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Paget`s Disease of bone is a chronic condition characterized by
altered bone resorption, bone formation, and bone remodeling,
which leads to distorted bony anatomy and aberrations in normal
joint mechanics, with possible subsequent degenerative changes of
the affected joints.17,34 Since its first description in 1877, various
infectious, genetic and environmental8,9,18,21,24,29,42 theories have
been proposed as the source of the disease, yet the true patho-
genesis remains unclear. After osteoporosis, Paget`s disease of bone
is the second most common disease associated with bone remod-
eling.5 Although rarely found in patients younger the 40 years, the
incidence drastically increases to 1.5%-3% in patients older than 60
years in the United States.17 However, pharmacological manage-
ment is commonly sufficient to relief symptoms and control
osteolytic lesions, and only few patients require surgical manage-
ment. While common manifestations are found in the pelvis,
lumbosacral spine, the tibia and the femur, involvement of the
upper extremity is rare.33 Consequently, there is a larger number of
reports concerning total hip arthroplasty10,11,25,26,37,44 and total
knee arthroplasty4,20,26,38 in patients with Paget`s disease, and the
collective experience in arthroplasty of the joints of the upper ex-
tremity in patients with Paget`s disease is very limited. Specifically,
currently only 2 case reports exist regarding total shoulder
arthroplasty in patients suffering from shoulder osteoarthritis due
to Paget`s disease.13,33
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To our knowledge, however, there has not been a description of
the surgical management of end-staged elbow osteoarthritis
associated with Paget`s disease. The purpose for this report is to
demonstrate a successful elbow joint replacement in a patient with
Paget’s disease and provide recommendations for similar ortho-
pedic issues in the future, considering the existing literature and
our personal experience.
Case presentation

Patient history

The patient is a 67-year-old Caucasian male who first presented
to a local orthopedist due to right shoulder pain, which was treated
with a subacromial corticosteroid injection. On the follow-up visit,
the patient declared no improvement of his shoulder pain, yet
mentioned a recently discovered deformity of his right elbow with
progressive extension deficit and a repetitive dysesthesia of the
right forearm and hand. Elbow pain was denied at that time. On
physical examination, the patient could flex the elbow to 130� with
an extension deficit of 30�. Furthermore, a positive Tinel`s sign was
found in the region of the ulnar sulcus.

Plain radiographs of the elbow showed distension of the distal
humerus with inhomogeneous osteolytic structures, the aspect of a
thickened cortical bone and early signs of humeroradial and
humeroulnar arthrosis. Magnetic resonance imaging presented
abnormal cancellous bone, yet was not conclusive for a malignant
tumor. Skeletal scintigraphy demonstrated isolated involvement of
the right humerus. To rule out sarcomatous transformation, the
tumoralmass in the distal humeruswas biopsied. Histologically, the
bone appeared in a mosaic pattern, with multiple cement lines that
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Figure 1 Cylindrical bone biopsy of the distal right humerus revealing bony mosaic
pattern with thick cement lines ( ) that demarcate randomly oriented
lamellar bone.
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demarcated randomly oriented lamellar bone, consistent with
Paget’s Disease of bone (Fig. 1). Considering the paucity of bone
manifestation in the bone scan other than the elbow, the presence of
a monostotic Morbus Paget of the elbowwas concluded. Due to the
oligosymptomatic presentation of the patient and only mild osteo-
arthritic changes, a conservative treatment with bisphosphonate
therapy was recommended. Unfortunately, the patient did not
appear to any subsequent follow-up visits at the treating orthopedic
surgeon, thus the mentioned treatment could never be initiated.

Preoperative evaluation

Ten years later, the patient was referred to our clinic by his
family physician. He reported progressive motion deficit and pain
that was worsened by manual activities. Additionally, the patient
mentioned hypesthesia in his ulnar, right hand. On physical ex-
amination, obvious deformity at the distal humerus especially at
the medial epicondyle was present. The patient could flex the
elbow to 90�, with an extension deficit of 40�. Active and passive
flexion and extension about the elbow inflicted pain, especially at
the end of range of motion. Pronation and supination were not
limited. Furthermore, hypothenar atrophy, hyposensitivity in the
ulnar territory of the hand as well as a positive Froment-sign
concluded the presence of a sensomotoric ulnar nerve damage,
which later was confirmed with electrodiagnostic studies.

