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Abstract. Chronic Kidney Disease-Mineral and Bone Disorder (CKD-MBD) disrupts phosphorus and cal-
cium metabolism, leading to skeletal disorders such as demineralization, weakened bones, and an increased 
fracture risk. These disorders, known as renal osteodystrophy, vary widely and are classified into secondary 
hyperparathyroidism, adynamic bone, and osteomalacia based on bone turnover. Fracture risk increases with 
the severity of CKD, particularly in advanced stages (creatinine clearance <15–20 mL/min), but even patients 
with mild to moderate CKD are at risk of fractures. Fractures of the Lesser Trochanter (LT) in adults are rare, 
and most are caused by underlying malignancies. We present a case of simultaneous avulsion fractures in the 
left lesser trochanter and bilateral olecranon processes secondary to minor trauma in a young patient with 
End Stage Renal Disease, which has not been previously reported, and review the literature. This review sum-
marizes the role of imaging (Radiography, US, Computed Tomography, and Magnetic Resonance Imaging) in 
assessing avulsion fractures in patients with end-stage renal disease. Ultrasound serves as a supportive tool in 
evaluating the neuromusculoskeletal system; however, in patients with end-stage renal disease, radiography, 
CT, and MRI remain the primary imaging modalities for assessing avulsion fractures. 

Keywords: avulsion fractures, femur, olecranon process, Chronic Kidney Disease-Mineral and Bone Disor-
der, radiography, ultrasonography, Magnetic Resonance Imaging.
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Abipusių olekranono ataugų ir kairiojo mažojo trochanterio avulsiniai lūžiai 
sergant inkstų osteodistrofija: retas atvejis ir išsami literatūros apžvalga
Santrauka. Lėtinė inkstų liga (LIL) – mineralų ir kaulų liga (LKN-MBD) sutrikdo organizme fosforo ir kalcio 
apykaitą, todėl atsiranda skeleto sutrikimų, pavyzdžiui, demineralizacija, silpnėja kaulai ir didėja lūžių rizika. 
Šie sutrikimai, vadinami inkstų osteodistrofija, yra labai įvairūs ir pagal kaulų apykaitą skirstomi į antrinį 
hiperparatiroidizmą, adynaminį kaulą ir osteomaliaciją. Lūžių rizika didėja didėjant LIL sunkumui, ypač 
pažengusiose stadijose (kreatinino klirensas <15–20 ml/min), tačiau lūžių rizika gresia net ir lengvo ar vidu-
tinio sunkumo LIL sergantiems pacientams. Mažojo trochanterio (LT) lūžiai suaugusiesiems pasitaiko retai, o 
daugumą jų sukelia pagrindinės piktybinės ligos. Pateikiame jaunam pacientui, sergančiam galutinės stadijos 
inkstų liga, vienu metu įvykusį kairiojo mažojo trochanterio ir abipusių olekranono ataugų avulsinių lūžių 
atvejį, apie kurį anksčiau nebuvo pranešta, ir apžvelgiame literatūrą. Šioje apžvalgoje apibendrinamas vaizdų 
(rentgenografijos, kompiuterinės tomografijos ir magnetinio rezonanso tomografijos) vaidmuo vertinant 
avulsinius lūžius pacientams, sergantiems galutinės stadijos inkstų liga. Ultragarsas yra pagalbinė priemonė 
vertinant nervų-raumenų-skeleto sistemą, tačiau pacientams, sergantiems galutinės stadijos inkstų liga, ra-
diografija, kompiuterinė tomografija ir magnetinio rezonanso tomografija tebėra pagrindiniai vaizdinimo 
būdai vertinant avulsinius lūžius.

Raktažodžiai: avulsiniai lūžiai, šlaunikaulis, olekranono atauga, lėtinė inkstų liga – mineralų ir kaulų sutriki-
mas, radiografija, ultragarsinis tyrimas, magnetinio rezonanso tomografija

Introduction

The olecranon process of the ulna articulates with the trochlear notch of the distal humerus to create 
a stable ulnohumeral joint which resists forward translational forces and aids in rotational stability. 
The olecranon is the most prominent part of the elbow joint posteriorly and serves as the anchor 
point for the triceps muscle. Olecranon fractures usually occur from direct blows from falls or road 
traffic accidents; however, they have been reported with strong muscular contractions often involv-
ing the triceps muscle [1].

