
Vol.:(0123456789)

International Urology and Nephrology (2026) 58:1381–1391 
https://doi.org/10.1007/s11255-025-04781-y

NEPHROLOGY – REVIEW

Bone disease in kidney transplant: don’t forget about osteomalacia: 
a case report and literature review

Francesco Aguanno1 · Alessia Passaseo1 · Simona Barbuto2 · Daniele Vetrano1 · Guido Zavatta3 · Guido Marzocchi4 · 
Sandro Giannini5 · Giorgia Comai1,2 · Gaetano La Manna1,2 · Giuseppe Cianciolo2

Received: 6 July 2025 / Accepted: 4 September 2025 / Published online: 25 September 2025 
© The Author(s) 2025

Abstract
Introduction  Osteomalacia is an often-overlooked manifestation of post-transplant bone disease that may persist or newly 
develop in kidney transplant recipients because of pre-existing chronic kidney disease–mineral and bone disorder, ongoing 
immunosuppression, and alterations in calcium-phosphate metabolism. Severe vitamin D deficiency, hypophosphatemia, and 
secondary hyperparathyroidism create a metabolic milieu that favors osteoid mineralization defect and leads to debilitating 
skeletal pain and fragility fractures.
Objective  This case report documents the clinical course, diagnostic work-up, and therapeutic response of a kidney-transplant 
recipient with severe vitamin D deficiency, with the aim of raising awareness of this condition and outlining practical man-
agement strategies.
Case report  A 61-year-old woman underwent living-donor kidney transplantation in 2020. Four months later, she presented 
with diffuse bone pain, progressive gait impairment, and laboratory evidence of hypercalcemic hyperparathyroidism (PTH 
130 pg/mL), severe vitamin D deficiency (25[OH]D 7 ng/mL), and hypophosphatemia (2.8 mg/dL). Very high levels of 
bone-specific alkaline phosphatase may reflect both bone mineralization defect and high bone turnover. Imaging supported 
the diagnosis of osteomalacia, revealing bone-marrow edema of both knees, Looser zones, and focal radiotracer uptake 
on ^99mTc-MDP scintigraphy. The patient started treatment with high-dose cholecalciferol (60,000 IU/day) followed by 
monthly calcifediol, together with continued cinacalcet and subsequent oral bisphosphonate therapy; this regimen normalized 
25(OH)D (42 ng/mL), reduced bone-turnover markers, and enabled the recovery of independent ambulation within 9 months. 
Follow-up dual-energy X-ray absorptiometry showed lumbar BMD improvement (T-score −3.7 to −2.6) and stabilization 
of femoral osteopenia at 26 months post-transplant.
Conclusion  Early recognition of osteomalacia after kidney transplantation and aggressive correction of vitamin D deficiency, 
phosphate wasting, and hyperparathyroidism can result in rapid symptomatic relief and partial reversal of bone loss. Routine 
monitoring of mineral metabolism and bone turnover markers should therefore be integrated into post-transplant care to 
prevent delayed diagnosis. Controlled studies are warranted to define optimal supplementation protocols and thresholds in 
this population.
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Introduction

Kidney transplantation remains the optimal renal replace-
ment therapy for eligible dialysis-dependent patients with 
kidney failure, as it fully restores kidney function. Compared 
to patients maintained on dialysis, kidney transplant recipi-
ents (KTRs) exhibit improved survival, reduced dialysis-
associated morbidity, lower cardiovascular risk, enhanced 
quality of life, and reduced healthcare costs [1, 2]. However, 
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bone and mineral disorders are still a burden in KTRs [3, 4]. 
Various clinical studies have shown ongoing disturbances 
of mineral metabolism and a progressive loss of bone mass 
after kidney transplantation, especially during the first post-
transplant year, as evidenced by laboratory parameters and 
imaging techniques [3–9]. In particular, as kidney function 
begins to recover, several alterations in calcium-phosphorus 
metabolism occur, including hypophosphatemia, hyper-
calcemia, hyperparathyroidism, and vitamin D deficiency 
[10–13]. In this context, fibroblast growth factor 23 (FGF23) 
plays an important role in phosphate and vitamin D metabo-
lism and remains elevated in the immediate post-transplant 
period, reflecting the patient’s pre-transplant mineral metab-
olism abnormalities. However, as graft function stabilizes 
and phosphate homeostasis improves, FGF23 concentration 
declines, typically around three months after transplanta-
tion. By one year post-transplant, FGF23 levels continue 
to decrease and usually reach a new steady state that corre-
sponds to the patient’s level of kidney function. At this point, 
FGF23 concentration is often comparable to that observed 
in non-transplanted chronic kidney disease (CKD) patients 
with similar estimated glomerular filtration rate (eGFR) val-
ues, suggesting that kidney function, rather than transplant 
status per se, becomes the primary determinant of FGF23 
levels [14, 15].

Although it has long been assumed that successful kid-
ney transplantation largely resolves CKD–mineral and bone 
disorder (CKD-MBD), abnormalities of mineral and bone 
metabolism can still present in KTRs. This condition is 
known as post-transplantation bone disease (PTBD) and 
is characterized by a bone phenotype that reflects all the 
patient’s pre-transplant complications, even before CKD 
onset.

Hypophosphatemia, hypercalcemia, and hypovitaminosis 
D are indeed highly prevalent among KTRs [12]. However, 
secondary hyperparathyroidism (SHPT) completely resolves 
in only 30% and 57% of transplanted patients within the first 
and second year post-transplantation, respectively.

Post-transplant hyperparathyroidism can be distinguished 
into a persistent (maladaptive response) versus de novo 
form (compensatory adaptive response). Persistent 
hyperparathyroidism results from preexisting CKD-
MBD with SHPT, while de novo hyperparathyroidism is 
predominantly elicited by decreasing graft function. The 
main predictive factors of persistent SHPT after transplant 
are dialysis vintage, high pre-transplant parathyroid 
hormone (PTH) levels, and the size of the parathyroid 
glands [15]. In KTRs, these changes are largely attributable 
to pre-existing bone damage and CKD–MBD that persist 
after transplantation, de novo CKD–MBD, and the effects of 
immunosuppressive therapy, particularly corticosteroids and 
calcineurin inhibitors. The contribution of each component 
to the overall scenario changes over time [12, 13, 16–19].

Vitamin D deficiency, defined as 25(OH)D levels <30 ng/
mL, is very common following transplantation, occurring in 
up to 80% of KTRs by three months post-transplantation and 
persisting in the short- and long-term even in the presence 
of normal graft function [4, 12].

