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Summary

Introduction. Complex regional pain syndrome (CRPS) is
a major complication after trauma, surgery, and/or im-
mobilization of an extremity. The disease often starts
with clinical signs of local inflammation and develops in-
to a prolonged phase that is characterized by trophic
changes and local osteoporosis and sometimes results
in functional impairment of the affected limb. While the
pathophysiology of CRPS remains poorly understood,
increased local bone resorption plays an undisputed
pivotal role. The aim of this retrospective clinical study
was to assess the bone microstructure in patients with
CRPS.
Methods. Patients with CRPS type I of the upper limb
whose affected and unaffected distal radii were analyzed
by high-resolution peripheral quantitative computed to-
mography (HR-pQCT) were identified retrospectively.
The osteology laboratory data and dual-energy X-ray ab-
sorptiometry (DXA) images of the left femoral neck and
lumbar spine, which were obtained on the same day as
HR-pQCT, were extracted from the medical records.
Results. Five patients were identified. The CRPS-affect-
ed upper limbs had significantly lower trabecular num-
bers and higher trabecular thicknesses than the unaf-
fected upper limbs. However, the trabecular bone vol-
ume to total bone volume and cortical thickness values
of the affected and unaffected sides were similar. Tra-
becular thickness tended to increase with time since dis-
ease diagnosis. 
Discussion. CRPS associated with significant alterations
in the bone microstructure of the affected upper limb
that may amplify as the duration of disease increases. 

KEY WORDS: complex regional pain syndrome; CRPS; bone microstructure;
HR-pQCT.

Introduction

Complex regional pain syndrome (CRPS), also named
Sudeck’s atrophy or reflex sympathetic dystrophy, is a chron-
ic pain condition that most often affects a limb. It is charac-
terized by prolonged or excessive pain and mild to dramatic
changes in skin color, temperature, and/or swelling in the af-
fected area. It is thought to be caused by damage to, or mal-
function of, the peripheral or central nervous systems and is
a major complication of trauma or surgery to an extremity. Its
incidence ranges from 5.5 cases per 100,000 persons per
year in the United States of America (1) to 26.2 per 100,000
persons per year in the Netherlands (2). However, these es-
timates be may underestimates because the clinical signs of
CRPS often fluctuate, which can hamper its diagnosis. The
disease affects women three times more frequently than
men. 
There are two forms of CRPS. Type I is the more common
form and is a severely disabling pain syndrome that is char-
acterized by allodynia, hyperalgesia, and interstitial edema.
Later, it can manifest as trophic changes such as osteoporo-
sis. Ultimately, it can impair the function of the affected limb.
CRPS type II is the same syndrome except that, unlike type
I, it associates with obvious peripheral nerve injury. The
pathophysiology of CRPS is not fully understood, but frac-
tures account for up to 50% of the type I cases (3). The dis-
ease can be divided into an early phase that is characterized
by clinical signs of inflammation (dolor, tumor, rubor, calor,
and functio laesa) and a later phase that is characterized by
the trophic changes described above. The disease is diag-
nosed on the basis of clinical signs only as laboratory data or
radiological imaging are only helpful for excluding other diag-
noses (4). The updated Budapest Criteria are widely accept-
ed for the diagnosis of CRPS (5). 
The pathophysiology in CRPS is discussed in detail else-
where but, briefly, it involves both the sympathetic nervous
system (6, 7) and local inflammatory processes such as the
production of nerve growth factor (NGF), which shapes the
liberation of neuropeptides (8). Bone resorption also plays a
pivotal and well-accepted role in the pathophysiology of
CRPS. Indeed, several recent randomized controlled trials
showed that bisphosphonate treatment improves pain and
other clinical features of CRPS (9-11). The primary mecha-
nism by which bisphosphonates improve CRPS is osteoclast
inhibition. They may also act by reducing the local produc-
tion of lactic acid, inhibiting macrophage function, and reduc-
ing the production of NGF and other cytokines (12). 
Despite these pathophysiological findings, the effects of
CRPS on histological bone morphology remain poorly under-
stood (13). One way to determine these effects would be to
use high-resolution peripheral quantitative computed tomog-
raphy (HR-pQCT), as this technology permits the in vivo as-
sessment of trabecular and cortical architecture at the distal
radius and distal tibia (14). This technology is important be-
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cause the two compartments may be affected in different
ways by different diseases. 
In this retrospective clinical study, we aimed to improve our
understanding of the bone remodeling processes in CRPS
by examining the HR-pQCT findings of 5 patients with CRPS
who had undergone HR-pQCT of both the affected and unaf-
fected upper limbs. The aim was to determine the bone mi-
crostructure of the affected limb. In particular, we asked
whether either or both the cortical and trabecular compart-
ments are primarily affected in CRPS.