The term ‘Atraumatic fracture’ refers to a break in the bone caused by a low-energy force that is 
incapable of causing a fracture under normal circumstances [2]. This category includes various types 
of fractures, such as pathological fractures (caused by a weakened trabeculae of bone by disease pro-
cess), stress fractures (resulting from repeated rhythmic stress on a bone) [3], and fragility fractures 
(a specific type of insufficiency fracture in osteoporotic bones caused by a minimal traumatic event) 
[2]. These atraumatic fractures often present with subtle symptoms and may not be visible on imag-
ing, thus making diagnosis challenging due to their occult nature [4]. Lesser trochanter fractures are 
rare in adults, and are often associated with focal metastatic involvement [5].

Case report

A 31-year-old male with a known history of End-Stage Renal Disease (ESRD) on haemodialysis via 
an arteriovenous (AV) fistula presented to the emergency department following a minor motorcycle 
accident. He reported falling at a speed of approximately 10 km/hr, landing on his left side, and com-
plained of pain in both elbows and the left hip. The primary survey was unremarkable for any other 
major thoraco-abdominal or spinal injury.

The Focused Assessment with Sonography for Trauma (FAST) scan was negative. The secondary 
survey revealed pain, swelling, and severe tenderness over the left olecranon and limited movement 
with a palpable gap in the posterior aspect, suggesting a possible tendon injury. The patient was un-
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able to extend his left elbow against gravity. The right elbow was also painful with mild swelling and 
bruising, but had a full active range of motion. There was pain and tenderness in the left hip exacer-
bated by extreme flexion and rotation.

Plain radiographs showed significant bilateral olecranon soft tissue swelling with faint curvi-
linear ossification proximally suspicious for bilateral avulsion fractures. The ultrasound confirmed 
loss of tension of the triceps tendon attached to a small bone fragment on the right (Figures 1 and 
2). Pelvis radiographs showed an avulsion fracture of the lesser trochanter of the left femur and 
marked bony sclerosis consistent with renal osteodystrophy. CT of the left elbow indicated a small 
bony fragment in the distal triceps tendon area with cortical irregularity and significant soft tissue 
swelling. CT pelvis revealed diffusely increased bone density, subchondral erosions, and resorption 
at the sacroiliac joints as well as femoral necks consistent with secondary hyperparathyroidism due 
to end-stage renal disease. MRI of the hip showed generalized skeletal sclerosis along with avulsion 
of the left iliopsoas tendon with proximal retraction and adjacent soft tissue oedema (Figure 3).

The overall diagnosis included bilateral triceps avulsion fractures with minimal retraction on the 
right side and significant retraction on the left, a left iliopsoas tendon avulsion with retraction, and 

Figure 1. Left elbow a) lateral plain radiograph b) CT sagittal reformats c) Sagittal PD FAT SAT MRI showing 
avulsion fracture of olecranon (triceps attachment site) with associated posterior soft tissue swelling. The left 
sided avulsion (yellow arrow) fracture is more displaced compared to the right. Ultrasound scan of the left 
elbow was not performed due to presence of back slab on the left. d) Post operative plain lateral radiograph of 
left elbow showing screw fixation of olecranon avulsion fracture.

Figure 2. Right elbow a) lateral plain radiograph b) Longitudinal ultrasound c) Sagittal PD FAT SAT MRI 
showing avulsion fracture of olecranon (blue arrow) from triceps attachment site with associated posterior soft 
tissue swelling. The right sided avulsion fracture is less displaced compared to the right.
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florid features of renal osteodystrophy associated with ESRD. The patient underwent surgical repair 
of the left olecranon avulsion fracture (Figure 1d) while the right olecranon and left lesser trochanter 
avulsion fractures were managed conservatively.

