism” principles in his Croonian lectures. The first case of 
alkaptonuria dates back as far as 1500 BC in the Egyptian 
mummy Harwa. This disease was discovered in 1866 by 
Virchow, who noticed the homogentisic acid pigment which was 

pale brownish yellow color (ochre-like) under microscopy [2].
Alkaptonuria results in dark brown pigmentation of connective 
tissues including cartilage and joint capsule that can often lead to 
arthropathy of large joints [3]. The organ systems usually 
affected are musculoskeletal, genitourinary, cardiovascular, eye, 
and skin [4].
Even though it causes osteopenia and osteoporosis of the bones, 
fractures are unusual which is evident from the limited literature 
available. This article describes a fractured neck of the femur in a 
60-year-old lady with undiagnosed alkaptonuria managed at a 
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Introduction: Alkaptonuria is a rare autosomal recessive genetic disorder found in 2–5/million live births. It results in dark brown pigmentation 
of connective tissues including cartilage and joint capsule that can often lead to arthropathy of large joints. However, bone fractures are unusual. 
This article describes a fracture neck of the femur in a patient with undiagnosed alkaptonuria managed at a rural center.
Case Report: A 60-year-old daily wage laborer with previously pain-free hips presented with sudden onset pain in the left hip while walking with 
no prior history of trauma. Radiographs showed a displaced fracture of the neck of the left femur. She underwent Left hip hemiarthroplasty. 
Intraoperatively, her soft-tissue including the joint capsule and the femoral head had dark brown pigmentation. Postoperatively, her urine was 
tested and the same turned black supporting the clinical diagnosis of alkaptonuria. At her 1-year follow-up, she had a painless, stable, and mobile 
hip.
Conclusion: We report a rare and unique case of neck of femur fracture in a patient with alkaptonuria treated with hemiarthroplasty in a 
resource-limited hospital in rural India. It is essential to consider the possibility of this condition when we come across a patient with an atypical 
fracture presentation. This article also presents an overview of alkaptonuria with a discussion on etiopathogenesis, clinical presentation, 
diagnosis, and management.
Keywords: Hemiarthroplasty, ochronosis, black pigment, homogentisic acid.

Abstract

Learning Point of the Article:
Suspicion of the possibility of alkaptonuria in a patient with atypical fracture presentation is important.
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rural resource-limited center in central India. We have also 
reviewed the etiopathogenesis, clinical features, and 
management of alkaptonuria from the available literature.

Case Report
A 60-year-old lady who was socially active and worked as a daily 
wage laborer on an agricultural farm presented with an acute 
onset of pain in her left hip and an inability to weight bear. There 
was no history of recent trauma or fever. She did not have 
complaints of hip pain before this episode. She did not have any 
known medical illnesses although she was taking over-the-
counter medications for breathlessness. She chewed tobacco for 
over 20 years and consumed alcohol for over 10 years. She was 
independent in her activities of personal care and hygiene. On 
examination, she was conscious, alert, and oriented to time, 
place, and person. Her vital signs were stable. Her left lower limb 
was shortened and externally rotated. She had left hip anterior 
joint line tenderness. Left hip range of movements was painfully 
restricted. She did not have any distal neurovascular deficits.
A plain radiograph of the left hip showed a displaced fracture of 
the neck of the left femur (Fig. 1). She was offered left total hip 
arthroplasty due to her age and activity level to which she 
refused due to financial constraints. Therefore, she was planned 
for a left hip hemiarthroplasty; the same was performed 
through a modified Hardinge approach to the hip in the lateral 
position under spinal anesthesia. Intraoperatively, her soft-