Osteomalacia is a metabolic bone disease characterized 
by an impaired mineralization of newly formed osteoid due 
to vitamin D deficiency and/or insufficient calcium and 
phosphate availability that leads to hypocalcemia, hypophos-
phatemia, and bone loss. Reduced availability of vitamin D 
due to poor production and/or absorption of cholecalciferol 
induces deficiency of the physiologically active form of 
1,25(OH)2D resulting in defective mineralization of osteoid. 
Bone formation is driven by the deposition of hydroxyapa-
tite crystals on the osteoid matrix. These changes may also 
reflect an apparent resistance of bone cells to vitamin D, 
resulting in an impaired response of vitamin D receptors 
(VDR) [4]. Patients with advanced kidney disease are at 
increased risk for a spectrum of bone disorders, including 
osteitis fibrosa, adynamic bone disease, and osteomalacia. 
Osteomalacia is particularly frequent among KTRs, yet it 
often remains underdiagnosed in both pre- and post-trans-
plant settings [19, 20]. Notably, bone biopsy studies in KTRs 
have revealed a significant prevalence of focal or generalized 
osteomalacia, even in patients with normal calcitriol levels 
[20].

Hypophosphatemia is frequently observed in the first 
months after kidney transplantation and is usually multi-
factorial, transient, and asymptomatic. Persistent hypophos-
phatemia resulting from excessive kidney phosphorus wast-
ing is an important but overlooked cause of osteodystrophy 
in the kidney transplant population [7, 20].

This report describes the case of a patient with severe 
osteoarticular pains secondary to severe vitamin D defi-
ciency, hypophosphatemia, persistent hyperparathyroidism, 
and BMD loss after successful kidney transplantation.

Case report

A 61-year-old woman underwent kidney transplantation 
from a related living donor. She had a history of CKD sec-
ondary to IgA nephropathy, diagnosed in 1997, for which 
she was initially treated with peritoneal dialysis for 70 
months, followed by hemodialysis for approximately eight 
months beginning in 2020.

During the dialysis period, the patient developed 
SHPT, which was managed with cinacalcet, calcitriol, and 
paricalcitol, in accordance with the KDIGO guidelines 
[21]. However, these treatments were not effective, as 
proven by persistently elevated PTH levels of up to 690 pg/
mL (normal range: 12–88  pg/mL), hyperphosphatemia 
(serum phosphate 7.7 mg/dL), and a mild tendency toward 
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hypercalcemia (serum calcium 10 mg/dL). Imaging studies 
revealed enlarged parathyroid glands. Two months prior to 
the kidney transplant, the patient underwent selective right 
inferior parathyroidectomy, which histologically confirmed 
the presence of parathyroid adenoma.

In 2020, the patient received a kidney transplant from a 
living donor, with compatible blood group and an identi-
cal HLA panel. Induction therapy with basiliximab was not 
administered, as the transplant was from a living donor with 
identical HLA matching. The patient was started on a triple 
immunosuppressive regimen consisting of corticosteroids, 
tacrolimus (which was switched to cyclosporine after two 
months), and mycophenolic acid for maintenance therapy.

The patient presented to our clinic approximately four 
months after kidney transplant with a recurrence of hyper-
calcemic hyperparathyroidism (calcium 10.7 mg/dL; PTH 
130 pg/mL). She complained of widespread joint pain, 
particularly in the lower limbs, without signs of inflam-
mation, and reported progressively worsening difficulty 

with ambulation. Blood tests showed a satisfying graft 
function with creatinine at 1.1 mg/dL and mildly reduced 
eGFR (54  mL/min/1.73  m2), hypercalcemia (calcium 
11.2 mg/dL), hypophosphatemia (phosphate 2.8 mg/dL), 
increased bone formation and resorption markers (osteo-
calcin 116.6 ng/mL; bone alkaline phosphatase ([BALP] 
105 µg/L, crosslaps 4082 ng/mL). BALP was markedly 
higher than osteocalcin, a pattern that is consistent with a 
mineralization defect and supportive of the diagnosis of 
osteomalacia. PTH decreased to 95 pg/mL, thus approach-
ing the normal range, while the patient was receiving cina-
calcet at a dose of 30 mg/day. Additionally, severe vitamin 
D deficiency was noted, with a level of 7 ng/mL. The FePI 
(Fractional Excretion of Phosphate) was 30.6%, indicating 
renal phosphate wasting. Skeletal scintigraphy 99m Tc-
MDP revealed focal areas of radiotracer hyperaccumula-
tion in proximity to the lateral wall of the 4th right rib, 
right elbow, left wrist, bilateral knees and ankles (Fig. 1).

Fig. 1   Skeletal scintigraphy 
99m Tc-MDP
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Vertebral morphometry showed two fractures of the 
vertebral bodies of D6 and D7 and reduced L5-S1 disk 
space. Dual-Energy X-ray Absorptiometry (DEXA) scan 
showed lumbar osteoporosis (L1-L4 T score −3.7) and 
femoral osteoporosis (T score −2.9). A contrast-enhanced 
ultrasound of the parathyroids identified an enlarged, 
hyperfunctioning parathyroid (measuring 11 × 3 mm).

X-rays of the shoulders and right knee were negative 
for fractures. Magnetic resonance imaging (MRI) of the 
left knee revealed diffuse trabecular edema in the patella, 
tibial plateau, and femoral condyles. An area of bone rar-
efaction compatible with Looser zones was identified on 
the hip X-ray (Fig. 2).

Based on these findings, we suspected osteomalacia 
secondary to severe vitamin D deficiency and started the 
administration of therapy with cholecalciferol at a dose of 
60,000 IU per day.

One month later (six months post-transplant), the 
patient came to our outpatient clinic in a wheelchair due 
to persistent walking impairment, although she reported 
partial relief of pain. Bilateral knee MRI (Fig. 3) high-
lighted significant bone marrow edema, while laboratory 
tests showed only a modest increase in serum 25(OH)D 
levels (19 ng/mL), with persistently elevated bone turno-
ver markers. As a result, calcifediol (0.266 mg, one tablet 
per month) was added to the treatment regimen, without 
introducing antiresorptive therapy.

After five months of native vitamin D supplementation 
and nine months post-transplant, the patient was able to 
walk independently with the aid of crutches, experienc-
ing significant pain relief and achieving a 25(OH)D level 
of 42 ng/mL. A follow-up bilateral knee MRI showed a 
reduction in bone marrow edema (Fig. 4).

We recommended antiresorptive therapy with oral 
bisphosphonates; however, the patient did not begin 
treatment due to the need for dental implants.

At 26 months post-kidney transplant, the patient was 
fully independent in ambulation without requiring assistive 
devices.

As detailed in Table 1, laboratory tests showed persistent 
SHPT with a PTH level of 132 pg/mL, a trend toward hyper-
calcemia (serum calcium 10.8 mg/dL), and increased bone 
turnover markers, though with improvements compared 
to previous evaluations (osteocalcin 47.2 ng/mL, BALP 
24.8 µg/L, and serum C-terminal telopeptide of type I col-
lagen [CTX] 0.963 ng/mL). The trends over time of vitamin 
D, BALP, and phosphate are detailed in Fig. 5 A, B and C, 
respectively.