The patient’s laboratory results reflect significant disturbances associated with end-stage renal 
disease (ESRD) and secondary hyperparathyroidism. His calcium level was low-normal at 1.94 
mmol/L, while phosphate was markedly elevated at 2.3 mmol/L, which is consistent with renal im-
pairment and disrupted mineral metabolism. Elevated Parathyroid Hormone (PTH) at 159 pmol/L 
indicated secondary hyperparathyroidism, which is a common complication in ESRD leading to 
renal osteodystrophy. Serum alkaline phosphatase was significantly raised at 580 IU/L, suggesting 
high bone turnover. The patient’s creatinine (Cr) was critically elevated at 1364 micromols/L, with 
an Estimated Glomerular Filtration Rate (eGFR) of 4 mL/min. Albumin (Alb) was low at 22 g/L, 
indicating poor nutritional status with slightly reduced hemoglobin (Hb) at 110 g/L, reflecting anae-
mia of chronic disease. The normal White Blood Cell (WBC) count and platelets suggested no acute 
infection or haematological disorder. These findings collectively highlight the severe systemic im-
pact of ESRD on bone and mineral metabolism, contributing to the patient’s increased fracture risk 
and complications from his injuries.

Discussion

Renal osteodystrophy, a bone disorder linked to CKD-MBD (Chronic Kidney Disease-Mineral and 
Bone Disorder), is divided into high-turnover and low-turnover states, with a third category known 
as mixed uremic osteodystrophy, which includes characteristics of both turnover types and abnor-
mal mineralization [6] (Table 1).

High bone turnover results from elevated Parathyroid Hormone (PTH) levels and is commonly 
associated with secondary hyperparathyroidism and osteitis fibrosa cystica. In this state, bone re-

Figure 3. a) plain radiograph of pelvis, b) coronal c) axial CT reformats of pelvis showing avulsion fracture of 
the left lesser trochanter (blue arrow) and d) coronal reformats of both SI joints showing diffuse bony sclerosis 
(white arrow) and sub periosteal bone resorption (orange arrow) of both SI joint. e, f) Coronal and axial PD 
FAT SAT MRI showing avulsion fracture (blue arrow) of left lesser trochanter (psoas attachment site) with 
associated extensive soft tissue swelling and oedema.
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sorption and formation are both increased and in advanced cases, brown tumours may develop due 
to osteoclastic proliferation along with hemosiderin deposits [6].

Low bone turnover involves conditions such as osteomalacia and adynamic bone disease. Os-
teomalacia occurs due to heavy metal toxicity, particularly from aluminium, which disrupts proper 
bone mineralization. Adynamic bone disease, on the other hand, stems from suppressed PTH levels, 
leading to a reduced bone turnover and inadequate mineralization. Contributing factors include 
excessive calcium and vitamin D supplementation, peritoneal dialysis, and diabetes [6].

 Mixed uremic osteodystrophy, the third form, blends elements of high-turnover bone disease, 
like osteitis fibrosa, with low-turnover issues seen in osteomalacia. This condition reflects the com-
plicated relationship between an abnormal bone turnover and mineralization in CKD, leading to 
various skeletal abnormalities. Patients with mixed uremic osteodystrophy experience both an in-
creased bone breakdown and an impaired bone formation, presenting significant treatment chal-
lenges due to the dual pathology [6] (Table 1).

Muscle weakness, myopathy, and calcifications are additional components of CKD-MBD.
Bone strength depends on both its quantity and quality, which are influenced by various factors 

such as bone remodelling and matrix composition. The bone mineral density estimates the quantity, 
whereas microarchitecture assesses the quality, both of which contribute to a reduced bone me-
chanical strength in CKD. As a result, most fractures occur in bones with a low mechanical strength, 
often due to minor traumas like falls. Research has shown that individuals with Chronic Kidney Dis-
ease (CKD) face a heightened fracture risk due to a combination of factors, including CKD-related 
changes in bone and mineral metabolism, age, gender, diabetes, and glucocorticoid use [7]. In indi-
viduals over 65 years old with chronic kidney disease (CKD), women are more likely to experience 
fractures, with 1 in 10 women and 1 in 20 men suffering a fracture within three years [8]. The risk of 
hip fractures is four times higher for dialysis patients compared to the general population, even after 
adjustment for age, gender, and ethnicity [9,10]. CKD patients with severe kidney damage (G4 and 
G5) who experience hip and non-hip fractures have a higher mortality risk [11]. A large epidemio-
logic study in South Korea covering 352,624 CKD adult patients found lower eGFR and high levels 
of albumin, which was associated with an increased risk of hip fractures [12].