Methods

Patients
This retrospective study was based on all patients with
CRPS of the upper limb who underwent HR-pQCT of both
the affected and unaffected distal radii between 2013 and
2015 in the Department of Osteology and Biomechanics, at
the University Medical Centre Hamburg-Eppendorf, Ger-
many. All patients were clinically diagnosed with CRPS on
the basis of the updated Budapest Criteria (5). 

HR-pQCT
The affected and unaffected distal radii were assessed by
HR-pQCT (XtremeCT, SCANCO Medical, Brüttisellen,
Switzerland) using the default in vivo settings, namely, 60
kVp, 1,000 μA, 100 ms integration time, and resolution of 82
μm. These settings generate 3-dimensional microstructural
data of the cortical and trabecular compartments (Figure 1).
Before starting the measurement, the forearm was placed in
an appropriate cast and fixed with two Velcro straps. To de-
termine the measurement area, a scout view with a refer-
ence line was set. For the correct and standardized position
of the reference line, the endplate of the radius was used.
The region of interest started 9.5 mm proximal to the refer-
ence line with following 110 slices. The manufacturer’s stan-
dard protocol was used to analyze the bone microstructure,

including trabecular bone volume to total bone volume
(BV/TV), trabecular number (Tb.N), trabecular thickness
(Tb.Th), cortical thickness (C.Th) and cortical bone mineral
density (C.BMD). The same technician scanned and ana-
lyzed the HR-pQCT images using the standard manufactur-
er’s method as described previously (15). Quality control was
performed using a daily calibration phantom that was provid-
ed by the manufacturer.

Laboratory and bone mineral density (BMD) values

The dual-energy X-ray absorptiometry images of the left
femoral neck and lumbar spine, and the calcium, phospho-
rus, parathyroid hormone, creatinine, and vitamin D levels of
the patients at the time of the HR-pQCT measurements,
were extracted from the records.

Statistics
Continuous and categorical variables were expressed as
mean ± standard deviation (range) and n, respectively. The
affected and unaffected radii were compared in terms of
mean BV/TV, Tb.N, Tb.Th, C.Th and C.BMD using paired
Student´s t-test. P values of 0.05 were considered to indicate
statistical significance. The IBM SPSS statistics 22 program
was used for statistical analyses.

Results

In the study period, 5 patients with CRPS of the distal radius
underwent HR-pQCT of both the affected and unaffected dis-
tal radii. Four were women and 1 was male. The average
age was 51.6 years. Three patients had developed CRPS af-
ter distal radius fracture. The remaining 2 patients had devel-
oped CRPS after operative treatment of rhizarthrosis by
trapezectomy and after wound debridement for dog bite in-
fection, respectively. The average disease duration until HR-
pQCT was 19.7 months (Table 1).
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Patients

Demographic characteris
Gender (m/f)
Age (years)
Weight (kg)
Height (cm)
Body mass index (kg/m²)
Side affected by CRPS 

t(left//right)

 

       

  
     
     
     
     
       
        
    

 
 
 
 
 
 

 

 
 
 
 

 
 

 

 
 
 
 
 
 

 

 
 
 
 
 
 
 

 
 
 
 
 
 

 

 

   
      
      

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 

  
     
     
      
     
     

 
 
 
 

 
 

