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Introduction

Alkaptonuria is a rare autosomal recessive metabolic 
disorder that involves a deficiency in the enzyme homogentisic 
acid oxidase (HGD) [1]. This deficiency leads to an accumulation 
of homogentisic acid (HGA). Early signs of alkaptonuria involve 
excess HGA being excreted in the urine, which can be observed as 
a dark pigment in the urine upon oxidation or alkalinization. Later 
signs involve degradative changes to connective tissue, which 
can be observed intraoperatively as deposits of dark pigment in 
tendons and joints [2]. This phenomenon is defined as ochronosis. 
The most significant complications of alkaptonuria ochronosis are 
ochronotic arthropathy, cardiovascular ochronosis, genitourinary 
tract obstruction, and ocular and cutaneous ochronosis [1]. 
Musculoskeletal involvement is a very serious complication 
of this disorder [2]. The mechanism by which HGA deposits in 
connective tissue is relatively unknown, but it is hypothesized 
the deposits cause cartilage to become brittle which decreases 
elasticity, leading to fragmentation. These degradative changes 
lead to the common ochronotic arthropathy that is observed 
with alkaptonuria [3]. The most common joints to be affected 
are weight bearing joints, with the spine and knee being the 
most prevalent. The spine is most often the first to show signs of 
ochronotic arthropathy, which includes loss of lumbar lordosis, 
disc prolapse, and osteophyte formation [4]. It is also common to 
observe degradative changes to tendons, which can be recognized 
intraoperatively with dark deposits in the tissues. Involvement of  

 
the Achilles tendon and patellar tendon are the most common [5]. 
Here we present a case of a patient who was presented at the age of 
40 with multiple musculoskeletal manifestations of alkaptonuria, 
including severe ochronotic arthropathy of the spine and bilateral 
Achilles tendon involvement.  

Body

The pathophysiology of alkaptonuria starts with the inability 
to break down HGA due to mutations in the homogentisate 
1,2-dioxygenase (HGD) gene, resulting in a defective enzyme. This 
defect results in elevated levels of HGA. More recent studies have 
further investigated the mechanism by which HGA accumulation 
is producing the pathologic changes seen in patients with 
alkaptonuria. HGA has been hypothesized to be the driving force 
behind local inflammation and oxidation in the affected tissue [6]. 
HGA induced protein oxidation, which subsequently leads to lipid 
peroxidation (LPO), has been shown to play a key role in cartilage 
degradation [7]. LPO produces HCN which alters cell viability 
and the metabolic activity of chondrocytes, leading to cell death 
of chondrocytes [7]. These degradative changes at the cellular 
level leads to complex changes seen on a larger scale, such as the 
ochronotic arthropathy seen in AKU.

Ochronotic arthropathy characteristically presents early 
onset spinal and large joint changes. It is defined by the ochronotic 
pigment deposits in the cartilage of the joints. These deposits lead 
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to the degradative changes seen in patients with alkaptonuria. 
Taylor et al. [8] describes the pathophysiology behind the 
degradative joint changes at the cellular level. Ochronotic pigment 
deposition increases the stiffness of the cartilage, making the 
matrix more susceptible to mechanical damage. Therefore, 
joints that endure significant mechanical stress are first to show 
symptoms. Further histologic evaluation of the chondrocytic 
changes in AKU samples showed abnormalities in cellularity, with 
zones of flattened ellipsoidal chondrocytes localized to regions 
of damage, increased lipid peroxidation corresponding to areas 
of increased oxidative stress and increased apoptotic bodies [7]. 
The clinical signs and symptoms of a patient experiencing these 
degradative changes will first present with signs of arthropathy 
at an abnormally early age typical for osteoarthritis. Frequently, 
patients will present with these changes in the 4th decade of life. 

AKU patients presenting with spinal changes have commonly 
reported stiffness. Imrich et al. [9] showed the most common 
radiographic findings to be intervertebral disc space narrowing, 
calcifications, vacuum phenomena, and osteophytes. They also 
observed a higher severity score when the spinal changes were in 
the lumbosacral and thoracic region. 

The ochronotic pigment observed in the pathogenesis of 
joint degradation can also involve connective tissues, including 
tendon, heart, eyes, and ears. Due to the high collagen content in 
the tendons, there is a propensity to observe increased deposition 
of the ochronotic pigment. The accumulation of homogentisic 
acid inhibits collagen cross linking, ultimately compromising the 
integrity of tendon, leading to tendinopathy and tendon ruptures, 
with the patellar and Achilles tendons being the most common [4]. 