A review of existing research revealed 32 cases of isolated lesser trochanter (LT) fractures in 
adults, with 27 cases being pathological fractures. Notably, in 11 of these cases, the LT fracture was 
the initial sign of a previously undiagnosed malignancy [13]. LT avulsion fractures secondary to 
minor trauma in a patient with renal osteodystrophy have never been reported.

Avulsion fractures occur when a sudden contraction causes a piece of bone to break off at the 
point of a tendon or ligamentous attachment [14]. Common sites for this type of fracture include the 
greater and lesser trochanter of the femur, greater tuberosity of the humeral head, medial epicondyle 
of the elbow, ischial tuberosity, tibial tuberosity, and base of the fifth metatarsal. Sonography allows 
the visualization of avulsed bone fragments and their relationship to surrounding tissues. Typical 
signs of avulsion fractures on ultrasound include cortical discontinuity, local hematoma formation, 
and abnormalities in the surrounding soft tissues [15], which can vary depending on the location 
and severity of the injury. 

Traditional imaging methods for bone evaluation include radiographs, CT, MRI, and scintig-
raphy (Table 2). Radiography remains the first-line investigation for diagnosing fractures, due to 
providing rapid identification of bony injuries. CT and MRI offer additional detail, particularly in 
complex or subtle cases.

Ultrasound (US) can serve as a complementary modality in assessing associated soft tissue inju-
ries and detecting some occult fractures when radiographs are inconclusive [14,16–18]. However, 
its role is largely adjunctive, especially in cases where fractures are already evident on radiographs, 
as was in our case.
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Table 1. Features of various types of Renal osteodystrophy

Feature
High Bone Turnover 

(Osteitis Fibrosa 
Cystica)

Osteomalacia  
(Low Bone Turnover)

Adynamic Bone 
Disease (Low Bone 

Turnover)

Mixed Uremic 
Osteodystrophy

Underlying 
Cause

Elevated PTH 
(secondary 
hyperparathyroidism)

Heavy metal toxicity 
(aluminium), vitamin 
D deficiency, impaired 
mineralization

PTH suppression, 
excessive calcium and 
vitamin D treatment, 
diabetes

Combination of high 
and low turnover 
states

PTH Levels Elevated May be mildly 
elevated or normal Suppressed

Elevated, but not as 
high as in osteitis 
fibrosa

Calcium Levels Normal or low-
normal

Low due to defective 
mineralization

Often elevated due 
to excessive calcium 
supplementation

Low-normal to 
elevated

Phosphate 
Levels

Elevated due to 
reduced renal 
clearance

Elevated in ESRD or 
low in cases of vitamin 
D deficiency

Low or normal, 
depending on use of 
phosphate binders

Elevated

Alkaline 
Phosphatase 
(Alk Phos)

Elevated due to high 
bone turnover

Elevated due to 
defective bone 
mineralization

Normal or low due 
to very low bone 
turnover

Elevated but variable 
depending on the 
balance of high/low 
turnover

Bone Turnover

Increased bone 
resorption and 
formation (high 
turnover)

Low turnover with 
defective bone 
mineralization

Very low turnover 
with impaired bone 
remodelling

Mixed – both 
increased resorption 
and impaired 
mineralization

Bone Markers Elevated (high 
resorption markers)

Elevated due 
to impaired 
mineralization

Low due to suppressed 
bone activity

Variable (reflects 
both high and low 
turnover)

Complications

Bone pain, 
deformities, fractures, 
brown tumours 
(severe cases)

Soft bones, increased 
risk of fractures

Increased fracture 
risk, low bone density

Increased fracture 
risk, difficult to treat 
due to dual pathology

Treatment 
Approach

Phosphate binders, 
vitamin D analogues, 
calcimimetics, surgery 
(severe)

