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Importance: Alkaptonuric shoulder arthropathy is a challenging clinical entity in arthroplasty. In this report, we describe an atypical 
presentation, technical considerations, a literature review, and some recommendations of significant benefits to shoulder surgeons.
Objective: The author’s objective in this report is to illustrate the deleterious metabolic effects of ochronosis on cartilage and the 
development of early arthritis.
Design: This is a case report study, done in May 2021.
Setting: Middle East, Jordan.
Introduction: Alkaptonuria is a metabolic disease of amino acid metabolism that can affect multiple organ systems, including the 
musculoskeletal system. The musculoskeletal system manifestations usually involve the spine, knee, and, uncommonly, the shoulder. 
Tissue ochronosis caused by alkaptonuria can cause significant damage to the joint and surrounding soft tissue envelope. In this case, 
we presented a patient who has end-stage glenohumeral arthritis and rotator cuff arthropathy secondary to ochronosis.
Case Presentation: In this case report, we present a 42-year-old male patient who presented to the clinic with severe right shoulder 
pain and limitations of the range of motion, especially with abduction. The patient underwent radiographic assessment, which showed 
a rotator cuff arthropathy combined with advanced degenerative changes of the right glenohumeral joint. The patient underwent 
reverse total shoulder arthroplasty. After the surgery and on follow-up later on for a period of one year and after a period of 
physiotherapy and rehabilitation, the patient showed remarkable improvement in the pain and range of motion.
Conclusion: Alkaptonuria can have a detrimental effect on the articular cartilage and the surrounding soft tissue envelope, which might 
manifest clinically as early degenerative arthritis changes in a young adult patient. Shoulder involvement is extremely rare and can manifest 
with substantial injury to the glenohumeral joint; whenever such extensive damage is present, shoulder arthroplasty is the best treatment.
Keywords: alkaptonuria, shoulder arthritis, glenohumeral arthritis, shoulder arthroplasty, reverse total shoulder arthroplasty

Introduction
Alkaptonuria is a metabolic disease with an autosomal recessive mode of inheritance.1 The disease is rare, with 
a prevalence of 1:250,000–1,000,000 worldwide.2 It is attributed to homogentisic acid oxidase deficiency and leads to 
failures in processing the amino acids phenylalanine and tyrosine.3 Eventually, this leads to the buildup of homogentisic 
acid and its subsequent polymerization with body collagen fibers. Most cases typically present with 
homogentisic aciduria, arthritis, and ochronosis.4 Homogentisic aciduria is caused by the partial renal clearance of 
homogentisic acid, which results in a dark urine color following its oxidation.5,6 Ochronosis is an inevitable complication 
of alkaptonuria.7 It is defined as the deposition of homogentisic acid in connective tissue, such as articular tissue.8 
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Mainly, this deposition affects weight-bearing joints (the spine followed by the knee).9,10 The shoulder joint is considered 
a rare joint to be affected by ochronosis.11 Currently, the treatment plan for alkaptonuria is symptomatic, and the definite 
treatment for arthropathy is joint replacement.12,13

Clinical features of alkaptonuria can start in early childhood with the blackish discoloration of urine; other systemic 
involvement then ensues. Around the age of forty, tissue ochronosis, kidney and prostate stones, and tendon ruptures 
develop.14 These changes are caused by a single gene defect and cause malfunctioning or inactive homogentisate 
1.2-dioxygenase (HGD), which is one of the main enzymes in tyrosine metabolism and is needed to break down 
homogentisic acid (HGA).15 When HGA cannot be converted into maleylacetoacetic acid and thus cannot be excreted, it 
causes elevated levels and the accumulation of HGA in the body.16

Management of degenerative arthritis secondary to alkaptonuria is pretty much the same as management of arthritis 
secondary to other etiologies.17 Conservative management in the form of analgesics and physical therapy is usually the 
first management modality. However, with the unrelenting metabolic process of accumulation of homogentisic acid, rapid 
arthritic changes ensue.18,19

In the medical literature, there were many cases of alkaptonuric arthropathy that affected more than one joint (eg, hip, 
knee), but there were not many about the shoulder and how the case was treated. The use of shoulder arthroscopy was 
described in the literature for the diagnosis and treatment of ochronotic tissue debridement.20–22 However, total joint 
replacement is currently the gold standard and the definitive treatment option for ochronosis-induced advanced arthritis.23 