DEXA revealed persistent lumbar osteoporosis with an 
improved T-score (L1–L4 BMD 0.817 g/cm2, T-score −3.0) 
and femoral osteopenia (femoral neck BMD 0.710 g/cm2, 
T-score −2.3; total femur BMD 0.821 g/cm2, T-score −1.5) 
(Table 2).

Vertebral morphometry revealed stable anterior wedge 
deformities at T6 (5 mm reduction in anterior vertebral 
height) and T7 (7 mm reduction). Based on these findings, 
we again recommended initiating antiresorptive therapy with 
bisphosphonates, which the patient agreed to start.

After one year of bisphosphonate therapy, she pre-
sented in good overall clinical condition and stable kidney 
function within normal limits. However, hypercalcemic 
hyperparathyroidism persisted, and bone turnover markers 
remained mildly elevated but showed further improvement 
(osteocalcin 62.5 ng/mL, BALP 25 µg/L, and serum C-ter-
minal telopeptide of type I collagen [CTX] 0.677 ng/mL). Fig. 2   X-rays of the shoulders and right knee

Fig. 3   Bilateral knee MRI, six months post-transplant
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Notably, BALP was disproportionately elevated compared 
to osteocalcin.

DEXA showed improvement in lumbar osteoporosis 
(L1–L4 BMD 0.863 g/cm2, T-score −2.6), while femoral 
osteopenia remained stable (femoral neck BMD 0.712 g/
cm2, T-score −2.2; total femur BMD 0.809 g/cm2, T-score 
−1.6). X-ray imaging showed regression of bone rarefaction 
consistent with Looser zones.

Discussion and literature review

PTBD often presents a more complex clinical and patho-
physiological scenario than the alterations associated with 
CKD-MBD. In de novo KTRs treated with a steroid mini-
mization immunosuppressive protocol, BMD changes espe-
cially in the first post-transplant year are highly variable, 
with 30–40% of patients showing substantial bone loss. 
Decreasing levels of PTH and bone turnover markers within 
the first 3 months post-transplant are associated with reduced 

BMD loss, and in some cases even BMD gain. Conversely, 
persistently elevated bone resorption markers throughout the 
first post-transplant year are linked to greater BMD loss. 
Delayed mineralization is present in KTRs in a variable 
range between 22 and 88%. This variability is related to the 
definition used in the studies to describe abnormal minerali-
zation and with no clear trends in mineralization depending 
on the time since transplantation [22–25].

Although in KTRs, osteomalacia often results from 
vitamin D deficiency pre-existing to the kidney transplant, 
immunosuppression may inf luence the vitamin D 
metabolism [26]. Jorgensen et al. reported that commonly 
used immunosuppressive agents can adversely affect 
bone metabolism [25]. Glucocorticoids enhance the 
activity of 24-hydroxylase; this leads to reduced levels of 
1,25-dihydroxyvitamin D. Additionally, glucocorticoids may 
downregulate VDR expression, thereby inducing a state of 
vitamin D resistance [4, 16, 25, 27].

Calcineurin inhibitors, such as cyclosporine A and tac-
rolimus, impair vitamin D metabolism by suppressing VDR 

Fig. 4   Bilateral knee MRI, nine 
months post-transplant and five 
months of native vitamin D sup-
plementation initiation

Table 1   Serum laboratory parameter trends over time (months post-transplant)

BALP bone alkaline phosphatase, PTH parathyroid hormone
a Serum creatinine reference range is given for female sex
b Second generation PTH assay

Reference range Month 4 Month 6 Month 8 Month 10 Month 13 Month 17 Month 39

Creatininea, mg/dL 0.6–1.1 1.10 1.06 0.92 0.92 1.06 1.18 0.82
Calcium, mg/dL 8.8–10.4 11.2 10.9 10.6 10.7 10.2 9.9 10.8
Phosphate, mg/dL 2.5–4.5 2.8 3.8 3.6 4.1 4.3 4.2 3.3
PTHb, pg/mL 12–88 94 82 102 148 135 118 132
Osteocalcin, mg/dL 10–46 116.5 140.6 182.4 254 254 102.8 47.2
BALP, μg/L 5–27 106 105 131 24.8 79 43 24.8
Cross-laps, ng/mL 0.112–0.738 4.082 4.018 5.036 4.939 1.988 1.506 0.963
Vitamin D, ng/L >30 7 19 42 40 45 48 21
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expression in the kidney, leading to decreased expression 
of vitamin D-dependent calcium-binding proteins [19]. 
This suppression results in kidney calcium wasting despite 
elevated plasma levels of 1,25(OH)2D, suggesting a state 
of vitamin D resistance. Furthermore, both calcineurin 

inhibitors and 1,25(OH)2D are substrates of the cytochrome 
P450 enzyme CYP3A4. Collectively, these alterations con-
tribute to an increased risk of bone disease and underscore 
the importance of tailored vitamin D supplementation in 
immunosuppressed populations [28].

Vitamin D deficiency results in hypocalcemia, hypophos-
phatemia, bone loss, deranged bone turnover, and miner-
alization. Osteomalacia is characterized by the accumula-
tion of unmineralized osteoid, leading to bone softening 
and reduced strength. In severe cases, mineralization may 
halt completely, but lesions can reverse with correction of 
metabolic abnormalities [23, 24]. Hypophosphatemia and 
vitamin D deficiency often coexist in KTRs, and both con-
tribute to osteomalacia: adequate PO4 and vitamin D levels 
are necessary for normal biomineralization [29]. In KTRs, 
histomorphometry findings often show increased osteoid 
volume and a higher likelihood of delayed mineralization 
as compared with patients with normal phosphate levels [22, 
26].

Hypophosphatemia occurs in the early months following 
kidney transplantation, often due to persistent hyperparathy-
roidism and elevated FGF23 levels, which increase urinary 
phosphate excretion [3]. These abnormalities usually resolve 

Fig. 5   Changes over time of: A vitamin D; B BALP; and C phosphate

Table 2   Changes in bone mineral density

Notes: T-score: T-score < −2.5 = Osteoporosis, T-score between −1 
and −2.5 = Osteopenia; aBMD: Density — bone mineral density 
measured per square centimeters (g/cm2); L1–L4: lumbar vertebrae 
1–4: Total hip: total hip region
aBMD areal bone mineral density, BMD bone mineral density

Month 6 Month 25 Month 39

L1–L4
 T-score −3.7 −2.8 −3
 aBMD 0.738 0.842 0.817

Total hip
 T-score −2.8 −2.3 −1.5
 aBMD 0.661 0.767 0.821

Femoral neck
 T-score −2.9 −2 −2.3
 aBMD 0.628 0.737 0.710
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within one year, but can contribute to osteomalacia by reduc-
ing phosphate availability for bone mineralization. FGF23 
also suppresses 1α-hydroxylase and induces 24-hydroxylase, 
leading to lower active vitamin D levels, while PTH exerts 
the opposite effect. In our patient, hypophosphatemia related 
to high PTH, vitamin D deficiency, probable excess FGF23, 
likely amplified the metabolic milieu for osteomalacia [14, 
15].