Correct vitamin D 
deficiency, avoid 
aluminium exposure

Reduce calcium and 
vitamin D intake, 
careful management 
of PTH levels

Balancing treatments 
for both high and low 
turnover

In bone imaging, ultrasound visualizes only the cortical surface as a bright (hyperechoic) line, 
without the ability to assess trabecular architecture [14,23,24]. While ultrasound can occasionally 
help identify periosteal changes, hematoma, or tendon involvement, definitive diagnosis of avul-
sion fractures typically relies on radiography, CT, and MRI. In our patient, radiographic and cross-
sectional imaging findings were sufficient to confirm the diagnosis, with ultrasound providing sup-
portive but non-essential information.

Uraemic tendinopathy is a condition observed in patients with chronic renal failure, particu-
larly those undergoing long-term haemodialysis. It can lead to spontaneous tendon ruptures, such 
as quadriceps or Achilles tendon ruptures, due to the altered metabolic state associated with renal 
insufficiency. Although the exact pathophysiology remains unclear, factors like secondary hyperpar-
athyroidism and uremia contribute to tendon weakening. The cases reported involved spontaneous 
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ruptures, suggesting a possible link between chronic renal failure and tendon pathology, leading to 
the concept of ‘uremic tendinopathy’ [29].

In our case, the left triceps avulsion fracture was quite obvious, with the loss of elbow extension 
against gravity with a palpable gap in the tendon. Hence, the left elbow was immobilized in a plaster 
back slab, and only the right elbow ultrasound scan was performed at the time of presentation.  Ra-
diographs, CT, and MRI were helpful in confirming the diagnosis of avulsion fractures and exclud-
ing the differential diagnosis of Hydroxyapatite Deposition Disease (HADD) in the tendons, which is 
also common in patients with renal osteodystrophy.

Table 2. Imaging features of Renal Osteodystrophy 

Imaging Modality Radiological Features of Renal Osteodystrophy

Radiography

- Osteosclerosis (especially in the axial skeleton)  
- ‘Rugger jersey spine’ (alternating bands of sclerosis and lucency in vertebrae)  
- Subperiosteal bone resorption, most notably in the hands (acro-osteolysis)  
- Brown tumours (osteolytic lesions)  
- Soft tissue and vascular calcifications

CT

- Diffuse osteosclerosis  
- Brown tumours appearing as lytic bone lesions  
- Cortical tunnelling and thinning  
- Subperiosteal and subchondral bone resorption

MRI
- Bone marrow oedema due to metabolic imbalances  
- Soft tissue involvement in brown tumours  
- Imaging of amyloid deposition (linked with long-term haemodialysis)

Bone Scintigraphy - Increased uptake in areas of high bone turnover (e.g., brown tumours)  
- Distribution of metabolic bone disease across the skeleton, Super scan

Take-away Points:

•	 Renal osteodystrophy in ESRD leads to weakened bones and increases the risk of atraumatic 
fractures, including rare avulsion injuries.

•  	 Radiography and CT are primary modalities for diagnosing avulsion fractures; ultrasound plays 
a supportive role when needed for soft tissue assessment.

•  	 Classical signs like brown tumours may be absent; diffuse sclerosis and subperiosteal resorption 
can still indicate renal osteodystrophy.

•  	 Biochemical markers (e.g., PTH, calcium, phosphate, alkaline phosphatase) are critical in deter-
mining the type of renal osteodystrophy and guiding treatment.

•  	 Treatment should be tailored to fracture severity, ranging from conservative management to sur-
gical fixation for displaced injuries. The presented case underscores the importance of recogniz-
ing uremic bone disease in young ESRD patients with atraumatic fractures.

Author contributions
V. R. K. P.: conceptualization, methodology, formal analysis, investigation, images, tables, writing – 
original draft, writing – review and editing, visualization.
R. B.: conceptualization, methodology, formal analysis, investigation, writing – review and editing.
K. P. I.: methodology, formal analysis, investigation, writing – review and editing.
S. C.: writing – investigations, review and editing.
A. R. S.: writing – clinical history, images, review and editing.
B. R.: writing – clinical history, tables, review and editing.