In cases with shoulder involvement and secondary damage to the stabilizing rotator cuff muscles, reverse total shoulder 
arthroplasty is a valid and reliable option, as shown in the case report by Butterfield et al, with excellent results seen in 
follow-up at four months.24

Case Presentation
History and Physical Examination
A 43-year-old male patient, a right-handed manual worker, presented to our arthroplasty clinic at Al-Karak hospital, 
Jordan, with a one-year history of right shoulder pain. The patient has no previous shoulder injuries. NSAIDs only 
partially alleviated the pain, which was aggravated by activity. His family history for alkaptonuria was positive because 
his sister had the disease. Physical examination revealed a limited range of motion in the right shoulder with abduction 
weakness. The patient had signs of alkaptonuria, such as black urine and black pigmentation in the mouth, eyes, and ear 
pinnae. His urine had been black since he was five years old, he reported.

However, unfortunately, the patient neither tested for nor was informed that he had alkaptonuria previously despite 
having some suggestive symptoms. Therefore, the patient was diagnosed intraoperatively with the striking features of 
extensive ochronosis. Laboratory findings were unremarkable except for a mild elevation of the inflammatory markers 
(ESR and CRP). A summary of the lab values is found in Table 1.

Imaging Studies
As of preoperative assessment, patient underwent radiographic assessment of the affected shoulder. The preoperative 
image shown in Figure 1.

Table 1 The Patient Laboratory Profile Was as Following

Complete Blood Count (CBC) Serum Chemistry Metabolic Bone Work-Up

Hemoglobin (Hb) 12.3 g/dL Sodium 139 mg/dL Calcium 10.6 mg/dL

White Blood Cell Count (WBC) 7.4 g/dL Potassium 4.4 mg/dL Phosphorus 2.2 mg/dL

Platelet count (PLT) 369 x109/L Magnesium 2.1 mg/dL C-reactive protein 14 mg/dL

Neutrophils percent 69% Creatinine 0.4 mg/dL Erythrocyte Sedimentation Rate  

(ESR) (1-hour)

35 mm/hr.

Lymphocyte percent 25.7% Urea 18 mg/dL
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Since there were signs of rotator cuff arthropathy, the patient had a right shoulder MRI without contrast (Figure 2), 
which showed severe osteoarthritic changes of the right glenohumeral joint, including narrowing of the joint space, 
osteophytes, abnormal signal intensity of visualized bone consistent with bone marrow edema, and multiple subchondral 
cysts. Also, thickening with altered signal intensity of the supraspinatus tendon is compatible with tendinopathy, a feature 
of degenerative secondary rotator cuff arthropathy.

Figure 1 Preoperative right shoulder X-ray of the patient showing severe arthritic changes, superior migration, and subchondral bone cyst, finding suggestive of advanced 
osteoarthritic changes and rotator cuff arthropathy of the right glenohumeral joint.

Figure 2 Preoperative right shoulder MRI with prominent osteophytes of the glenoid, increased signal at the supraspinatus tendon, and prominent bone marrow edema, and 
subchondral cyst.
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Management
Based on the MRI results, which pointed to rotator cuff arthropathy, the patient was selected to undergo a reverse total 
shoulder arthroplasty.

In addition to the standard surgical procedure for reverse arthroplasty, a remarkable intraoperative finding of soft tissue 
ochronosis is observed in Figure 3. A diffuse black discoloration of the proximal humerus, glenoid labrum, and rotator cuff 
degenerative tendons. There were no intraoperative or postoperative complications during or following the surgery.

A postoperative X-ray showed well-positioned and aligned components in Figure 4. The patient’s postoperative 
course was unremarkable with clean dressing and gradual return of shoulder range of motion. The patient was started on 
physiotherapy on the first postoperative day. The physiotherapy was gentle range-of-motion exercises; the abduction 
range-of-motion exercises have improved from the preoperative status. Patient was put in arm sling for a period of 2 
weeks postoperatively.

Technical Considerations
Aside from the standard deltopectoral approach steps used in shoulder surgery, there were a few technical difficulties 
encountered intraoperatively. The intraoperative course was challenging in this case and different from other surgeries 
done for rotator cuff arthropathy.