Plain radiographs showed characteristic findings of monostotic
Paget’s disease of the humeral epiphysis and metaphysis up to the
proximal third of the humeral shaft with sclerotic changes in a
trabecular pattern, as well as advanced degenerative joint disease
of the elbow (Fig. 2). A computed tomography (CT) scan showed
typical cortical infraction sites with intensive osteolysis and
osteosclerosis, leading to deformation of themedial epicondyle and
the ulnar nerve sulcus. No evidence was apparent for a novel ma-
lignant transformation (Fig. 3). Laboratory values for alkaline
phosphate were unremarkable, indicating an inactive disease state
at the time of planned surgery.

After discussion of the case at the annual Mayo Clinic elbow
meeting in 2019, the decision was made to treat the patient with a
total elbow arthroplasty in combination with decompression and
translocation of the ulnar nerve.

Preoperative surgical planning

Before surgery, plane radiographs of the whole affected bone as
well as CT scans of the affected area were investigated to assess the
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extent of Paget`s Disease, screen for areas of bony defects, dense
osteosclerosis and hypertrophic bone formation as well as distorted
alignment of the joint and adjacent diaphysis. Profound osteolysis
should either be grafted or bypassed by a long stem to reduce the
risk of periprosthetic fractures, thus sufficiently long stems should
be available at the time of surgery. In case of alignment distortion,
corrective osteotomies might be necessary to use sufficiently long
stems, whichmust be anticipated during preoperative planning. On
the other hand, dense intramedullary osteosclerosis might
complicate canal preparation, thus fluoroscopy, burrs, power drills,
and cannulated reamers should be available during the procedure,
although care should be taken to avoid canal penetration with
subsequent cement leakage. Finally, surgeons should be prepared
to resect any hypertrophic bone formation to avoid implant
malpositioning and component impingement.

Surgery

After general anesthesia was induced, the patient was placed in
a supine position on the operating table. Preoperative antibiotics
were administered before skin incision and for 24 hours post-
operatively. Packed red blood cells and an intraoperative blood
salvage system were available at the start of the case. The right
upper extremity was prepped and draped in a usual sterile manner.
Finally, a sterile tourniquet was applied before skin incision.

To approach the elbow joint, a diamond popup approach, as
introduced by Professor Shawn W. O`Driscoll, was utilized. Expo-
sition and decompression of the ulnar nerve was performed after
mobilization of skin flaps. Starting approximately 5-7 cm distal to
the tip of the olecranon, the fascia of the forearm was opened up
and the incisionwas advanced proximally on the medial and lateral
boarder of the ulna around the tip of the olecranon, leaving a small
cuff of tissue on each side for later refixation. The fascial incisions
were then continued proximally along the musculotendinous
junction of the triceps, and finally met at point about 5-7 cm
proximal to the tip of the olecranon, thereby creating a diamond-
shaped incision. The main triceps tendon was then dissected from
the deep triceps muscle and mobilized to its insertion on the
olecranon. An elliptical arthrotomy around the tip of the olecranon
trough the posterior capsule and the deep triceps was performed,
and the deep triceps was split in line with its fibers proximally. The
posterior capsule was then released from the humeral shaft,
thereby exposing the posterior joint. Thereafter, the radial collat-
eral ligament together with the anconeus muscle and the ulnar
collateral ligament together with the flexor carpi ulnaris muscle
were peeled off subperiostally from the proximal ulna, leaving the
collateral ligament and muscular insertion on the humerus un-
touched. After this release, the elbow joint can be dislocated by
popping up the radius and ulna as a unit by hyperflexing the joint
(Fig. 4). After debulking and resection of hypertrophic bone as well
as part of the articular capsule, the trochlea was resected. The hu-
meral canal was thereafter opened, reamed and rasped up to the
planned size of the implant. To definitely exclude sarcoid trans-
formation of the Paget disease, the extracted tissues were analyzed
histologically. No malignancy could be found later on. Having the
humeral component adjusted, the ulna was prepared in a similar
fashion. To allow for optimal articulation, adequate clearance
around the sigmoid notch has been ensured. Due to sufficient bone
quality and the absence of larger osteolytic lesions in the humeral
canal intraoperatively and on preoperative CT scan, it was decided
to proceed with cemented component implantation only without
impaction bone grafting according to the Ling technique.13

Furthermore, only a regular stem length was used, as bypassing
the whole affected bone seemed not to be necessary due to the
stable bone quality, and usage of longer stem would have been



Figure 2 Anteroposterior (A) and lateral (B) view of the right elbow, as well as anteroposterior view of the right shoulder (C), demonstrating Paget’s disease involvement of the
humerus up to its proximal third of the shaft as well as advanced humeroradial and humeroulnar arthrosis.