Although vitamin D deficiency is common in KTRs 
and can contribute to osteomalacia, it is often overlooked 
if hypercalcemia is present, and in this circumstance its 
supplementation is avoided. Moreover, persistence of this 
deficiency is clinically relevant since the coexistence with 
hyperparathyroidism may worsen skeletal fragility despite 
normalized kidney function [23, 25, 27].

Hypercalcemic hyperparathyroidism and widespread 
bone and joint pain (four months after kidney transplant) 
are the causes for patient referral to our clinic dedicated to 
bone and mineral disease. The coexistence of hypercalce-
mia and hyperparathyroidism is considered a distinct though 
less frequent (21.5%) phenotype of persistent hyperparathy-
roidism, referred to as tertiary hyperparathyroidism [25]. 
Moreover, it must be emphasized that hypercalcemic hyper-
parathyroidism may not necessarily be an expression of high 
skeletal remodeling but may be related to increased renal 
calcium reabsorption (lower levels of calciuria): the mecha-
nisms underlying this atypical presentation remain currently 
unknown [28–31].

Clinically, osteomalacia manifests as diffuse skeletal pain, 
proximal myopathy, fractures of ribs/vertebrae/femoral neck, 
gait disturbance, and in severe cases, deformities; electrolyte 
imbalances may cause neuromuscular irritability [29, 32].

Radiographic signs of osteomalacia are discrete and 
appear in combination with other characteristic features 
of kidney bone disease. In osteomalacia, bone density is 
decreased, with loss of definition of the cortical bone and 
swelling of trabecular pattern. A rare but pathognomonic 
feature is the presence of Looser’s zones (i.e., Milkman’s 
fractures, pseudofractures), which are more common in the 
medial part of the femoral neck, pubic rami, ilii, scapulae, 
ribs, and acromion. Looser’s zones represent unmineralized 
osteoid and are seen as lucent symmetric lines perpendicular 
to the cortex; typically radiolucent lines do not extend across 
the whole width of the bone unless the fracture has occurred 
through it [33].

In osteomalacia, imaging techniques such as DEXA, ver-
tebral morphometry, and MRI can support the diagnosis, 
although none are specific when used alone. DEXA typi-
cally shows reduced BMD in the spine, hips, or forearm; 
however, it cannot reliably distinguish osteomalacia from 
osteoporosis [29].

Subchondral insufficiency fractures may also be 
observed in weight-bearing joints, such as the knees. 

Vertebral morphometry may show biconcave or “codfish” 
vertebrae in chronic cases, although vertebral fractures are 
less frequent than in osteoporosis and early disease can 
present only with subtle vertebral height loss [34].

In our patient, due to the clinical worsening with pro-
gressive inability to ambulate independently, an MRI was 
performed following orthopedic recommendation, reveal-
ing diffuse bone marrow edema involving the patella, tib-
ial plateaus, and femoral condyles. MRI may reveal bone 
marrow edema—which frequently occurs in various bone 
pathologies, appearing as high signal intensity on STIR or 
T2-weighted images—and bilateral.

In the patient described in this case report, several dif-
ferential diagnoses were considered and excluded, includ-
ing arthropathies, infection, osteonecrosis, and neoplastic 
lesions, based on clinical, laboratory, and imaging findings 
[35–37]. Although bone biopsy remains the gold standard, 
it was not performed. The combination of characteristic 
radiologic features (Looser’s zones, bone marrow edema), 
severe vitamin D deficiency, hypophosphatemia, elevated 
bone turnover markers, and the rapid clinical and imag-
ing improvement after vitamin D supplementation sup-
ported osteomalacia as a major contributor. However, the 
overall clinical presentation was likely due to a combi-
nation of osteomalacia and persistent hyperparathyroid 
bone disease, both of which were addressed through 
treatment of vitamin D deficiency and post-transplant 
hyperparathyroidism.

In summary, bone marrow edema is not a primary pathol-
ogy but rather a shared radiologic manifestation of under-
lying bone weakness and varied pathologies, highlighting 
the need to evaluate and address the root causes of reduced 
bone quality in affected patients (Table 3) [38, 39]. In our 
patient, the post‑transplant bone disease was not attribut-
able to a single mechanism. The persistent hyperparathy-
roidism, already present before transplantation, continued to 
drive high‑turnover bone disease after engraftment. At the 
same time, the inappropriate suspension of native vitamin 
D supplementation and the introduction of glucocorticoids 
unveiled a significant pre‑existing vitamin D deficiency. This 
combination created the metabolic setting for osteomala-
cia to emerge, as confirmed by imaging and bone turnover 
markers. Therefore, the skeletal involvement in this case 
should be interpreted as the consequence of both persistent 
hyperparathyroidism and superimposed osteomalacia, rather 
than being explained by one mechanism alone. Due to the 
persistence of bone pain and in the absence of specific clini-
cal or radiological signs of metabolic bone disease, skeletal 
scintigraphy was performed to rule out Paget’s disease. Skel-
etal scintigraphy with 99mTc-MDP revealed a focal area of 
radiotracer hyperaccumulation near the lateral wall of the 
right fourth rib, with no other significant areas of increased 
uptake suggestive of multifocal lesions or Paget’s disease .



1388	 International Urology and Nephrology (2026) 58:1381–1391

Osteomalacia is also a common cause of metabolic super-
scan, a characteristic bone scan pattern seen in various meta-
bolic bone diseases [36]. This pattern is marked by diffuse 
and intense uptake of the radiotracer throughout the skel-
eton. Despite decreased bone mineralization in patients with 
osteomalacia, osteoid formation, calcium deposition, bone 
turnover, and PTH levels are increased and cause superscan 
patterns. Additionally, foci of increased uptake in pseudo-
fractures (also known as Looser zones) can be observed in 
the femoral neck and scapula of patients [40].

An interesting finding in our case was the pattern of bone 
turnover markers before and after vitamin D treatment, 
reflecting coexistence of persistent hyperparathyroidism 
and vitamin D deficiency–related osteomalacia. Both condi-
tions can elevate bone turnover markers, albeit with different 
mechanisms, and contribute to skeletal fragility; neverthe-
less, the rapid clinical and radiological improvement after 
vitamin D repletion suggests osteomalacia was the dominant 
factor in the acute presentation, while hyperparathyroidism 
persisted as a chronic background process. This distinction 
is important for the case interpretation and management in 
similar post-transplant scenarios.

DEXA and vertebral morphometry assess bone mass and 
detect subclinical fractures but cannot determine bone turno-
ver, which is essential for identifying the disease phenotype 
and guiding therapy [41].