ISSN 1392-0138   eISSN 2029-4174   Acta Medica Lituanica. 2025. Vol. 32. No 2

320

References
1.	 Chin TY, Chou H, Peh WCG. The Acutely Injured Elbow. Radiol Clin North Am. 2019;57(5):911-930. 

doi:10.1016/j.rcl.2019.03.006
2.	 Marshall RA, Mandell JC, Weaver MJ, Ferrone M, Sodickson A, Khurana B. Imaging Features and Management 

of Stress, Atypical, and Pathologic Fractures. Radiographics. 2018;38(7):2173-2192. doi:10.1148/rg.2018180073
3.	 Pentecost RL, Murray RA, Brindley HH. Fatigue, Insufficiency, and Pathologic Fractures. JAMA. 1964;187:1001-

1004. doi:10.1001/jama.1964.03060260029006
4.	 Hedge G, Thaker S, Botchu R, Fawcett R, Gupta H. Atraumatic fractures of the femur. Br J Radiol. 

2021;94(1121):20201457. doi:10.1259/bjr.20201457
5.	 Afra R, Boardman DL, Kabo JM, Eckardt JJ. Avulsion fracture of the lesser trochanter as a result of a pre-

liminary malignant tumor of bone. A report of four cases. J Bone Joint Surg Am. 1999;81(9):1299-1304. 
doi:10.2106/00004623-199909000-00011

6.	 Shah A, Hashmi MF, Aeddula NR. Chronic Kidney Disease-Mineral Bone Disorder (CKD-MBD). In: Stat-
Pearls [Internet]. Treasure Island (FL): StatPearls Publishing; 2024 [cited 2024 Oct 1]. http://www.ncbi.nlm.
nih.gov/books/NBK560742/

7.	 Pimentel A, Ureña-Torres P, Bover J, Luis Fernandez-Martín J, Cohen-Solal M. Bone Fragility Fractures in 
CKD Patients. Calcif Tissue Int. 2021;108(4):539-550. doi:10.1007/s00223-020-00779-z

8.	 Naylor KL, McArthur E, Leslie WD, Fraser LA, Jamal SA, Cadarette SM, et al. The three-year incidence of 
fracture in chronic kidney disease. Kidney Int. 2014;86(4):810-818. doi:10.1038/ki.2013.547

9.	 Alem AM, Sherrard DJ, Gillen DL, Weiss NS, Beresford SA, Heckbert SR, et al. Increased risk of hip frac-
ture among patients with end-stage renal disease. Kidney Int. 2000;58(1):396-399. doi:10.1046/j.1523-
1755.2000.00178.x

10.	 Maravic M, Ostertag A, Urena P, Cohen-Solal M. Dementia is a major risk factor for hip fractures in patients 
with chronic kidney disease. Osteoporos Int. 2016;27(4):1665-1669. doi:10.1007/s00198-015-3429-y

11.	 de Bruin IJA, Wyers CE, Souverein PC, van Staa TP, Geusens PPMM, van den Bergh JPW, et al. The risk of new 
fragility fractures in patients with chronic kidney disease and hip fracture-a population-based cohort study in 
the UK. Osteoporos Int. 2020;31(8):1487-1497. doi:10.1007/s00198-020-05351-x

12.	 Kim SH, Yi SW, Yi JJ, Kim YM, Won YJ. Chronic Kidney Disease Increases the Risk of Hip Fracture: A Pro-
spective Cohort Study in Korean Adults. J Bone Miner Res. 2020;35(7):1313-1321. doi:10.1002/jbmr.3997

13.	 Cho HS, Lee YK, Yoon BH, Park JW, Ha YC, Koo KH. Isolated Avulsion Fracture of the Lesser Trochanter in 
Adults. In Vivo. 2020;34(6):3519-3526. doi:10.21873/invivo.12193

14.	 Bianchi S. Ultrasound and bone: a pictorial review. J Ultrasound. 2020;23(3):227-257. doi:10.1007/s40477-020-
00477-4

