Journal of Bone and Mineral Metabolism (2022) 40:968-973
https://doi.org/10.1007/s00774-022-01360-4

ORIGINAL ARTICLE q

Check for
updates

Risk factors for subchondral insufficiency fracture of the femoral head
in renal transplant patients

Yoshitoshi Higuchi'® - Toshihide Tomosugi? - Kenta Futamura? - Manabu Okada? - Taiki Kusano' -
Hideyoshi Sawada' - Kazuyoshi Kobayashi' - Shunji Narumi? - Yoshihiko Watarai? - Norihiko Goto? - Toshihiro Ando' -
Koji Sato’

Received: 29 January 2022 / Accepted: 11 July 2022 / Published online: 24 August 2022
© The Japanese Society Bone and Mineral Research 2022

Abstract

Introduction Risk factors associated with subchondral insufficiency fracture (SIF) of the femoral head have not been estab-
lished. The aim of the present study was to determine the incidence and risk factors for SIF of the femoral head following
renal transplantation (RT).

Materials and methods We analyzed the cases of 681 RT patients (mean age at surgery: 49.5 + 13.6 years, 249 women, 432
men) to determine the incidence of SIF. Hip magnetic resonance imaging (MRI) was performed 6 months post-RT. The
following potential predictors of SIF were evaluated: (1) patient’s condition at RT: bone mineral density (BMD), pre-RT
laboratory values including calcium (Ca), phosphorus (P), calcium-phosphorus product (Cax P), and intact parathyroid
hormone; the patient and donor’s blood relationship; and mismatching number of human leukocyte antigens (HLAs), and
(2) post-RT dosage(s) of steroid(s), the immunosuppressive regimen, and the incidence of acute rejection.

Results SIF was observed in 15 hips (13 patients, 1.9%). We successfully matched 39 patients without SIF. A multivariate
logistic regression analysis adjusted for cumulative dosages of steroids, revealed the following were risk factors for SIF:
osteoporosis (OR: 11.4, p=0.046), lumbar BMD (OR: 0.003, p =0.038), pre-RT serum P (OR 2.68, p =0.004), and pre-RT
serum Cax P (OR: 1.11, p=0.005).

Conclusion Since osteoporosis, the lumbar BMD, serum P, and serum Ca X P were identified as risk factors for a post-RT
SIF, these factors should be evaluated before RT for the prediction of the SIF risk.
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Introduction

A subchondral insufficiency fracture (SIF) of the femoral
head is a serious complication and a potential cause of the
femoral head collapse, which leads to considerable restric-
tion in the patient's function and eventual disability, ulti-
mately causing a femoral collapse that requires a total hip
arthroplasty [1]. A SIF of the femoral head is recognized
as a musculoskeletal complication that is similar in some
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respects to osteonecrosis of the hip after renal transplanta-
tion (RT) [2-5]. The precise prevalence of SIF is unknown.
A recent histopathological re-evaluation noted that SIF was
observed in 6.3% of patients with a preoperative diagnosis
of osteoarthritis, and in 11.1% of patients with osteonecrosis
of the femoral head [6]. Among 300 consecutive RT patients
for whom magnetic resonance imaging (MRI) of the hip
was conducted, a SIF of the femoral head was observed in
1.0% (five hips, three patients) [2]. There have been few
investigations of the incidence of SIF in a large sample of
RT patients.

Several risk factors for the development of SIF have
been reported. In several populations that did not include
RT patients, these factors included older age, osteoporosis,
military recruit status, transplant patient status, chronic ster-
oid use, and tumor osteomalacia [7-9]. No studies have sta-
tistically established the risk factors associated with SIF. Our
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institution performs the greatest number of RTs according to
the uniform immunosuppressive regimen in Japan, and our
RT protocol includes a routine MRI examination of the hip
6 months post-RT. We conducted this study to determine the
precise prevalence of SIF among our RT patients, and we
performed a complementary case—control study to evaluate
the risk factors for post-RT SIF.