Emerging data suggest that bone turnover markers 
in CKD and KTRs might be used for the assessment of 
bone turnover, providing crucial insight into the dynam-
ics of bone metabolism. To avoid bias related to kidney 
retention, in the setting of CKD, bone turnover markers 
that are not cleared by the kidneys, such as BALP, tri-
meric PINP1 and tartrate-resistant acid phosphatase-5b 

(TRAP-5b), must be considered and correlate more spe-
cifically with histological bone turnover in CKD compared 
to PTH alone. The use of PTH together with bone turnover 
markers improves the sensitivity and specificity of predic-
tion models for both low and high bone turnover [41–43]. 
Monitoring their trend over time allowed us to evaluate 
therapeutic efficacy as well as patient compliance, helping 
to optimize therapy while minimizing the risk of adynamic 
bone disease [44, 45].

In our case, the clinical picture proved to be more complex 
than a classic vitamin D deficiency–related osteomalacia, 
as persistent hyperparathyroidism despite pharmacotherapy 
led to a simultaneous elevation of both bone formation 
and resorption markers and not to an isolated increase in 
BALP as typically seen in osteomalacia. Unfortunately, we 
were not able to determine PINP1 and TRAP-5b, as the 
assays were unavailable at that time. It can be postulated 
that the constellation of severe vitamin D deficiency, 
hypophosphatemia, imaging features such as Looser 
zones and bone marrow edema favored the diagnosis of 
osteomalacia rather than classic persistent hyperparathyroid 
bone disease. The underlying osteomalacia was likely 
already present in a subclinical form before transplantation 
and was unmasked and exacerbated by post‑transplant 
factors, including reduced sun exposure, steroid therapy, 
and discontinuation of vitamin D supplementation. The 
rapid clinical and radiological response to aggressive 
vitamin D replacement further supports osteomalacia as the 
predominant mechanism of bone fragility in this case.

The rationale for selecting solitary parathyroidectomy 
prior to transplantation remains unclear, particularly whether 
this choice was guided by preoperative findings or the iden-
tification of a single enlarged parathyroid gland, as the 

Table 3   Types of osteomalacia

Type of osteomalacia Causes Main characteristics

Vitamin D deficiency osteomalacia Decreased vitamin D production or absorp-
tion: inadequate sunlight, poor dietary intake, 
malabsorption disorders (e.g., celiac disease, 
Crohn’s disease)

Low calcium, low phosphate, secondary 
hyperparathyroidism

Osteomalacia due to alteration of vitamin D 
metabolism

Chronic kidney disease, nephrotic symptoms, 
pregnancy, liver diseases

Low 1,25(OH) vitamin D, seizures, bone 
deformities

X-linked hypophosphatemia Renal phosphate wasting due to PHEX muta-
tions or FGF23 excess

Serum phosphate is low; phosphate wasting in 
urine; bone deformities

Oncogenic osteomalacia (tumor-induced 
osteomalacia)

Secretion of FGF23 by mesenchymal tumors Low serum phosphate; phosphate wasting;

Drug-induced osteomalacia Anticonvulsants (phenytoin, phenobarbital), 
aluminum, excess bisphosphonate, isoniazid, 
rifampicin, ketoconazole, long term corticos-
teroid use

Serum abnormalities vary; depending on the 
interference with bone mineralization

Other causes (e.g., renal tubular acidosis, 
malabsorption, CKD)

Renal disorders, acid–base abnormalities, mal-
absorption, chronic disease, IV intravenous 
iron infusions

Serum abnormalities related to underlying 
disorders (calcium, phosphate, acid–base 
balance)
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patient’s pre-transplant care was conducted at a different 
nephrology center.

In addition to severe vitamin D deficiency, the coexist-
ence of a hypophosphatemia condition may have likely 
contributed to this patient’s onset of osteomalacia. These 
changes, including high FGF23, PTH, and increased uri-
nary phosphate excretion (phosphaturia), typically resolve 
within a year post-transplant [14, 15]. Unfortunately, FGF23 
was not measured; therefore, we cannot exclude that excess 
phosphatonin contributed to both vitamin D deficiency and 
hypophosphatemia.

The clinical presentation of osteomalacia is highly vari-
able and often asymptomatic; however, in more severe cases, 
symptoms of hypocalcemia may appear along with marked 
muscle weakness and difficulty walking. The prevalence of 
osteomalacia in patients with advanced CKD and KTRs is 
probably much more frequent than expected. It is a fact that 
in KTRs bone biopsy studies, the presence of focal or gen-
eralized osteomalacia was surprisingly widespread even if 
the calcitriol levels were normal [20]. In the case described 
here, vitamin D deficiency was documented prior to trans-
plantation and was likely longstanding. The effect of immu-
nosuppressive therapy on this condition of severe vitamin D 
deficiency was evident, which might have contributed fur-
ther, alongside the inappropriate discontinuation of cholecal-
ciferol. The consensual presence of hypophosphatemia with 
multifactorial genesis (high PTH and FGF23 levels, vitamin 
D deficiency) feasibly played a further role in the onset of 
osteomalacia. It is important to underline that the observed 
improvement in biochemical and clinical parameters should 
not be attributed to vitamin D supplementation alone. In 
this case, the ongoing therapy with cinacalcet contributed 
significantly to the early control of hyperparathyroidism 
and hypercalcemia, while the later initiation of bisphospho-
nate treatment further supported the consolidation of bone 
metabolism and stabilization of BMD.

The evidence clearly indicates that vitamin D supple-
mentation exerts a favorable effect on bone outcomes after 
kidney transplantation, likely mediated through improved 
control of hyperparathyroidism.

The target to be achieved in patients with CKD as well 
as KTRs remains a matter of debate. Our case suggests that 
preventing or correcting vitamin D deficiency in KTRs is 
likely a mandatory approach, given their unique pathophysi-
ological and clinical profile and the heightened risk they 
face from the consequences of vitamin D deficiency. Given 
the vitamin D deficiency present in many transplant candi-
dates, its identification and correction should be systematic 
and timely, in a clinical and pathophysiological context that 
inherently accentuates its severity. Similarly, the therapeu-
tic regimen should not be limited to the simple correction 

of vitamin D deficiency but should be extended to all the 
complex alterations of mineral metabolism present in KTRs.

Acknowledgements  We express our sincere gratitude to the patient for 
granting consent for the publication of this case report.

Author contributions  F.A. and A.P. conducted a comprehensive lit-
erature review, organized clinical data, and drafted the manuscript. 
S.B., D.V., G.Z., G.M., and S.G. contributed to data interpretation and 
diagnostic evaluation. G.C. and G.Ci. assisted in manuscript revision 
and clinical contextualization. G.L.M. supervised the project, reviewed 
all manuscript drafts, and provided final approval. All authors read and 
approved the final manuscript.

Funding  Open access funding provided by Alma Mater Studiorum 
- Università di Bologna within the CRUI-CARE Agreement. None.

Data availability  No datasets were generated or analyzed during the 
current study.