Figure 3 CT scan images of the right elbow demonstrating local changes of anatomy and altered bone quality with multiple osteolytic lesions in the distal humerus as part of
preoperative planning (coronal (A), sagittal (B) and 3D-reconstruction (C)). CT, computed tomography.
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complicated by the altered alignment of the humeral diaphysis
with an increased risk of canal perforation and component mal-
positioning due to the flexion deformity of the humerus.

After copious irrigation and insertion of a cement restrictor in
the humeral canal, antibiotic-loaded cement was injected into the
humeral canal. Due to far proximal progression of the disease on
the humerus, a long humeral stem (Zimmer NEXEL Total Elbow
prothesis humeral component size 5/150 mm right; Zimmer Bio-
met,Warsaw, IN, USA)was inserted into the humerus and advanced
to the appropriate depth. The ulnar canal was irrigated and the
ulnar component (Zimmer NEXEL Total Elbow prothesis, ulnar
component size 5/75 mm right; Zimmer Biomet, Warsaw, IN, USA)
was cemented without the use of a cement restrictor. After cement
hardening, remaining osteophytes were removed and the elbow
was reduced. The elbow was taken through range of motion and
found to be stable without evidence of impingement. To finally
release the ulnar nerve from its entrapment causing the above-
mentioned symptoms, it was transpositioned submuscularly. The
diamond popup approach was then closed stepwise by reattaching
the deep portion of the triceps to the olecranon and then repair the
main tendon of the triceps with nonabsorbable sutures. The sur-
gical wound was covered with a sterile dressing and the arm was
placed in a brace.
Postoperative course

Postoperatively, the patient immediately began with functional
aftercare of the elbow with actively assisted movements out of a
sling and no restriction in range of motion. After an uneventful
initial postoperative course, he was discharged on the third post-
operative day. Unfortunately, he was readmitted to the clinic 2 days
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after discharge due to an ascending urinary tract infection as well as
an accompanying acute cardiac decompensation aground sub-
segmental pulmonary embolism and a type II myocardial infarction
in the context of a newly diagnosed atrial fibrillation and post-
operative anemia. The further course was uneventful regarding the
elbow and the patient was discharged again 3 weeks after surgery.

After 6 weeks, slight strengthening exercise was implemented
with formal physical therapy. Three months postoperatively, the
patient was able to return to all his daily activities. At his 2-year
follow-up, the patient reported no pain in the elbow at rest or
motion. There were no residual sensomotoric losses attributed to
the former sensomotoric neuropathy of the ulnar nerve. His active
range of motion had increased to 130 degrees of flexion with a
remaining extension deficit of 30� (Fig. 5, A). Pronation and supi-
nation were unrestricted and possible up to 80�, respectively. His
Mayo Elbow Performance index was 95 of 100. Radiographs
demonstrated an intact cement mantle on the humeral and ulnar
side and no evidence of component loosening. However, the ulnar
component appeared to be implanted slightly to shallow, which
might be a reason for the remaining extension deficit (Fig. 5, B).
Discussion

Paget’s disease of bone is a chronic condition of unknown eti-
ology that rarely involves the upper extremity. Accordingly, while
various authors have reported on their experience with endo-
prosthetic treatment in patients suffering from hip and knee
disease,4,10,11,20,25,26,37,38,44 there is a paucity of literature regarding
treatment of upper extremity Paget’s Disease with only 2 reports of
total shoulder arthroplasty being performed in patients with end-
stage degenerative glenohumeral joint disease in the setting



Figure 4 Intraoperative view on the dislocated elbow joint through a diamond popup
approach. Black arrow ( ) indicates the reflected triceps tendon attached to
the Olecranon. The points out the distal humerus with osteoarthritic
changes of the trochlea and the capitellum. The indicates the exposed
ulnar nerve with a vessel-loop around it.
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monostotic humeral Paget’s Disease.13,33 To our knowledge, this is
the first report of a total elbow arthroplasty being performed for
degenerative joint disease of the elbow in the setting of a mono-
stotic humeral Paget’s Disease, demonstrating good clinical results
at a 2-year follow-up.