Chronic renal failure involves a failure to metabolize
vitamin, failure to excrete phosphorus, and failure to absorb
calcium, which together cause hyperphosphoremia and
hypocalcemia, resulting in osteoporosis [4]. The use of ster-
oids and immunosuppressive agents after RT has also been
reported to cause secondary osteoporosis [4]. We focused
herein on the roles of osteoporosis, serum parathyroid hor-
mone, calcium, and phosphorus in relation to SIF. This pro-
spective study of > 600 patients who underwent RT investi-
gated (1) the incidence of SIF and (2) factors that could be
used to predict the occurrence of a SIF after RT, examining
osteoporosis, serum parathyroid hormone, calcium, and
phosphorus in particular.

Materials and methods
Patient

Between January 2015 and October 2018, 737 patients
underwent a living-donor RT at our institution. Patients
aged <19 years (n=13), patients in whom osteonecrosis
of the femoral head was confirmed before their RT (n=4),
those who had not undergone an MRI examination 6 months
after their RT (n=36), and others (n=3) were excluded from
the present analyses. The reasons that MRI could not be
performed after some of the patients' RT included claustro-
phobia and the presence of a heart pacemaker.

We evaluated a final total of 681 RT patients (249 women,
432 men) to determine the incidence of SIF. None of the
patients had a confirmed SIF before their RT. Informed
consent was obtained from all patients for the publication
of their data, and the study was approved by our hospital's
ethics committee.

Five immunosuppressive drugs (cyclosporin, tacrolimus
taken 1Xx/day, tacrolimus taken 2 X/day, mycophenolate
mofetil, and everolimus) were administered to the patients
after the RT. In all patients, prednisolone (PSL: 60 mg
intravenously) was administered 1 h before the RT, and
methylprednisolone 500 mg was administered during the
RT. Oral PSL administration was started on a postoperative
day (POD) 1 using the following protocol: 60 mg on PODI1,
50 mg on POD2, 40 mg on POD3, 30 mg on POD4, 20 mg
on PODS, 15 mg on POD6, and 10 mg on POD7 to POD14.
If the blood types of the donor and recipient were different,
PSL 10 mg/day was administered for 2 weeks before the RT.

In a case of acute rejection (AR) after RT, methylpredniso-
lone 500 mg/day was administered for 3 days. To calculate
the cumulative glucocorticoid dose, the methylprednisolone
dosage was converted to prednisolone equivalents by multi-
plying it by 1.25 [10].

MRI of the hip using a 1.5 T superconducting magnet
(Ingenia 1.5; Philips Healthcare, Amsterdam, Netherlands)
was performed 6 months after each patient’s RT. An irregu-
lar and serpiginous shape with a low-intensity band parallel
to the articular surface on T1-weighted images was defined
as a SIF [11]. A bone mineral density (BMD) (Discovery;
Hologic, Tokyo) examination of the left forearm and lumbar
spine (Philips Healthcare) was performed 1 month before
each patient’s RT, and laboratory tests were performed
1 month before and 8 weeks and 6 months after the RT.
Blood collection in hemodialysis patients was performed on
a non-dialysis day before the RT.

We prospectively performed the examinations and retro-
spectively collected and analyzed the data. For the evalua-
tion of potential predictors of SIF, we assigned the patients
to one of two groups based on whether they developed a
SIF, i.e., the SIF and non-SIF groups. The non-SIF patients
were matched to SIF patients by age (+ 2 years), sex, and
BMI (+2 kg/m?). The following potential predictors of SIF
were evaluated: (1) the patient's condition at the time of
transplantation: age at surgery; sex; BMI; alcohol consump-
tion and smoking habit; osteoporosis; osteopenia; BMDs
(left forearm, lumbar spine); steroid treatment before renal
transplantation; pre-RT dialysis duration; secondary hyper-
parathyroidism; laboratory test results including creatinine,
blood urea nitrogen (BUN), calcium (Ca), phosphorus (P),
calcium-phosphorus product (Ca x P), alkaline phosphatase
(ALP), intact parathyroid hormone (PTH), and uric acid
(UA) before RT; the relationship between the patient and
donor blood types; ABO mismatch; mismatching number of
human leukocyte antigens (HLASs), especially HLA class I
and class II; and (2) post-RT parameters: dosages of steroids
at 4 and 8 weeks and 6 months after transplantation; labora-
tory test results including creatinine, BUN, and UA 8 weeks
post-RT; immunosuppressive regimen; incidence of AR; and
delayed graft function (DGF).