Declarations 

Competing interests  The authors declare that there are no competing 
interests.

Ethical approval  This study was conducted in accordance with the 
principles of the Declaration of Helsinki. Written informed consent 
was obtained from the patient for publication of this case and accom-
panying images.

Open Access  This article is licensed under a Creative Commons 
Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, 
as long as you give appropriate credit to the original author(s) and the 
source, provide a link to the Creative Commons licence, and indicate 
if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless 
indicated otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your intended 
use is not permitted by statutory regulation or exceeds the permitted 
use, you will need to obtain permission directly from the copyright 
holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/.

References

	 1.	 Tonelli M, Wiebe N, Knoll G et al (2011) Systematic review: kid-
ney transplantation compared with dialysis in clinically relevant 
outcomes. Am J Transplant 11(10):2093–2109. https://​doi.​org/​10.​
1111/j.​1600-​6143.​2011.​03686.x

	 2.	 Shi B, Ying T, Chadban SJ (2023) Survival after kidney transplan-
tation compared with ongoing dialysis for people over 70 years of 
age: a matched-pair analysis. Am J Transplant 23(10):1551–1560. 
https://​doi.​org/​10.​1016/j.​ajt.​2023.​07.​006

	 3.	 Cianciolo G, Cozzolino M (2016) FGF23 in kidney transplant: 
the strange case of doctor Jekyll and mister Hyde. Clin Kidney J 
9(5):665–668. https://​doi.​org/​10.​1093/​ckj/​sfw072

	 4.	 Cianciolo G, Galassi A, Capelli I, Angelini ML, La Manna G, 
Cozzolino M (2016) Vitamin D in kidney transplant recipients: 
mechanisms and therapy. Am J Nephrol 43(6):397–407. https://​
doi.​org/​10.​1159/​00044​6863

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1111/j.1600-6143.2011.03686.x
https://doi.org/10.1111/j.1600-6143.2011.03686.x
https://doi.org/10.1016/j.ajt.2023.07.006
https://doi.org/10.1093/ckj/sfw072
https://doi.org/10.1159/000446863
https://doi.org/10.1159/000446863


1390	 International Urology and Nephrology (2026) 58:1381–1391

	 5.	 Kim KJ, Ha J, Kim SW, Kim JE, Lee S, Choi HS, Hong N, Kong 
SH, Ahn SH, Park SY, Baek KH (2024) Bone loss after solid 
organ transplantation: a review of organ-specific considerations. 
Endocrinol Metab (Seoul) 39(2):267–282. https://​doi.​org/​10.​3803/​
EnM.​2024.​1939

	 6.	 Messa P, Cafforio C, Alfieri C (2010) Calcium and phos-
phate changes after renal transplantation. J Nephrol 23(Suppl 
16):S175–S181

	 7.	 Brandenburg VM, Politt D, Ketteler M, Fassbender WJ, Heussen 
N, Westenfeld R, Freuding T, Floege J, Ittel TH (2004) Early 
rapid loss followed by long-term consolidation characterizes the 
development of lumbar bone mineral density after kidney trans-
plantation. Transplantation 77(10):1566–1571. https://​doi.​org/​10.​
1097/​01.​tp.​00001​31990.​13277.​28

	 8.	 Mikuls TR, Julian BA, Bartolucci A, Saag KG (2003) Bone min-
eral density changes within six months of renal transplantation. 
Transplantation 75(1):49–54

	 9.	 Pichette V, Bonnardeaux A, Prudhomme L, Gagné M, Cardinal 
J, Ouimet D (1996) Long-term bone loss in kidney transplant 
recipients: a cross-sectional and longitudinal study. Am J Kid-
ney Dis 28(1):105–114. https://​doi.​org/​10.​1016/​s0272-​6386(96)​
90138-9

	10.	 Kwan JT, Almond MK, Evans K, Cunningham J (1992) Changes 
in total body bone mineral content and regional bone mineral 
density in renal patients following renal transplantation. Miner 
Electrolyte Metab 18(2–5):166–168

	11.	 Wolf M, Weir MR, Kopyt N, Mannon RB, Von Visger J, Deng 
H, Yue S, Vincenti F (2016) A prospective cohort study of min-
eral metabolism after kidney transplantation. Transplantation 
100(1):184–193. https://​doi.​org/​10.​1097/​TP.​00000​00000​000823

	12.	 Khairallah P, Nickolas TL (2022) Bone and mineral disease in 
kidney transplant recipients. Clin J Am Soc Nephrol 17(1):121–
130. https://​doi.​org/​10.​2215/​CJN.​03410​321

	13.	 Vangala C, Pan J, Cotton RT, Ramanathan V (2018) Mineral and 
bone disorders after kidney transplantation. Front Med Laus-
anne 5:211. https://​doi.​org/​10.​3389/​fmed.​2018.​00211

	14.	 Mazzaferro S, Pasquali M, Pugliese F, Citterio F, Gargiulo A, 
Rotondi S, Tartaglione L, Conte C, Pirrò G, Taggi F (2012) 
Distinct impact of vitamin D insufficiency on calcitriol levels 
in chronic renal failure and renal transplant patients: a role for 
FGF23. J Nephrol 25(6):1108–1118. https://​doi.​org/​10.​5301/​jn.​
50001​02

	15.	 Cianciolo G, Tondolo F, Barbuto S, Angelini A, Ferrara F, 
Iacovella F, Raimondi C, La Manna G, Serra C, De Molo C, 
Cavicchi O, Piccin O, D’Alessio P, De Pasquale L, Felisati G, 
Ciceri P, Galassi A, Cozzolino M (2022) A roadmap to par-
athyroidectomy for kidney transplant candidates. Clin Kidney 
J 15(8):1459–1474. https://​doi.​org/​10.​1093/​ckj/​sfac0​50

	16.	 Molinari P, Alfieri CM, Mattinzoli D, Campise M, Cervesato A, 
Malvica S, Favi E, Messa P, Castellano G (2022) Bone and min-
eral disorder in renal transplant patients: overview of pathol-
ogy, clinical, and therapeutic aspects. Front Med (Lausanne) 
9:821884. https://​doi.​org/​10.​3389/​fmed.​2022.​821884

	17.	 Altman AM, Sprague SM (2018) Mineral and bone disease in 
kidney transplant recipients. Curr Osteoporos Rep 16:703–711. 
https://​doi.​org/​10.​1007/​s11914-​018-​0490-4

	18.	 Evenepoel P (2013) Recovery versus persistence of disordered 
mineral metabolism in kidney transplant recipients. Semin 
Nephrol 33(2):191–203

	19.	 Bozkaya G, Nart A, Uslu A, Onman T, Aykas A, Doğan M, 
Karaca B (2008) Impact of calcineurin inhibitors on bone 
metabolism in primary kidney transplant patients. Transplant 
Proc 40(1):151–155. https://​doi.​org/​10.​1016/j.​trans​proce​ed.​
2007.​11.​040

