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Introduction
Fracture healing is a complex repair process with the

primary objective of restoring the mechanical function of
the fractured bone (1). Quantifying outcome in clinical frac-
ture healing trials remains challenging (2,3). Using high-
resolution peripheral quantitative computed tomography
(HR-pQCT) in combination with micro finite element
analysis (µFEA), we previously described the typical healing
of a distal radius fracture. This process consists of an in-
crease in bone density of the trabecular compartment
peaking at 6 wk post fracture, corresponding to the for-
mation of a mineralized fracture callus (4,5). In the present
case report, we describe a patient who deviated from this
usually observed pattern of fracture healing.

Patient and Methods

Case Report
A 54-yr-old woman visited our emergency department with

a displaced distal radius fracture of the left arm after a fall
from standing height.After a successful closed reduction at
the emergency room, the patient was treated by cast immo-
bilization. Six weeks post fracture, the patient complained
of increased pain, swelling, and stiff fingers. Physical exami-
nation revealed no neurological or vascular impairment.Stan-
dard radiographs showed incomplete consolidation of the
fracture without secondary dislocation. Cast immobiliza-
tion was continued for 2 more weeks. At the 8-wk outpa-
tient clinic visit, a decreased motor function of the extensor
muscles of the left wrist and all digits without sensory dis-
turbances was observed.Radiographic examination showed
delayed but progressing consolidation (Supplemental Fig.S1).
Physical therapy was started. Three months after the frac-
ture, the left lower arm was swollen and showed a purple
discoloration. Active flexion and extension of the left wrist
and digits were 0° in all axes, and active and passive move-
ments of the left shoulder were limited. Electromyography
of the left arm revealed conduction abnormalities of the radial
nerve near the wrist, and ulnar and median nerve injuries at
elbow level.Three months post fracture, the patient met the
Budapest clinical and research criteria (6) for complex re-
gional pain syndrome (CRPS) type 1. Subsequent multidis-
ciplinary treatment consisted of graded exposure therapy,
transcutaneous electrical nerve stimulation, amitriptyline,

Received 05/4/17; Accepted 05/8/17.
Disclosures: J.J.Arts is a board member of the workgroup Bio-

technology of the Dutch Orthopedic Association (NOV) and a
board member of the Dutch Society of Biomaterials and Tissue
Engineering (NBTE). B. van Rietbergen is a consultant for Scanco
Medical AG. P.C. Willems is a board member of the Dutch Spine
Society (association of spine surgeons). F.L. Heyer, J.J.A. de Jong,
R.J.E.M. Smeets, M. Poeze, P.P. Geusens, and J.P. van den Bergh
declare that they have no conflict of interest.

*Address correspondence to: Frans L. Heyer, MD, Depart-
ment of General Surgery, Maastricht University Medical Center,
P.O. Box 5800, 6202 AZ Maastricht, The Netherlands. E-mail:
f.heyer@maastrichtuniversity.nl

Journal of Clinical Densitometry: Assessment & Management of Musculoskeletal Health, vol. 20, no. 4, 486–489, 2017
© 2017 The International Society for Clinical Densitometry.
1094-6950/20:486–489/$36.00
https://doi.org/10.1016/j.jocd.2017.05.004

486

mailto:f.heyer@maastrichtuniversity.nl
https://doi.org/10.1016/j.jocd.2017.05.004
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jocd.2017.05.004&domain=pdf


dimethyl sulfoxide 50%,pregabalin,calcitonin,paracetamol,
and tramadol.At the last follow-up, 3 yr post fracture, active
motion of the left wrist was 0° in all axes and both sponta-
neous pain and allodynia were present, although the patient
was able to use her affected hand to a greater extent during
normal daily activities than before treatment.

Routine screening on osteoporosis with dual-energy
X-ray absorptiometry and laboratory examination showed
osteopenia at the lumbar spine and proximal femur, and
secondary hyperparathyroidism (parathyroid hormone
8.0 pmol/L, ref. 1.3–6.8), due to vitamin D deficiency
(25(OH) vitamin D: 33 nmol/L, ref. >75 nmol/L).With cho-
lecalciferol supplementation, the latter was resolved by
12 wk post fracture (25(OH) vitamin D: 67 nmol/L, para-
thyroid hormone 4.5 pmol/L).