15.	 Bergh C, Wennergren D, Möller M, Brisby H. Fracture incidence in adults in relation to age and gender: 
A study of 27,169 fractures in the Swedish Fracture Register in a well-defined catchment area. PloS One. 
2020;15(12):e0244291. doi:10.1371/journal.pone.0244291

16.	 Patten RM, Mack LA, Wang KY, Lingel J. Nondisplaced fractures of the greater tuberosity of the humerus: 
sonographic detection. Radiology. 1992;182(1):201-204. doi:10.1148/radiology.182.1.1727282

17.	 Bianchi S, Becciolini M. Ultrasound Evaluation of Sesamoid Fractures of the Hand: Retrospective Report of 13 
Patients. J Ultrasound Med. 2019;38(7):1913-1920. doi:10.1002/jum.14852

18.	 Bianchi S, Luong DH. Stress Fractures of the Calcaneus Diagnosed by Sonography: Report of 8 Cases. J Ultra-
sound Med. 2018;37(2):521-529. doi:10.1002/jum.14276

19.	 Cho KH, Lee YH, Lee SM, Shahid MU, Suh KJ, Choi JH. Sonography of bone and bone-related diseases of the 
extremities. J Clin Ultrasound. 2004;32(9):511-521. doi:10.1002/jcu.20066

20.	 Ricci V, Abdulsalam AJ, Özçakar L. Ultrasound Imaging for Dummies: Getting oriented among the planes. J 
Rehabil Med. 2019;51(8):624-625. doi:10.2340/16501977-2581

21.	 Lazović D, Wegner U, Peters G, Gossé F. Ultrasound for diagnosis of apophyseal injuries. Knee Surg Sports 
Traumatol Arthrosc. 1996;3(4):234-237. doi:10.1007/BF01466625

22.	 Pisacano RM, Miller TT. Comparing sonography with MR imaging of apophyseal injuries of the pelvis in four 
boys. AJR Am J Roentgenol. 2003;181(1):223-230. doi:10.2214/ajr.181.1.1810223

23.	 Saul T, Ng L, Lewiss RE. Point-of-care ultrasound in the diagnosis of upper extremity fracture-dislocation. A 
pictorial essay. Med Ultrason. 2013;15(3):230-236. doi:10.11152/mu.2013.2066.153.ts1ln2



Vijay Ram Kumar Papineni et al. Bilateral Olecranon and Left Lesser Trochanter Avulsion Fractures in Renal Osteodystrophy...

321

24.	 Wu WT, Chang KV, Hsu YC, Hsu PC, Ricci V, Özçakar L. Artifacts in Musculoskeletal Ultrasonography: From 
Physics to Clinics. Diagnostics (Basel). 2020;10(9):645. doi:10.3390/diagnostics10090645

25.	 Moraux A, Gitto S, Bianchi S. Ultrasound Features of the Normal and Pathologic Periosteum. J Ultrasound 
Med. 2019;38(3):775-784. doi:10.1002/jum.14762

26.	 Bisseret D, Kaci R, Lafage-Proust MH, Alison M, Parlier-Cuau C, Laredo JD, Bousson V. Periosteum: charac-
teristic imaging findings with emphasis on radiologic-pathologic comparisons. Skeletal Radiol. 2015;44(3):321-
338. doi:10.1007/s00256-014-1976-5

27.	 Chang KV, Şahin Onat Ş, Lee CW, Kara M, Hung CY, Özçakar L. EURO-MUSCULUS/USPRM basic scanning 
protocols revisited in children. Eur J Phys Rehabil Med. 2016;52(6):887-901.

28.	 Dumitriu D, Menten R, Clapuyt P. Ultrasonography of the bone surface in children: normal and pathological 
findings in the bone cortex and periosteum. Pediatr Radiol. 2022;52(7):1392-1403. doi:10.1007/s00247-022-
05289-8

29.	 Hofmann GO, Weber T, Lob G. Sehnenrupturen bei chronischer Niereninsuffizienz--”Urämische Insertion-
stendopathie”? Eine literaturgestützte Dokumentation dreier Fälle [Tendon rupture in chronic kidney insuffi-
ciency--”uremic tendonopathy”? A literature-supported documentation of 3 cases]. Chirurg. 1990;61(6):434-
437.