	20.	 Monier-Faugere MC, Mawad H, Qi Q, Friedler RM, Malluche 
HH (2000) High prevalence of low bone turnover and occurrence 

of osteomalacia after kidney transplantation. J Am Soc Nephrol 
11(6):1093–1099. https://​doi.​org/​10.​1681/​ASN.​V1161​093

	21.	 Ghanekar H, Welch BJ, Moe OW, Sakhaee K (2006) Post-renal 
transplantation hypophosphatemia: a review and novel insights. 
Curr Opin Nephrol Hypertens 15(2):97–104. https://​doi.​org/​10.​
1097/​01.​mnh.​00002​03187.​49890.​cc

	22.	 Kidney Disease: Improving Global Outcomes (KDIGO) CKD-
MBD Update Work Group (2017) KDIGO 2017 Clinical Practice 
Guideline Update for the diagnosis, evaluation, prevention, and 
treatment of chronic kidney disease-mineral and bone disorder 
(CKD-MBD). Kidney Int Suppl 7(Suppl 1):1–59

	23.	 Miedziaszczyk M, Lacka K, Tomczak O, Bajon A, Primke M, 
Idasiak-Piechocka I (2022) Systematic review of the treatment of 
persistent hyperparathyroidism following kidney transplantation. 
Biomedicines 11(1):25. https://​doi.​org/​10.​3390/​biome​dicin​es110​
10025

	24.	 Kuypers D, D’Haese P, Cavalier E, Evenepoel P (2024) Associa-
tions of changes in bone turnover markers with change in bone 
mineral density in kidney transplant patients. Clin J Am Soc 
Nephrol 19(4):483–493. https://​doi.​org/​10.​2215/​CJN.​00000​00000​
000368

	25.	 Jørgensen HS, Behets G, Bammens B, Claes K, Meijers B, Naes-
ens M, Sprangers B, Kuypers DRJ, D’Haese P, Evenepoel P 
(2021) Patterns of renal osteodystrophy 1 year after kidney trans-
plantation. Nephrol Dial Transplant 36(11):2130–2139. https://​
doi.​org/​10.​1093/​ndt/​gfab2​39

	26.	 Courbebaisse M, Souberbielle JC, Thervet E (2010) Potential 
nonclassical effects of vitamin D in transplant recipients. Trans-
plantation 89(2):131–137. https://​doi.​org/​10.​1097/​TP.​0b013​e3181​
c6910f

	27.	 Jørgensen HS, de Loor H, Billen J, Peersman N, Vermeersch P, 
Heijboer AC, Ivison F, Vanderschueren D, Bouillon R, Naesens 
M, Kuypers D, Evenepoel P (2024) Vitamin D metabolites before 
and after kidney transplantation in patients who are anephric. Am 
J Kidney Dis 84(4):427-436.e1. https://​doi.​org/​10.​1053/j.​ajkd.​
2024.​03.​025

	28.	 Alfieri C, Molinari P, Vettoretti S, Fusaro M, Bover J, Cianciolo 
G, Pisacreta AM, Di Naro M, Castellano G (2024) Native vitamin 
d in CKD and renal transplantation: meaning and rationale for its 
supplementation. J Nephrol 37(6):1477–1485. https://​doi.​org/​10.​
1007/​s40620-​024-​02055-x

	29.	 Bhan A, Qiu S, Rao SD (2018) Bone histomorphometry in the 
evaluation of osteomalacia. Bone Rep 8:125–134. https://​doi.​org/​
10.​1016/j.​bonr.​2018.​03.​005

	30.	 Jørgensen HS, Evenepoel P (2023) Persistent hyperparathy-
roidism: a reality calling for additional evidence. Am J Kidney 
Dis 81(3):256–258. https://​doi.​org/​10.​1053/j.​ajkd.​2022.​10.​001

	31.	 Sutton W, Chen X, Patel P et al (2022) Prevalence and risk factors 
for tertiary hyperparathyroidism in kidney transplant recipients. 
Surgery 171(1):69–76. https://​doi.​org/​10.​1016/j.​surg.​2021.​03.​067

	32.	 Bouquegneau A, Salam S, Delanaye P, Eastell R, Khwaja A 
(2016) Bone disease after kidney transplantation. Clin J Am Soc 
Nephrol 11(7):1282–1296. https://​doi.​org/​10.​2215/​CJN.​11371​015

	33.	 Minisola S, Colangelo L, Pepe J, Diacinti D, Cipriani C, Rao SD 
(2020) Osteomalacia and vitamin D status: a clinical update 2020. 
JBMR Plus 5(1):e10447. https://​doi.​org/​10.​1002/​jbm4.​10447

	34.	 Jevtic V (2003) Imaging of renal osteodystrophy. Eur J Radiol 
46(2):85–95. https://​doi.​org/​10.​1016/​s0720-​048x(03)​00072-x

	35.	 Cianferotti L (2022) Osteomalacia is not a single disease. Int J 
Mol Sci 23(23):14896. https://​doi.​org/​10.​3390/​ijms2​32314​896

	36.	 Lim W, Saifuddin A (2019) Review article: the differential diag-
nosis of bone marrow edema on wrist MRI. Skeletal Radiol 
48(10):1525–1539. https://​doi.​org/​10.​1007/​s00256-​019-​03204-1

	37.	 Manara M, Varenna M (2014) A clinical overview of bone mar-
row edema. Reumatismo 66(2):184–196. https://​doi.​org/​10.​4081/​
reuma​tismo.​2014.​790

https://doi.org/10.3803/EnM.2024.1939
https://doi.org/10.3803/EnM.2024.1939
https://doi.org/10.1097/01.tp.0000131990.13277.28
https://doi.org/10.1097/01.tp.0000131990.13277.28
https://doi.org/10.1016/s0272-6386(96)90138-9
https://doi.org/10.1016/s0272-6386(96)90138-9
https://doi.org/10.1097/TP.0000000000000823
https://doi.org/10.2215/CJN.03410321
https://doi.org/10.3389/fmed.2018.00211
https://doi.org/10.5301/jn.5000102
https://doi.org/10.5301/jn.5000102
https://doi.org/10.1093/ckj/sfac050
https://doi.org/10.3389/fmed.2022.821884
https://doi.org/10.1007/s11914-018-0490-4
https://doi.org/10.1016/j.transproceed.2007.11.040
https://doi.org/10.1016/j.transproceed.2007.11.040
https://doi.org/10.1681/ASN.V1161093
https://doi.org/10.1097/01.mnh.0000203187.49890.cc
https://doi.org/10.1097/01.mnh.0000203187.49890.cc
https://doi.org/10.3390/biomedicines11010025
https://doi.org/10.3390/biomedicines11010025
https://doi.org/10.2215/CJN.0000000000000368
https://doi.org/10.2215/CJN.0000000000000368
https://doi.org/10.1093/ndt/gfab239
https://doi.org/10.1093/ndt/gfab239
https://doi.org/10.1097/TP.0b013e3181c6910f
https://doi.org/10.1097/TP.0b013e3181c6910f
https://doi.org/10.1053/j.ajkd.2024.03.025
https://doi.org/10.1053/j.ajkd.2024.03.025
https://doi.org/10.1007/s40620-024-02055-x
https://doi.org/10.1007/s40620-024-02055-x
https://doi.org/10.1016/j.bonr.2018.03.005
https://doi.org/10.1016/j.bonr.2018.03.005
https://doi.org/10.1053/j.ajkd.2022.10.001
https://doi.org/10.1016/j.surg.2021.03.067
https://doi.org/10.2215/CJN.11371015
https://doi.org/10.1002/jbm4.10447
https://doi.org/10.1016/s0720-048x(03)00072-x
https://doi.org/10.3390/ijms232314896
https://doi.org/10.1007/s00256-019-03204-1
https://doi.org/10.4081/reumatismo.2014.790
https://doi.org/10.4081/reumatismo.2014.790