Figure 1: Common spinal findings include narrowing of intervertebral disc space, vacuum phenomenon, and osteoporosis. Presenting 
X-ray films from 2018 (A-C) and repeat X-rays from 2023 display (D-E) show progressive decreased joint space narrowing, loss of lumbar 
lordosis, endplate and facet degenerative changes, calcification of intervertebral discs and osteophyte formation, as well as levoscoliosis 
of the lumbar spine. 
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Figure 2: MRI findings typical of alkaptonuria include diffuse disc space narrowing, spinal stenosis and facet arthropathy. MRI imaging of 
sagittal STIR (A) Axial T2 L1-L2 (B) Axial T2 L2-L3 (C) Axial T2 L3-4 (D) Axial T2 L4-L5 (E) Axial T2 L5-S1 (F) lumbar spine. 
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Figure 3: CT findings display spinal abnormalities noted on MRI. CT findings of thoracic (A) and lumbar (B) as well as 3D rendered images 
of CT scan in the thoracic (C-E) and lumbar (F-I) regions showing severe intervertebral disc space narrowing, minimal thoracic kyphosis, 
multilevel disc space narrowing with bone spurring, vacuum disc phenomenon. 
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Case Presentation

Patient is a 40-year-old Caucasian male with a history of 
bilateral Achilles tendon ruptures, degenerative spine changes, 
and discoloration of urine. In 2017, the patient was presented with 
a partial, acute, spontaneous right Achilles tendon rupture. The 
posterior aspect of the tendon remained intact, but the anterior 
portion was disrupted. The tendon was repaired with #2 Fiber 
Wire sutures in a whipstitch fashion with 4.75mm SwiveLock 
anchors. The repair was supplemented with a gastrocnemius 
resection lengthening via the Vulpius procedure, as there was a 
significant gap following repair. Tendinous discoloration was not 
noted at this time. The postoperative course was unremarkable. 
In 2018, the patient presented with complaints of lower back pain 
and displayed signs of degenerative disc disease and levoconvex 
lumbar spinal curvature (Figure 1). CT and MRI revealed severe 
intervertebral disc space narrowing, minimal thoracic kyphosis, 
multilevel disc space narrowing with bone spurring, and 
vacuum disc phenomenon. CT of the lumbar spine confirmed 

spinal abnormalities previously seen on MRI (Figures 2 & 3). 
Conservative management for low back pain was initiated at this 
time. In December of 2021, the patient presented with acute, 
spontaneous distal contralateral left Achilles rupture. At this time, 
a blue-black discoloration was noted within the Achilles tendon 
(Figure 4). As the Achilles tendon was not amenable to repair, it 
was decided to supplement it with a flexor hallucis longus (FHL) 
tendon transfer. The FHL was whipstitched with Fiber loop 
and fixation was augmented with an Endo button through the 
calcaneus and Biotenodesis screw fixation. Tendon samples were 
sent to the lab for tendon culture and anaerobic culture, which 
was negative. The post-operative course was uncomplicated. 
In 2023, the patient presented with an interval increase in low 
back pain (Figure 1). At this time, the patient was referred to pain 
management for a continuation of conservative management. The 
patient was tested for homogentisic acid deficiency, which was 
markedly elevated (836 mmol/mol creatinine; ref values <11). 
This value was diagnostic for alkaptonuria. 

Figure 4: Ochronotic deposition in tendons leads to rupture. Dark ochronotic deposits can be observed intra-operatively within tendons. 
These deposits lead to compromised tendon integrity and can lead to tendon ruptures. 
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Conclusion

Alkaptonuria is a rare metabolic disease that results in a 
multitude of degenerative changes in collagen rich areas of the 
body. Early onset of ochronotic arthropathy consistently presents 
in the spine, leading to long term debilitating changes. Tendon 
involvement presents as tendon ruptures, commonly in the 
Achilles, due to the accumulation of ochronotic pigment, resulting 
in compromised tendons that are more susceptible to rupture. 
These common signs of alkaptonuria were seen in the patient 
discussed in this case, showcasing the importance of being able 
to distinguish a rare underlying condition, such as alkaptonuria, 
during multiple musculoskeletal pathologies. 
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