tissues including the joint capsule were thickened and had dark 
brown pigmentation. After exposure of the hip joint, the 
femoral head was extracted and the acetabulum was inspected. 
It was found that the femoral head and the acetabular cartilage 
had dark brown pigmentation; however, there were no defects 
in the cartilage cap (Fig. 2). Left hip hemiarthroplasty was 
completed as planned. The left hip was stable post-reduction.
In the post-operative period, a clinical diagnosis of alkaptonuria 
was made and the same was further tested with her urine, which 
turned black on exposure to air. We screened her immediate 
family members after informed consent with the same urine test 
which revealed a positive test in two of them as well. The 
confirmatory urine homogentisic acid (HGA) test could not be 
performed due to the lack of access to the same. Her post-
operative period was uneventful. The post-operative 
radiograph showed a satisfactory implant position (Fig. 3). She 
was started on full weight-bearing ambulation on the third post-
operative day. She had a painless, stable, and mobile hip on 
further follow-up in the outpatient department. Her latest 
follow-up was 13-month post-surgery. She was not on any 
medications for pain. She was able to stand without support but 
required a cane to walk longer distances due to pain (Fig. 4). She 
was independent in her activities of personal care and hygiene. 
Due to the difficulty in walking, she was not employed since the 
surgery and was not active socially. She lived with her son’s 
family and was dependent on them financially.74
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Figure 1: Preoperative radiographs; Plain radiograph of pelvis with 
bilateral hips anteroposterior view showing a displaced intracapsular 
fracture of the neck of the left femur.

Figure 2: Intraoperative images; Photograph of extracted head of 
the left femur showing dark brown/black pigmentation of the 
cartilage.
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Discussion
There are a good number of publications on alkaptonuria 
presenting with arthritis but there are only a handful of case 
reports in the context of fractures. Ranganath et al. [5] 
described two cases of advanced alkaptonuria with coexisting 
osteoporosis. One patient developed multiple non-vertebral 
fragility fractures and the other patient developed vertebral 
f ragi l it y f ractures w hi le on nit isinone therapy and 
bisphosphonates therapy. Both were managed non-operatively 
with teriparatide injections for 2 years. Zacharia et al. [6] 
reported a patient with alkaptonuric ochronosis and scoliosis 
who suffered a fractured neck of the femur. This patient was 
planned for hip arthroplasty, but due to operative difficulties 
underwent hip excision arthroplasty. She was followed up for 3 
years and was ambulant with a painless limp. Fisher et al. [7] 
reported a 69-year-old woman with alkaptonuria presenting 
with a low-energy trauma and distal femur fracture despite 2 
years of alendronate therapy. She also had a history of severe 
arthritis requiring joint replacement surgeries in her right hip 
and both knees and aortic valve replacement surgery for severe 
aortic stenosis. She underwent retrograde femoral nailing 
following which she recovered well. Collins et al. [8] reported a 
63-year-old man with alkaptonuric ochronosis who sustained a 
stress fracture of the neck of the left femur which necessitated 
surgical repair and recovered without any complications. 
Similarly, a stress fracture of the right femoral neck in a 73-year-
old woman with alkaptonuria was reported by Park et al. [9] She 
recovered well after a total hip arthroplasty, and the right hip was 
pain-free at the 1-year follow-up.
Alkaptonuria results from the deficiency of the enzyme 
Homogentisic acid 1,2 dioxygenase (HGD). This enzyme is 
found in the kidney, liver, colon, small intestine, and prostate 