 
 
 
 

 
 

 
 
 
 

 
 

 
 
 
 

 
 

 
 
 
 

 
 

 
 
 
 

 
 

 

                 
  .hyaprgo

eitapfoscitsiretcarahcyrotarobald

1

stics
f

66
54

170
18.7
left

1

 

       

  
     
     
     
     
       
        
    

 
 
 
 
 
 

 

 
 
 
 

 
 

 

 
 
 
 
 
 

 

 
 
 
 
 
 
 

 
 
 
 
 
 

 

 

   
      
      

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 

  
     
     
      
     
     

 
 
 
 

 
 

 
 
 
 

 
 

 
 
 
 

 
 

 
 
 
 

 
 

 
 
 
 

 
 

 
 
 
 

 
 

 

                 
  

dynsn aipnaloigercinorhchtwistn

2 3

f
23
60

175.5
19.6
left

f
58
81

168
28.7
left

2
r

 

       

  
     
     
     
     
       
        
    

 
 
 
 
 
 

 

 
 
 
 

 
 

 

 
 
 
 
 
 

 

 
 
 
 
 
 
 

 
 
 
 
 
 

 

 

   
      
      

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 

  
     
     
      
     
     

 
 
 
 

 
 

 
 
 
 

 
 

 
 
 
 

 
 

 
 
 
 

 
 

 
 
 
 

 
 

 
 
 
 

 
 

 

                 
  

re-hghignmirofrepemitehttaemor

4 5

m
36
72

182
21.7
right

f
66
54

157
21.9
left

 

       

  
     
     
     
     
       
        
    

 
 
 
 
 
 

 

 
 
 
 

 
 

 

 
 
 
 
 
 

 

 
 
 
 
 
 
 

 
 
 
 
 
 

 

 

   
      
      

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 

  
     
     
      
     
     

 
 
 
 

 
 

 
 
 
 

 
 

 
 
 
 

 
 

 
 
 
 

 
 

 
 
 
 

 
 

 
 
 
 

 
 

 

                 
  

t(left//right)

Dual x-ray absorptiometry
T-score lumbar spine
T-Score left femur

1.1
-1.4

-0.3
1.1

-0.7
0.2

-3.2
-1.5

-4.1
-2.7

Laboratory data
Calcium (mmol/l)
Phosphate (mmol/l)
Parathyroid hormone (ng/l)
Creatinine (mg/dl)
25-OH-D3 (ug/l)

2.08
0.98

88.06
0.89

27.49

2.27
0.99

40.46
0.83

27.30

2.30
0.90

25.06
1.0

24.70

2.39
0.89

22.30
0.80

36.60

2.34
0.87

30.66
0.5

35.20

Reference
2.13–2.63
0.77–1.50

22.0–109.0
0.6–1.2

>30

Dual X-ray absorptiometry

T-score left femur
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The affected and unaffected radii did not differ significantly in
terms of trabecular bone volume relative to total bone vol-
ume (71.28 vs 76.69%), cortical thickness (57.35 vs 45.53%)
or cortical BMD (88.72 vs 87.62%), but the CRPS-affected
limb had significantly lower trabecular numbers (67.32 vs
92.73%, p=0.049) and higher trabecular thickness (117.33 vs
81.04%, p=0.040) (Figures 1, 2). 
Analysis of the relationship between trabecular bone mi-
crostructure and duration of disease before HR-pQCT
showed that, relative to the unaffected radius, the Tb.Th of
the CRPS-affected radius tended to increase over time since
disease onset while its Tb.N tended to decrease at the be-
ginning (Table 2). For example, the patients who were diag-
nosed with CRPS more than 10 months before HR-pQCT
had 40-70% greater Tb.Th on the affected side compared to
the unaffected side, whereas patients diagnosed earlier ex-
hibited 0-27% increases in Tb.Th in the affected radius. 
The laboratory data at the time HR-pQCT was performed
showed that the serum levels of calcium, vitamin D, phos-
phorus, creatinine, and parathyroid hormone were within the
normal range (Table 1). Two patients had osteoporosis, as
indicated by the BMD (as measured by dual-energy X-ray
absorptiometry): in both patients, the T-Score at the lumbar
spine was <-2.5. A third patient had osteopenia. The remain-
ing 2 patients had normal BMD (Table 1). Relationships be-
tween the bone microstructure changes at the time of HR-
pQCT and the laboratory data or the BMD were not found.