In many patients with Paget’s Disease, nonoperative manage-
ment including bisphosphonate medications will be sufficient to
control bone pain and suppress metabolic activity in asymptomatic
patients.39 If nonoperative management provides insufficient pain
relief, the source of pain must be evaluated carefully, as the disease
can generate pain in miscellaneous ways, such as pain from the
pathologic process itself, malignant transformation to Paget’s Sar-
coma,3,27 occult fractures through abnormal bone, bone deformity
with altered joint loading, and subsequent degenerative joint dis-
ease.33 Alkaline phosphatase levels can be used as a marker for
disease activity and to monitor treatment.30,31 However, some au-
thors reported only weak correlation between bone pain and
metabolic activity reflected by elevated alkaline phosphatase levels
levels.19,40 In case of inconclusive clinical findings in the setting of
degenerative joint disease with concomitant Paget’s Disease, pain
relief from diagnostic intraarticular injection might reinforce the
suspicion of an intraarticular cause of pain.

Before any surgical intervention, a thorough medical check-up
of the patient is recommended. Patients should be screened by a
cardiologist, as the often hypovascularized bone in Paget’s disease
can lead to increased cardiac output with impaired cardiac func-
tion,2,17,36 which might be even aggravated due to the frequently
observed excessive blood loss during surgery in patients suffering
from Paget’s Disease.15,16 To reduce the risk of excessive blood loss
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during surgery, some authors advocated the use of anti-Pagetic
treatment such as bisphosphonates and calcitonin before elective
surgery,14-17,35,41 although there is currently insufficient evidence to
support this recommendation.39 In any way, surgeons should be
prepared to react to increased blood loss with the use of a cell saver
system and blood products readily available on standby.17,33

Currently, 2-dimensional anteroposterior and lateral plain ra-
diographs are commonly used for preoperative planning of total
elbow arthropalsty, which is especially important in cases with
gross deformities frequently observed in patients with Paget`s
disease of bone. Although no commercial 3-dimensional planning
software for total elbow arthroplasty is currently available, the
usefulness of 3-dimensional templating regarding implant posi-
tioning and stem size prediction compared to 2-dimensional
planning has already been demonstrated in an experimental
study.12 Such templating tools might further facilitate the evalua-
tion of distorted alignment and its impact on implant positioning,
thus should be used in these cases as soon as available.

Intraoperatively, the surgeon should be prepared to address
any kind of deformity related to Paget’s disease, which can be
extensive in some cases and even require corrective osteotomies,
to restore physiological alignment.7,17,35 Furthermore, hypertro-
phic bone, which is regularly observed in patients with Paget’s
Disease, poses the risk of implant malpositioning and component
impingement and should thus be resected to reapproximate the
patient’s normal anatomy before implant insertion.33 To achieve
adequate exposure of the elbow joint, allowing for sufficient
release and debulking of any abundant bone mass as well as
adequate canal preparation, the authors decided to use a dia-
mond popup approach. This triceps-off approach was first
introduced in 2018 by Professor Shawn W. O`Driscoll. Similarly to
the Van Gorder approach,43 a tongue-shaped triceps fascial flap is
created without detaching its insertion on the olecranon, fol-
lowed by splitting the deep part of the triceps. However,
conversely to the aforementioned approach, the collateral liga-
ments are not released from the distal humerus but peeled off
from the ulna together with the anconeus and flexor carpi ulnaris
muscles. Doing so, the elbow joint is splinted after reduction by a
sleeve of tissue that is still attached to the distal humerus and
inserts to the ulna further distally, thereby providing greater
stability compared to approaches which include release of the
collateral ligaments from the distal humerus.