AR was diagnosed based on a biopsy. DGF was defined
as the need for hemodialysis in the early post-RT phase.
Based on the left forearm or lumbar spine BMD, a BMD
value > 70% but < 80% of the young adult mean (YAM) was
diagnosed as osteopenia, and a BMD <70% of the YAM was
diagnosed as osteoporosis [12].

Statistical analyses
The statistical analyses included Fisher’s exact test, Student’s

t-test, and uni- and multivariate logistic regression analyses.
A multivariate logistic regression analysis was performed
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with adjustment for the cumulative dosages of steroids at
6 months. We performed a receiver-operating characteristic
(ROC) curve analysis to identify volume thresholds at which
significant changes in the risk probability of SIF occurred.
All analyses were performed using SPSS ver. 22 (IBM,
Armonk, NY). A p-value < 0.05 was considered significant.

Results

Of the 681 patients, the average patient age at the time of RT
surgery was 49.5 + 13.6 years (range 20-78 years), and the
mean body mass index (BMI) was 22.8 +4.0 kg/m2 (range
10.1-38.4 kg/m?). Of the 681 patients, 297 (43.6%) had
received dialysis before their RT. The average pre-RT dialy-
sis duration was 2.0 +4.0 years (range 1 month to 28 years).
The causes of the patients’ end-stage renal disease included
diabetes mellitus (n=152), immunoglobulin A nephropa-
thy (n=99), chronic glomerular nephritis (n=94), nephro-
sclerosis (n=50), polycystic kidney disease (n=>50), focal
glomerulosclerosis (n=28), unknown causes (n=113), and
other causes (n=95).

A SIF occurred in 15 hips (13 patients, 1.9%). The
patients with a SIF did not have severe symptoms such as
pain. Of the 668 patients (244 women, 424 men) without a
SIF, the average patient age at the time of RT surgery was
49.2 +13.6 years (range 20-78 years), and the mean BMI
was 22.9 +4.0 kg/m? (range 10.1-38.4 kg/m?). Compared to

Supplementary Table S1; there were no significant differ-
ences in any of the values between the SIF and non-SIF
groups.

As shown in Tables 1 and 2, the results of the univariate
analysis revealed that the factors predictive of the devel-
opment of a SIF were as follows for the SIF and non-SIF
groups, respectively: the prevalence of osteoporosis (23.1%
and 2.6%, p=0.044), the lumbar BMD (0.81 and 0.94 g/cmz,
p =0.025), a mismatching number of class II HLAs (1.3
and 0.9, p=0.044), serum P before RT (6.3 and 4.9 mg/dL,
p=0.001), and serum Ca x P before RT (56.1 and 44.1 mgz/
dL?, p=0.001). However, according to the multivariate
logistic regression analysis adjusted for the cumulative dos-
ages of steroids at 6 months, a mismatching number of class
IT HLA was not significantly associated with SIF. As shown
in Table 3, the following were potential risk factors for the
occurrence of a SIF after RT: osteoporosis (odds ratio [OR]:
11.4,95% confidence interval [CI]: 1.04-2118.7, p=0.046),
the lumbar BMD (OR: 0.003, 95%CI: 0.01-0.72, p=0.038),
the pre-RT serum P (OR 2.68, 95%CI: 1.36-5.29, p=0.004),
and the pre-RT serum CaxP (OR: 1.11, 95%CI: 1.03-1.21,
p=0.005).

The ROC curve analysis revealed that a pre-RT serum P
value of 5.6 mg/dL and a pre-RT Ca x P value of 51.7 mg?/