1391International Urology and Nephrology (2026) 58:1381–1391	

	38.	 Munsch MA, Safran MR, Mai MC, Vasileff WK (2020) Bone mar-
row lesions: etiology and pathogenesis at the hip. J Hip Preserv 
Surg 7(3):401–409. https://​doi.​org/​10.​1093/​jhps/​hnaa0​56

	39.	 Villari E, Digennaro V, Panciera A, Ferri R, Benvenuti L, Cesare F 
(2024) Bone marrow edema of the knee: a narrative review. Arch 
Orthop Trauma Surg 144(5):2305–2316. https://​doi.​org/​10.​1007/​
s00402-​024-​05332-3

	40.	 Askari E, Shakeri S, Roustaei H, Fotouhi M, Sadeghi R, Harsini 
S, Vali R (2024) Superscan pattern on bone scintigraphy: a com-
prehensive review. Diagnostics 14:2229. https://​doi.​org/​10.​3390/​
diagn​ostic​s1419​2229

	41.	 Bhattoa HP, Vasikaran S, Trifonidi I, Kapoula G, Lombardi G, 
Jørgensen NR, Pikner R, Miura M, Chapurlat R, Hiligsmann M, 
Haarhaus M, Evenepoel P, Jørgensen HS, Herrmann M, Kaufman 
JM, Clark P, Tuzun Ş, Al-Daghri N, Silverman S, Alokail MS, 
Ormarsdóttir S, Yerro MCP, Matijevic R, Laslop A, da Silva Rosa 
MMC, Zakraoui L, Burlet N, McCloskey E, Harvey NC, Rader-
mecker RP, Fusaro M, Torre C, Kanis JA, Rizzoli R, Reginster 
JY, Makris K, Cavalier E (2025) Update on the role of bone turno-
ver markers in the diagnosis and management of osteoporosis: a 
consensus paper from ESCEO, IOF, and IFCC. Osteoporos Int. 
https://​doi.​org/​10.​1007/​s00198-​025-​07422-3

	42.	 Ketteler M, Evenepoel P, Holden RM, Isakova T, Jørgensen HS, 
Komaba H et al (2025) Chronic kidney disease–mineral and 
bone disorder: conclusions from a Kidney Disease: Improving 
Global Outcomes (KDIGO) controversies conference. Kidney Int 
107(3):405–423. https://​doi.​org/​10.​1016/j.​kint.​2024.​11.​013

	43.	 Evenepoel P, Cunningham J, Ferrari S, Haarhaus M, Javaid MK, 
Lafage-Proust MH, Prieto-Alhambra D, Torres PU, Cannata-
Andia J, European Renal Osteodystrophy (EUROD) Workgroup 
(2021) European consensus statement on the diagnosis and man-
agement of osteoporosis in chronic kidney disease stages G4–
G5D. Nephrol Dial Transplant 36(1):42–59. https://​doi.​org/​10.​
1093/​ndt/​gfaa1​92

	44.	 Jørgensen HS, Behets G, Viaene L, Bammens B, Claes K, Meijers 
B, Naesens M, Sprangers B, Kuypers D, Cavalier E, D’Haese 
P, Evenepoel P (2022) Diagnostic accuracy of noninvasive bone 
turnover markers in renal osteodystrophy. Am J Kidney Dis 
79(5):667-676.e1. https://​doi.​org/​10.​1053/j.​ajkd.​2021.​07.​027

	45.	 Smout D, Jørgensen HS, Cavalier E, Evenepoel P (2022) Clinical 
utility of bone turnover markers in patients with chronic kidney 
disease. Curr Opin Nephrol Hypertens 31(4):332–338. https://​doi.​
org/​10.​1097/​MNH.​00000​00000​000798

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Authors and Affiliations

Francesco Aguanno1 · Alessia Passaseo1 · Simona Barbuto2 · Daniele Vetrano1 · Guido Zavatta3 · Guido Marzocchi4 · 
Sandro Giannini5 · Giorgia Comai1,2 · Gaetano La Manna1,2 · Giuseppe Cianciolo2

 *	 Gaetano La Manna 
	 gaetano.lamanna@unibo.it

1	 Department of Medical and Surgical Sciences (DIMEC), 
Alma Mater Studiorum University of Bologna, Bologna, 
Italy

2	 Nephrology, Dialysis and Kidney Transplant Unit, IRCCS 
Azienda Ospedaliero-Universitaria di Bologna, Bologna, 
Italy

3	 Division of Endocrinology and Diabetes Prevention 
and Care, IRCCS Azienda Ospedaliero-Universitaria di 
Bologna, Bologna, Italy

4	 Pediatric and Adult CardioThoracic and Vascular, 
Oncohematologic and Emergency Radiology Unit, IRCCS 
Azienda Ospedaliero-Universitaria di Bologna, Bologna, 
Italy

5	 Department of Medicine, Clinica Medica I, University 
of Padova, Padua, Italy

https://doi.org/10.1093/jhps/hnaa056
https://doi.org/10.1007/s00402-024-05332-3
https://doi.org/10.1007/s00402-024-05332-3
https://doi.org/10.3390/diagnostics14192229
https://doi.org/10.3390/diagnostics14192229
https://doi.org/10.1007/s00198-025-07422-3
https://doi.org/10.1016/j.kint.2024.11.013
https://doi.org/10.1093/ndt/gfaa192
https://doi.org/10.1093/ndt/gfaa192
https://doi.org/10.1053/j.ajkd.2021.07.027
https://doi.org/10.1097/MNH.0000000000000798
https://doi.org/10.1097/MNH.0000000000000798

	Bone disease in kidney transplant: don’t forget about osteomalacia: a case report and literature review
	Abstract
	Introduction 
	Objective 
	Case report 
	Conclusion 

	Introduction
	Case report
	Discussion and literature review
	Acknowledgements 
	References