Other frequently observed bony alterations in Paget’s Disease
comprise both ectatic and obliterative intramedullary de-
formities.13,33 Ectatic deformities pose the risk for inadequate fix-
ation of stemmed components with subsequent subsidence, as
time zero-stability might be diminished.13 To improve this time
zero-stability, the Ling technique, which comprises a combination
of impaction bone grafting of allograft and cemented stem fixation
has been proposed23 and successfully used in patients with Paget’s
Disease of bone.13,22 However, other authors have demonstrated
excellent results with a low rate of component loosening during the
first decade after uncemented total hip arthroplasty in patients
with Paget’s Disease,37 thus the use of cemented implants is not
mandatory. Canal obliteration and thinned cortices on the other
hand increase the risk for intraoperative fractures during canal
preparation and stem insertion, whichmight be even higher in case
of impaction bone grafting, thus the Ling technique should only be
used with caution during endoprosthetic treatment in patients
with Paget’s disease and must be considered depending on the
patient`s situation. If used, prophylactic cerclage tapes or wires can
be applied,13 and intraoperative imaging can be used to guide
intramedullary instrumentation33 to mitigate the risk of fractures.
In our case, there was no excessive ectasia of the humeral canal,
thus we decided to use cemented components without impaction



Table I
Pearls and pitfalls in surgical management of patients with Paget’s Disease.

Preoperative Intraoperative

Precisely identify source of pain
before surgery

Restore patients’ anatomy
� Resect any hypertrophic bone
� Corrective osteotomy if necessary

Exclude Paget’s sarcroma Avoid intraoperative fractures
� Prophylactic cerclage tapes or wires
� Intraoperative imaging for canal

preparation
Screen for cardiac

abnormalities
Improve implant fixation
� Impaction bone grafting (Lind technique)
� Consider cemented components

Anticipate increased blood loss
� Evaluate bisphosphonate

therapy
� Blood products available

Figure 5 Two-year postoperative anteroposterior and lateral radiographs of the elbow demonstrating an intact cement mantel about the humeral and ulnar stem and no evidence
of component loosening. Clinically, flexion was possible up to 130� with a remaining extension deficit of 30� .
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bone grafting, thereby achieving adequate stem fixation. Table I
provides a summary of recommendations for patients with
Paget’s disease undergoing endoprosthetic treatment.

Finally, surgical treatment in patients with Paget’s Disease
comprises an increased risk of heterotopic ossification,28,37 thus
various authors have recommended heterotopic ossification pro-
phylaxis either through radiation or pharmacological treat-
ment.6,28,32 However, analogous to our experience, heterotopic
ossification has not yet been reported in endoprosthetic treatment
of patients with Paget’s Disease of the upper extremity13,33 despite
the lack of heterotopic ossification prophylaxis, thus we do not
routinely recommend the use of such a prophylaxis.

In summary, this case report demonstrates total elbow arthro-
plasty to be a credible treatment option for patients suffering from
elbow arthritis related to a monostotic humeral Paget’s Disease.
Although a 2-year follow-up after total joint replacement is short,
the rare entity of the presented case makes its description of value.
Furthermore, a recent systematic review investigating 10,018 pa-
tients undergoing total hip and total knee arthroplasty for Paget`s
disease of bone demonstrated similar implant longevity compared
to joint replacement in patients without Paget`s disease, with a
pooled revision rate of 4.4% at a mean follow-up of 7.2 years (range:
0-20) following total hip replacement and 2.2% at a mean follow-up
of 7.4 years (range: 2-20 years) following total knee replacement,
respectively.1 However, although these data demonstrate good
outcomes of joint replacements in patients with Paget’s disease at a
at long-term follow-up, the applicability on total elbow arthro-
plasty remains unknown.
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Conclusion

This case report describes a patient with elbow arthritis related
to a monostotic humeral Paget’s Disease, who successfully under-
went cemented total elbow arthroplasty performed through a
diamond popup approach. At a follow-up of 2 years, excellent
clinical and radiographic outcomes could be demonstrated. To
reduce risk of complications, a through preoperative medical
evaluation and optimization of the patient is recommended, and
special care should be taken during surgery to avoid intraoperative
fractures and to achieve stable implant fixation. Based on this case,
we believe that total elbow arthroplasty is a valuable treatment
option in patients with Paget’s Disease of the elbow and concom-
itant degenerative joint disease.
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