Table 2 Risk factors for SIF of the femoral head after renal transplan-
tation (univariate logistic regression analysis)

the non-SIF patients, the SIF group was older and had lower ~ Parameter OR 95%C1 p-value
body weights; it also included more women. o - |1L40 71217 0,044
We successfully matched the SIF group with 39 patients LStezp 0:;;) e’ 0'003 0 0'1_0 72’ 0.038
without SIF. All 13 of the patients with a SIF achieved umbar ’ g em ’ s '
. . . HLA class IT mismatches 3.55 1.01-12.65 0.049
symptom resolution with non-operative treatment. The i
. . . P before transplantation 2.68 1.36-5.27 0.004
mean cumulative corticosteroid doses from surgery to 2, CaxcP bef lanati 11 L03-1.20 0.006
3, 4, 6, and 8 weeks and 6 months after RT are shown in axF belore transplantation : i :
BMD bone mineral density, Ca calcium
Table 1 RiSk. fact\ors} of Parameter SIF (n=13) Non-SIF (n=39) p-value
subchondral insufficiency
fracture of the femoral head Osteoporosis 3(23.1%) 1 (2.6%) 0.044
after renal transplantation Osteopenia 6 (46.2%) 13(33.3%) 0.305
(univariate analysis)
Left forearm BMD (g/cm?) 0.60+0.11 (0.37-0.77) 0.67+0.14 (0.40-0.84) 0.183
Lumbar BMD, g/cm2 0.81+0.15 (0.48-1.02) 0.94+0.18 (0.71-1.46) 0.025
HLA mismatches (range) 3.8+1.3(2-6) 3.1+1.3(0-6) 0.070
HLA class I mismatches (range) 25+1.1(1-4) 2.1+1.1(0-4) 0.215
HLA class II mismatches (range) 1.3+0.5(1-2) 0.9+0.6 (0-2) 0.044
Laboratory values at 1 month pre-RT:
Ca, mg/dL (range) 9.0+0.8 (7.7-10.2) 9.0+0.7 (7.9-10.7) 0.964
P, mg/dL (range) 6.3+1.4(4.2-9.1) 49+1.0 (2.6-7.0) 0.001
Cax P, mg%/dL? (range) 56.1+12.2 (37.8-82.8) 44.1+9.7 (23.7-66.0) 0.001

BMD bone mineral density, Ca calcium, HLA human leukocyte antigen, P phosphorus, SIF' subchondral

insufficiency fracture
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Table 3 Risk factors for SIF of the femoral head after renal transplan-
tation (multivariate logistic regression analysis adjusted for cumula-
tive dosages of steroids at 6 months)

Parameter OR 95%CI p-value
Osteoporosis 11.41 1.04-118.7 0.046
Lumbar BMD, g/cm? 0.003  0.01-0.72 0.038
HLA class II mismatches 3.79 0.99-14.40 0.051
P before transplantation 2.68 1.36-5.29 0.004
Ca X P before transplantation 1.11 1.03-1.21 0.005

BMD bone mineral density, Ca calcium

dL? were the cut-off points for the occurrence of a SIF. As
illustrated in Fig. 1, for serum P, the area under the curve
(AUC) was 0.78 with 0.692 sensitivity and 0.744 specificity.
For the Ca X P value, the AUC was 0.77 with 0.846 sensitiv-
ity and 0.769 specificity. The lumbar BMD did not have a
defined significant cut-off point.

Discussion

This study is the first to estimate the prevalence of SIF and
potential risk factors for the development of a SIF, based
on the largest number of RT patients to date (n=681). SIF
of the femoral head has been most commonly observed in
patients with osteoporosis among both RT patients and non-
RT patients [2, 13], but no reports have statistically estab-
lished that osteoporosis or other factors are risk factors asso-
ciated with a SIF of the femoral head. Our present findings

demonstrated that osteoporosis is one of the potential risk
factors for SIF. We were unable to determine cut-off values
for the BMD at several body sites. The average lumbar BMD
of our patients with a SIF was 0.81 g/cm?, which was consid-
ered possible osteopenia. Additional studies are necessary
to detect significant cut-off values for other factors that may
be related to the occurrence of a SIF.

Corticosteroid use can lead to bone loss and an increased
risk of fracture. For example, fracture risk is associated with
a prednisolone dose of 2.5-7.5 mg/day [14]. A prednisolone
dose > 30 mg/day with a cumulative dose > 5 g was reported
to pose a marked increase in the relative risk of vertebral and
hip fractures [15]. The steroid doses used for our patients
were low compared to those in previous reports, and we
observed no significant cumulative dose difference between
the SIF and non-SIF groups.