Firstly, the soft tissue discoloration (ochronosis) that was affecting the proximal humerus, the labrum, the rotator cuff 
tendons, and surrounding tissues was obscuring the field and making proper identification of the anatomical structures 
very difficult. Secondly, the inflammatory process induced by alkaptonuria and evidenced by adhesions added to the 
technical difficulties with poor demarcation of the soft tissue planes. Thirdly, an increased blood loss was noticed 
compared to the standard reverse procedure, which is clearly due to poor delineation between anatomical structures, the 
presence of inflammatory adhesions, and increased vascularity given the underlying inflammatory process.

The author’s recommendations when dealing with such cases include the following tips.

● The use of an extensible approach is very advisable for better identification and delineation of the anatomical planes 
and structures.

● A good intraoperative hemostasis is crucial in these cases to prevent excessive intraoperative bleeding from the 
underlying inflammation and adhesions.

Figure 3 Intraoperative findings of severe black discoloration of the soft tissue (ochronosis), a striking feature of Alkaptonuria. (A) Soft tissue ochronosis. (B) Humerus 
head cut with severe blackish discoloration.
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● In anticipation of excessive bleeding, preparation of blood products may be necessary as well.
● Gentle soft tissue handling is mandatory to avoid injury to previously inflamed and irritated tissues and minimize 

the risk of infection and adhesions.
● After thorough irrigation at the end of surgery, meticulous closure is crucial to prevent postoperative wound 

complications.

Rehabilitation Protocol and Follow-Up
Rehabilitation was started as soon as the first week after the surgery. Rehabilitation is done by trained physiotherapists in our 
hospital. Our postoperative rehabilitation protocol was conducted over two phases. The first phase, which started post-
operatively and lasted for 6 weeks, was to have passive and patient-assisted range of motion to encourage shoulder range of 
motion and avoid stiffness. During phase one, the patient was kept in an arm sling. The second phase was from 6 weeks to 
a 5–6-month period, which focused on periscapular and deltoid strengthening. At this phase, the arm sling was discontinued.

The first follow-up visit was two weeks after the surgery. During this visit, the wound was healed and cleaned. 
Periodically, the patient was followed up for one year. After 2 months of surgery, the patient returned to his manual 
working activity of carpentry, and has painless stable range of motion. At the final follow-up visit, the Oxford shoulder 
score (OSS),25 which is a 12-item Patient-Reported Outcome (PRO) measurement specifically designed and developed 
for assessing outcomes of shoulder surgery, was improved from 47 preoperatively to 12 postoperatively, an indication of 
remarkable functional improvement.

Discussion
Musculoskeletal involvement in alkaptonuria can be detrimental and lead to early arthritic changes. These changes can 
cause permanent damage to the articular surface and surrounding soft tissue envelope and necessitate joint replacement.

Figure 4 Postoperative radiography of the reverse procedure, with the humerus stem, head, and components well fixed and in a good position and orientation.
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A review of the literature on alkaptonuria over the last fifty years using the PubMed search engine reveals five hundred 
and sixteen case reports, only eight of which involve the shoulder joint. Castagna et al, Gupta et al, and Schouten et al 
reported cases of ochronotic arthropathy with many joints involved, including the shoulder, which have been managed 
arthroscopically.11,20,21 Afonso et al and Dorleijn et al reported cases of shoulder ochronotic arthropathy preceded by knee 
involvement; in the latter, the diagnosis of alkaptonuria was established via a biopsy taken by knee arthroscopy.26,27 Merolla 
et al reported a case of ochronotic arthropathy of the shoulder associated with autoimmune diseases in his first-degree 
relatives, but no cases of alkaptonuria were identified in the family.28 Also, Nas et al reported a case of shoulder arthropathy 
with spine involvement.29 In the latest case report, the shoulder was the first and only joint affected by ochronosis 
associated with a rotator cuff injury.24 Similarly, in this case, only the right shoulder joint was severely affected by 
a rotator cuff tear, with secondary degenerative arthritis and rotator cuff arthropathy, and no other joints were involved.

The current treatment options for alkaptonuria are limited, and there is no treatment that can prevent the occurrence of 
complications such as ochronosis. Vitamin C has been proposed as its anti-oxidant properties might be able to stop the 
oxidation of homogentisic acid (HGA) into harmful metabolites, but later on, found to not affect levels of HGA in 
urine.30 In addition, low tyrosine and phenylalanine diet has also been proposed as these two amino acids are degraded 
into HGA but the effects of going on the diet were not studied on the long term.31 Additionally, nitisinone was proposed 
since it is a potent inhibitor of the enzyme 4-hydroxyphenylpyruvate dioxygenase which produces HGA, but it can 
increase serum tyrosine levels which may lead to corneal irritation.32

In addition to the treatment modalities aforementioned. The standard conservative management for degenerative 
arthritis can be utilized. This included the use of analgesics and physical therapy. However, due to renal involvement of 
alkaptonuria, physicians are advised to avoid and limit the use of nonsteroidal anti-inflammatory drugs (NSAIDs).