[10] and plays an important role in tyrosine metabolism. In its 
absence, homogentisic acid (HGA) is produced in excess by the 
liver, which in turn is oxidized into an ochronotic pigment 
polymer that accumulates in the tissue causing ochronosis.
The triad of alkaptonuria includes homogentisic aciduria, 
ochronosis, and ochronotic osteoarthropathy. The clinical 
features of alkaptonuria are secondary to ochronosis [7, 11, 12, 
13, 14, 15]. It causes grey pigmentation of the sclera, ear 
cartilage, and skin. The respiratory reserve is decreased leading 
to restrictive lung disease. It affects the cardiovascular system 
causing arrhythmias and, an increase in the risk of coronary 
artery disease and valvular heart diseases including aortic 
stenosis and aortic regurgitation. It causes peripheral 
neuropathy, diplopia, and cerebrovascular accident. There is an 
increased incidence of gall bladder, renal, and prostatic stones. 
Our patient was neither diagnosed nor evaluated for 
alkaptonuria. Her history of intake of medications for 
breathlessness could be suggestive of restrictive lung disease or 
heart disease secondary to alkaptonuria. The patients in the 
other case reports had advanced ochronosis with systemic 
symptoms of the complications of alkaptonuria.
The pathogenesis of alkaptonuria leading to osteoarthropathy 
is still unclear. It is found to be associated with loss of elasticity 
and increased hardness of hyaline cartilage [16]. The 
ochronotic pigment gets impregnated into the cartilage causing 
it to break down into fragments, especially in weight-bearing 
areas like the hip [17]. The bone changes in alkaptonuria are 
less severe than the cartilage changes. Even though the bone 
changes induced are similar to the changes in other connective 
tissues, the severity of the former appears to be limited because 
of calcification and bone remodeling. Furthermore, the bone 
collagen fibrils prevent the detrimental effects of the ochronotic 
pigment as they are encrusted by minerals and also because the 
new osteoid matrix remains uncalcified for too short to be 
modified by the ochronotic pigment [18]. Aliberti et al. [19] 
reported an increase in biochemical markers of bone resorption 
(increased urinary crosslinked N-telopeptides of collagen Type 
I) and an almost normal bone formation. This was seen in six 
out of the seven ochronotic patients indicating accelerated bone 
loss resulting in reduced bone mineral density.
Ochronotic osteoarthropathy could cause premature 
arthropathy of the large and weight-bearing joints mainly in the 
spine, hips, knees, and shoulders. It affects the spine as early as 
the third decade and other joints often several years later; these 
could require joint replacement surgeries [7, 20]. The 
intervertebral discs in ochronotic spondyloarthropathy have 
extensive calcification which is characteristic and also shows a 
vacuum phenomenon. This is different from degenerative 
intervertebral discs and more closely resembles cartilage 
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Figure 3: Post-operative radiographs; Plain radiograph of left hip 
anteroposterior and lateral view showing a cemented hip hemiarthroplasty 
prosthesis in situ.
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brittleness and 
f rag m entat i o n 
t h a t  o c c u r  i n 
peripheral joints. 
Involvement of 
small joints of 
hands and feet 
typically seen in 
r h e u m a t o i d 
a r t h r i t i s  a n d 
features such as 
t h e  b a m b o o 
spine,  annular 
c a l c i f i c a t i o n , 
e r o s i o n ,  a n d 
sacroiliac fusion 
typically seen in 
a n k y l o s i n g 
spondylit is  do 
n o t  o c c u r  i n 
o c h r o n o t i c 
spondyloarthrop
athy.
At present, there 
i s  n o  c u re  f o r 
a l k a p t o n u r i a . 
Tr e a t m e n t  i s 
m a i n l y 
symptomatic and 

palliative like pain control, physiotherapy, and joint 
replacement surgeries. Vitamin C therapy is usually prescribed 

due to its ability to decrease the oxidation of HGA. However, 
there is no decrease in the urinary excretion of HGA even with 
Vitamin C therapy [11]. A low-protein diet can reduce the 
severity of the disease by reducing the tyrosine load. Nitisinone, 
a triketone herbicide has been shown to have a significant 
impact on alkaptonuria treatment. It inhibits the conversion of 
tyrosine to HGA. It results in reduced HGA levels in plasma and 
urine. But it causes increased levels of tyrosine in the body. This 
can lead to leukopenia, thrombocytopenia, porphyria, and 
corneal irritation [10, 11, 21]. The life expectancy of patients 
with alkaptonuria is usually normal; however, they have a 
significant decrease in the quality of life from as early as the 
fourth decade onwards, with symptoms such as lack of sleep, 
pain, and difficulty in breathing [10]. Hence, patient education 
and awareness are very crucial in this disease.

Conclusion
We report a rare case of fractured neck of the femur in an 
undiagnosed alkaptonuria patient treated w ith hip 
hemiarthroplasty at a resource-limited rural hospital in India. 
Active follow-up at their home, screening of family members, 
education, and management of the manifestations of this 
disease is essential to treat such patients from remote villages 
who would otherwise not seek any medical care.

Clinical Message

Even though it is a rare disorder, suspicion and recognition of 
alkaptonuria preoperatively and intraoperatively are important in a 
patient presenting with hip fracture following trivial or no history of 
trauma.
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Figure 4: Post-operative images; Photograph of 
the patient postoperatively standing without 
support.
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