Discussion

This retrospective clinical study showed for the first time how
the bone microstructure in the affected distal radius of pa-
tients with CRPS changes relative to the bone microstructure
in the unaffected distal radius. The affected radii exhibited
significantly lower trabecular number and significantly
greater trabecular thickness than the unaffected radii. There
was a tendency for both of these changes to amplify over
time since disease onset. In particular, patients who had
CRPS for at least 10 months had markedly greater trabecu-
lar thickness on the affected side relative to the unaffected
side, whereas this change was much less prominent in the
patients who had been diagnosed more recently. These find-
ings probably reflect trabecular hyperthrophy that follows the
reduction of trabecular number and aims to preserve the tra-
becular bone volume relative to total bone volume. Indeed,
the affected and unaffected radii of the patients had similar
trabecular bone volume to total bone volume. 
The reason for the increased bone resorption in CRPS re-
mains unclear. It may reflect perturbation of the centrally
controlled bone remodeling processes, which are mediated
by a neuroendocrine mechanism (6) and the sympathetic
nervous system. This notion is supported by the well-estab-
lished fact that osteoblasts and osteoclasts are equipped
with adrenergic and peptidergic receptors. This suggests
that these cells are innervated by sympathetic and sensory
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Figure 1 - High-resolution quantitative computed tomography images of the distal radii of a patient with chronic regional pain syndrome (CRPS). (A)
The CRPS-affected distal radius. (B) The unaffected distal radius. Note the decreased trabecular number and increased trabecular thickness in the
CRPS-affected radius compared to that in the unaffected radius. 
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nerves and their activity could be modulated by changes in the
activity of these nerves (7). This possibility is supported by the
observation that the beta-2 adrenergic receptors in osteoblasts
inhibit their activity; moreover, adrenergic nerves can activate
the RANKL receptor in osteoclasts and trigger RANKL-mediat-
ed osteoclastogenesis that manifests as bone resorption (7).
Another possible mechanism that drives the increased bone
resorption in CRPS is neurogenic inflammation, which is mainly

mediated by NGF. This neuropeptide is produced by leuko-
cytes and activated mast cells, binds to specific receptors on
sensitive afferent fibers, and shapes the release of neuropepti-
dases, which in turn alter the levels of substance P and calci-
tonin gene-related peptide (8). This in turn may contribute to
the clinical presentation of CRPS, since these neuropeptidases
induce local vasodilatation, increase capillary permeability, and
promote interstitial edema (16). These effects in turn generate
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Figure 2 - Trabecular and cortical bone microstructure of the patients with chronic regional pain syndrome (CRPS). (A) Trabecular bone volume rel-
ative to total bone volume (BV/TV), (B) trabecular number (Tb.N), (C) trabecular thickness (Tb.Th), (D) cortical thickness (C.Th), and (E) cortical BMD
(C.BMD) at the CRPS-affected (black bars) and unaffected (white bars) distal radii. All values are means ± SEM (*p<0.05, as determined by paired
Student’s t-test).

  Table 2 - Differences in bone microstructure in percent between the CRPS affected and unaffected sides. 