However, the treatment of alkaptonuric arthropathy can be clinically challenging in many aspects. Firstly, given the 
underlying ongoing metabolic derangement and accumulation of toxic metabolites in the cartilage and joints, this will 
lead to accelerated joint wear compared to the wear caused by the degenerative senile arthritis. Secondly, response to 
usual conservative treatment modalities can be expected to be suboptimal in these patients due to the extensive articular 
damage and inflammatory arthritis. Thirdly, due to the fact that these patients usually present in early or mid-adulthood, 
they usually have higher expectations compared to their low-demand geriatric counterparts undergoing joint replacement. 
Fourthly, surgery in these patients can be complicated by tissue ochronosis, poor anatomical demarcations, and increased 
blood loss; this hostile biology at the surgery site may infer unique surgical challenges to the surgeon. Finally, other 
system involvement by alkaptonuria, like the cardiovascular and renal systems, can increase the overall patient risk of 
perioperative complications.

There are some surgical considerations when performing arthroplasty on an alkaptonuric joint. Given the poor bone 
quality of the involved joints, there were some concerns regarding the longevity of the implants used in these patients. 
However, in a case series of 11 arthroplasties (both upper and lower limbs) for end-stage ochronotic arthritis reported by 
Spencer et al, prosthetic joint survival was comparable to that found in patients with degenerative osteoarthritis.33 In 
another series done by Al-Ajlouni et al involving four hips and four knees followed for 2–10 years, none of these patients 
at follow-up had prosthesis-related complications.34 Another surgical concern was increased perioperative complications 
(including infection, periprosthetic fracture, and wear) compared to non-alkaptonuric patients. However, in a follow-up 
study done by Pachore et al on 12 hip arthroplasties on patients who were followed for up to 24 years, all involved 
patients had excellent outcomes, and there were no increased complications noticed.35 The same findings of no increased 
complications were reported by Al-Ajlouni et al as well.34

It is not uncommon for alkaptonuria to be diagnosed intraoperatively during arthroplasty surgery. As in our case, the 
diagnosis is usually made after visualization of the extensive blackish discoloration of the cartilage and surrounding 
tissues. Shaikh et al reported the intraoperative diagnosis of a 70-year-old female patient during hip arthroplasty.36 

Elafarm et al reported a similar intraoperative diagnosis during knee arthroplasty for a 50-year-old man.37 In another 
example, Gencer et al reported an intraoperative diagnosis of alkaptonuria during knee arthroscopy; the patient later 
underwent a successful knee arthroplasty due to the severe arthritis caused by ochronosis of the cartilage, menisci, and 
bone surfaces.38
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Although alkaptonuria is a rare disease, it is found to be more prevalent in Jordan, which is the highest country in the 
Middle East regarding alkaptonuria prevalence.3 The exact prevalence of alkaptonuria is still unknown, but it is estimated 
to be high due to high rates of consanguinity, which reach up to 63%.39 One study reported that there were nine cases of 
alkaptonuria in a single family; a separate study reported that there were forty cases in a single south Jordanian 
village.40,41 More studies are still needed to identify emergent cases and determine the exact prevalence and distribution 
of the disease.

Conclusion
Alkaptonuria is a metabolic disease affecting amino acid metabolism. Axial skeleton involvement is a common theme; 
shoulder involvement, however, is unusual. Alkaptonuria can result in end-stage arthritis, which necessitates joint 
replacement, as in our case. Management of alkaptonuric arthropathy can be challenging, and there are important 
surgical considerations to be made. The authors clinical message from this report is that alkaptonuric shoulder arthro-
pathy is a manageable disease, and total joint arthroplasty offers good pain relief, an improved functional range of 
motion, and an improved patient reported outcome. Given the variability and severity of the symptoms of alkaptonuria, it 
is not uncommon to diagnose patients lately with end-stage arthropathy intraoperatively. The orthopedic surgeon needs to 
be vigilant in such cases and inquire about family history and the possibility of metabolic disease when encountering 
a young patient with advanced shoulder arthrosis.
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