HR-pQCT Measurements
HR-pQCT is a low-dose radiographic imaging modal-

ity with an isotropic voxel size of 82 (XtremeCT-1; Scanco

Medical AG, Brüttisellen, Switzerland). The high resolu-
tion enables the assessment of bone microarchitecture in
vivo (7) and estimation of bone strength µFEA (8).

HR-pQCT scans (XtremeCT-1) were performed at 1, 3,
6, 12, and 115 wk post fracture using the manufacturer’s
clinical in vivo settings (effective energy of 60 kVp, tube
current of 900 µA, and 100-ms integration time), in accor-
dance with the approved study protocol (NTR3821). From
these images, bone density, geometry, and microarchitectural
and µFEA parameters were derived (4,5).

Results
Incongruent with the healing pattern observed with HR-

pQCT described earlier (4,5), a decrease in trabecular
density was detected at 6 wk post fracture (−11.9 mgHA/
cm3), where the typical healing response showed an in-
crease (median +35.4 mgHA/cm3). This deviation was not
restored even after 115 wk (Fig. 1A). Simultaneously, the

Fig. 1. High-resolution peripheral quantitative computed tomography-derived bone parameters of the presented case
of abnormal fracture healing (black circles) compared to the other subjects of the study cohort (white squares, N = 14).
In the case patient, the trabecular density is seen to decrease early in the healing process, persisting up to 115 wk (A),
along with the trabecular number (B). In contrast to trabecular density, cortical density during fracture healing follows
a normal pattern (C), which explains the restored compression stiffness (D). Data are presented as median with interquartile
range. Scans were performed (on average) at 1, 3, 6, 12, and 115 wk post fracture.
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trabecular number declined significantly more from 6 wk
post fracture onward (−0.7 vs median −0.2 mm−1), a dif-
ference persisting up to 115 wk (−1.5 vs median −0.5 mm−1,
Fig. 1B).

In contrast, the cortical region healed normally, follow-
ing a similar pattern as the other patients in the study
(Fig. 1C).As a result, calculated compression stiffness using
µFEA was comparable to the other patients (Fig. 1D).

Visual inspection of the HR-pQCT reconstructions con-
firmed cortical healing. The axial and coronal reconstruc-
tions show that the trabecular bone loss in the deviating
patient (case) was more extensive than the generally ob-
served decline in trabecular density and structure (Fig. 2
and Supplemental Video S1). This is especially evident in
the segmented 3-dimensional reconstructions. Remark-
ably, these images also indicate that the trabecular bone
loss occurred predominantly in the region proximal to the
fracture line (Fig. 2).

Discussion
The present case report demonstrates the potential of

HR-pQCT to distinguish different patterns of fracture
healing in a clinical setting. In a single patient, we de-
tected a remarkable resorption of trabecular bone proxi-
mal to the fracture line, whereas the cortical bone healed
normally. These regional discrepancies were not detected
to this extent in the other patients with a fracture of the
distal radius.

The relevance of CRPS in the present case report is un-
certain. Although regional osteoporosis was part of the
CRPS spectrum when it was first described by Paul Sudeck
in 1900 (9), current clinical imaging techniques are unable
to discriminate normal posttraumatic bone loss as a result
of immobilization and disuse from bone loss concurring with
CRPS development (10). However, the data presented here
are in accordance with the recent suggestion that HR-
pQCT could be a solution to this challenge (11): the tra-
becular bone loss discriminated the patient with CRPS from
the other study participants (4) as early as 6 wk post frac-
ture, a period characterized by cast immobilization for all
subjects. Nonetheless, CRPS remains an elusive clinical syn-
drome subject to much debate (12–14). Using HR-pQCT,
the incidence and role of localized bone loss within the
CRPS population could be further elucidated.

A limitation of the present case report is that it only pres-
ents a single affected patient to illustrate the detection of
abnormal fracture healing using HR-pQCT. Additionally,
based on the current data available to us, the etiology of
the observed bone loss is not certain and can only be specu-
lated on. However, this case report indicates that HR-
pQCT offers a new way of looking at abnormal fracture
healing even before the presentation of clinical symptoms.
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