Patient Disease duration until HR-
pQCT (month) 

BV/TV  Tb.Th Tb.N C.Th C.BMD 

1 1.5 -4.76% -1.02% -3.13% -19.82% -22.08% 

2 6 15.56% -17.55% 27.13% 12.89% 1.16% 

3 12 -28.57% -55.38% 70.31% -21.70% -16.12% 

4 19 -7.69% -33.64% 40.26% 52.83% 23.67% 

5 60 -1.59% -19.48% 46.88% 34.90% 18.88% 
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local hypoxia with acidosis. This cascade of events could fur-
ther promote the local inflammatory process by causing occlu-
sion of the local vessel lumen, which in turn induces the forma-
tion of arteriovenous shunts that aggravate the hypoxic stress
and capillary damage (17). 
Most of the studies on the histopathology of CRPS only ana-
lyzed the superficial tissue (skin and subcutaneous tissues)
of the affected limb: studies on the CRPS-related changes in
joints and bone have not yet been published. In addition,
while there are some animal models for CRPS that have
been used to assess the histopathological effect of trophic
changes, only a few studies using these models have been
published (18). An excellent technique for assessing bone
histopathology is HR-pQCT, which provides images of the
trabecular and cortical bone. This digital assessment of the
bone microstructure in vivo improves the evaluation of bone
diseases and was therefore used for many studies in the last
few years. Previous studies show that HR-pQCT provides
high-resolution 3-dimensional reconstructed in vivo images
of cortical and trabecular bone while exposing the patients to
only low levels of radiation. It thus can be used to detect
age- and disease-related changes in trabecular microarchi-
tecture (19). Krause et al. also showed in 2014 that HR-
pQCT provides acceptable in vivo accuracy for BV/TV in pa-
tients with osteoporosis and bisphosphonate treatment com-
pared to the gold standard (microtomography) (20). MacNeil
et al. (21) also found that HR-pQCT accurately reflects mi-
crotomography of biopsies taken from the same regions of
cadaveric radii. To our knowledge, HR-pQCT had never
been used to assess the CRPS-associated changes in bone
microstructure previously. 
As mentioned above, the increased local bone resorption in
CRPS may reflect local inflammatory processes. However,
several lines of evidence suggest that these processes differ
from the inflammatory processes that drive the loss of bone,
for example in rheumatoid arthritis (RA). First, when Zhu et
al. (22) subjected the distal radius of patients with RA to HR-
pQCT, they found this disease associated with a deleterious
effect on the cortical bone rather than the trabecular bone.
Second, Fouque-Aubert et al. (23) showed with HR-pQCT in
2010 that the metacarpal phalange heads of patients with
RA exhibited decreased trabecular thickness (the effect of
RA on cortical measurements was not assessed because of
the thin cortical bone at the metacarpal phalange heads). By
contrast, in our study, we found that the CRPS-associated
changes occurred in the trabecular compartment, not the
cortical compartment and the changes were associated with
increased trabecular thickness, not decreased thickness. To
our best knowledge the influence of dominant side on mi-
crostructure bone values measured by HR-pQCT have not
yet been performed. In our study the cortical bone mineral
density was similar in both forearms and thus may reflect
similar cortical bone architecture in dominant and non-domi-
nant side. Previous studies demonstrated similar bone densi-
ty in dominant and non-dominant forearms (24) and rea-
soned that the consistency in scan acquisition techniques
and scan analyses is of greater importance than the selec-
tion of an extremity based on hand dominance in DXA stud-
ies (25), whereas others found higher BMD in the dominant
metacarpal phalange of patients (26). However, further HR-
pQCT studies are needed to analyse the dominant side ef-
fect on bone architecture.
This study has a number of limitations. First, the sample size
was small and the retrospective study design prohibited fol-

low-up of the patients. Second, in three of the five patients, a
fracture was probably the reason for the CRPS. This could
suggest that the bone remodeling pattern detected by HR-
pQCT reflects the fracture rather than CRPS. However, this
possibility is not supported by the data of the two non-frac-
ture patients: both exhibited similar relative reductions in tra-
becular number and increases in trabecular thickness in the
CRPS-affected limb to the 3 fracture patients.
In summary, we demonstrated for the first time, using HR-
pQCT, the in vivo changes in the bone microstructure of the
upper limb in patients with CRPS. This is not only helpful for
improving our understanding of the CRPS-related changes in
bone microstructure for future studies, but will also be useful
for monitoring the effect of treatments on bone, especially
bisphosphonate treatment, which is being increasingly used
to treat CRPS.
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