To the best of our knowledge, there is no published report
on the relationship between high values of serum P and
CaxP and the occurrence of a SIF after RT. This study is the
first to report that elevated serum P and Ca X P are potential
risk factors for a SIF after renal transplantation, independent
of corticosteroid use. Notably, serum P and CaxP are fre-
quently elevated in individuals with end-stage renal disease
[16], and elevated serum P and Cax P were reported to be
associated with vascular calcification [15, 16].

Among our RT patients, the SIF patients’ serum P (aver-
age 6.3 mg/dL) and Cax P (average 56.1 mg%/dL?) values
were higher than those of the non-SIF patients. A relation-
ship between osteoporosis and vascular events including
arteriosclerosis has been described [17, 18], and arterio-
sclerosis could have a direct effect on bone tissue via an

BMD
P CaxP (Lumbar)
10 S 107 107 B —
/ /- ‘
: /
084 08~ 08
- /
> J
i 064 g 05+ -g 06+ J"J
% % 5
é O,A" I 5 0.4~ § 04 .J
/ Cut Off point: 5.6 mg/dl
024 AUC:0.78 oz_rlqut Off polnt: 51.7 mg’ldl‘ 024 AUC:0.32
=0.002 AUC:0.77 =0.057
00+ p T T T T L pto‘om p-o
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Fig.1 The results of the ROC curve analysis to identify volume
thresholds at which significant changes of the risk probability of
the occurrence of a subchondral insufficiency fracture (SIF) of the
femoral head. No significant cut-off point for the lumbar bone min-
eral density (BMD) before renal transplantation (RT) was revealed.
The pre-RT serum phosphorus (P) value 5.6 mg/dL (0.692 sensitiv-

ity, 0.744 specificity) and the pre-RT calcium-phosphorus product
(CaxP) value 51.7 mg¥dL? (0.846 sensitivity, 0.729 specificity) were
revealed to be the cut-off points for the occurrence of a SIF of the
femoral head, with respective areas under the curve (AUCs) of 0.78
and 0.77 and 95%Cls at 0.639-0.929 and 0.624-0.910

@ Springer



972

Journal of Bone and Mineral Metabolism (2022) 40:968-973

ischemic mechanism [19]. These might be one of the reasons
that elevated serum P and Ca X P pose a risk for the develop-
ment of a SIF.

This study has some limitations. There was a relatively
small number of patients with SIFs (n=13, 15 hips). How-
ever, most of the relevant past publications are case reports
with low numbers of patients. Our findings are based on con-
secutive cases and a relatively large number of SIF patients.
No power analysis was performed to determine whether a
sufficient number of patients was included to detect clini-
cally meaningful differences between groups.

It is possible that the patients’ SIFs occurred before their
RTs, as MRI examinations were not performed immediately
before the RTs and the SIF symptoms were not severe. We
may thus have been unable to detect the precise number of
cases.

It is also possible that some of the SIFs
occurred > 6 months after the RTs; we may thus have not
detected the actual number of SIF cases. Some SIFs have
been first detected on MRI within 3 months after trans-
plantation [2, 4], and the number of patients who develop
a SIF> 6 months after their RT is thus likely to be small
and not likely to have influenced the present results. It is
difficult to distinguish SIF and osteonecrosis of the femoral
head when a low-intensity band on T1-weighted images is
extremely small [2].

Medications for osteoporosis (such as bisphosphonates)
may have a high correlation with SIF. However, we did not
include the use/nonuse of osteoporosis medications in our
analyses. Additional investigations are necessary to clarify
the correlation between osteoporosis medication use and
SIF.

Factors other than age, sex, BMI, and the cumulative dos-
age of steroids were not adjusted. It is possible that factors
such as the status before RTs (i.e., hemodialysis, peritoneal
dialysis, or non-dialysis) and history of steroid treatment
were major confounders. Further studies are needed to deter-
mine whether other factors increase the risk of the occur-
rence of a SIF.

Blood samples were collected from the hemodialysis
patients on a non-dialysis day. Since hemodialysis patients'
blood data change depending on the timing of the blood col-
lection, it is possible that the blood collection timing in this
study could have influenced the blood data.
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