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Complex regional pain syndrome type I (CRPS-I), formerly known as 
Reflex Sympathetic Dystrophy, can occur after a trauma to an arm or leg. 
CRPS is frequently seen after wrist fractures. The diagnosis of  CRPS is 
based on clinical signs and symptoms. According to Veldman et al. it is 
characterized by unexplained diffuse pain, differences in skin colour and 
temperature relative to the other limb, diffuse oedema, and limited ac-
tive range of  motion. These signs and symptoms occur or increase after 
use and are present in an area larger than the area of  primary trauma.

CRPS is one of  the most important causes of  invalidation after an injury 
to an extremity and the therapy is difficult, time consuming and costly. 
When it occurs it has a devastating impact on the patient in personal, 
social and economic view. The emphasis of  treatment should therefore 
be on prevention.

This thesis, by orthopaedic surgeon Paul Zollinger, gives an overview of  
the evidence-based therapy of  CRPS in an outline of  the Dutch clinical 
practice guideline ‘Complex regional pain syndrome type I’. A general 
exposé on the chemical, pharmacodynamic and clinical aspects of  vita-
min C (ascorbic acid) is presented.

In two placebo-controlled randomized clinical trials Zollinger et al. show 
that 500 mg vitamin C daily, reduces the chance for the occurrence of  
CRPS after wrist fractures. In addition, this application of  vitamin C is 
proposed in hand surgery as well. 

An alphabetical list of  the relevant literature and summaries in English, 
Dutch and German complete this book on CRPS, which may be of  
interest for a variety of  health care professionals (general practitioners, 
physiotherapists, trauma and orthopaedic surgeons, etc.).

 



 



Vitamin C for prevention of CRPS-I in traumatology and orthopaedic surgery

Sidestone Press



Copyright 2008 by Paul Zollinger

Published by Sidestone Press, Leiden
Hardcopies available at www.sidestone.com
Sidestone registration number: SSP30780001

ISBN 978-90-8890-009-9

Cover: Torres KIO, Plaza de Castilla, Madrid (E) by Van Zol Enterprises, 2008

Layout and cover design by Sidestone Press



ACADEMISCH PROEFSCHRIFT

ter verkrijging van de graad Doctor aan
de Vrije Universiteit Amsterdam,
op gezag van de rector magnificus

prof.dr. L.M. Bouter,
in het openbaar te verdedigen

ten overstaan van de promotiecommissie
van de faculteit der Geneeskunde

op vrijdag 5 september 2008 om 13.45 uur
in de aula van de universiteit,

De Boelelaan 1105

Vitamin C for prevention of CRPS-I in traumatology and orthopaedic surgery

VRIJE UNIVERSITEIT

door

Paul Eugen Zollinger

geboren te Zürich, Zwitserland



promotor:  prof.dr. R.W. Kreis
copromotor:  dr. W.E. Tuinebreijer



Beoordelingscommissie
Prof.dr. R.M. Atkins
orthopaedic surgeon, Bristol Royal Infirmary, Bristol, UK

Prof.dr. S.K. Bulstra
orthopaedic surgeon, University Medical Centre, Groningen

Prof.dr. J.H.B. Geertzen
rehabilitation specialist, University Medical Centre, Groningen

Prof.dr. P. Patka
surgeon-traumatologist, Erasmus Medical Centre, Rotterdam

Prof.dr. W.W.A. Zuurmond
anaesthesiologist, Free University Medical Centre, Amsterdam

Paranimfen
P.A.G.M. Bakx
M.B. Verbrugge - Zollinger





me, myself and I

[De La Soul 1988, written by P. Huston, K. Mercer (Posdnuos), D. Jolicoeur (Dave),  
V. Mason (Mase), P. Wynn and G. Clinton
It’s just me, myself and I; 201,000,000 hits in 0.27 seconds
3,890,000,000 for me (0.15 seconds)
332,000,000 for myself (0.22 seconds)
8,730,000,000 for I (0.19 seconds)] 
 
 





Contents

Chapter 1
General introduction and background of this thesis

Chapter 2 
Clinical guideline: ’Complex regional pain syndrome type I’
Ned Tijdschr Geneesk 2007; 151: 1674-9

Chapter 3
Everything you always wanted to know about vitamin C, but were afraid to 
read – Chemical, pharmocodynamic and clinical aspects of ascorbic acid

Chapter 4 
Effect of vitamin C on frequency of reflex sympathetic dystrophy in wrist
fractures: a randomised trial
Lancet 1999; 354: 2025-8

Chapter 5  
Can vitamin C prevent Complex Regional Pain Syndrome in patients with 
wrist fractures? A randomized, controlled, multicenter dose-response study
J Bone Joint Surg Am. 2007; 89: 1424-31

Chapter 6
Is there a higher incidence of complex regional pain syndrome type I in wrist 
fractures after external fixation compared to other treatment modalities? 
– Subgroup analysis of a randomised clinical trial with vitamin C as prevention
Submitted

Chapter 7 
Late reconstruction of a traumatic trapeziometacarpal dislocation with a semi-
constrained prosthesis; a case report
Eur J Trauma Emerg Surg 2007; 33: 648-50

Chapter 8
Clinical outcome of cementless semi-constrained trapeziometacarpal joint  
arthroplasty, and possible effect of Vitamin C on the occurrence of complex 
regional pain syndrome
Acta Orthop Belg 2008; 74: 317-22

Chapter 9
Summary

13 
 

23

37

57

71

87

99

107

117



Chapter 10
Samenvatting (Summary in Dutch)

Chapter 11
Zusammenfassung (Summary in German)

References in alphabetical order

Addendum 1
Abbreviations
Glossary

Addendum 2 - Criteria and definitions for RSD or CRPS

Addendum 3 - Levels of evidence for primary research question

Addendum 4 - Names

Bibliography and presentations

Acknowledgements

125

135

145

155
156

157

161

163

165

171







Chapter 1

General introduction and 
background of this thesis





15

General introduction and background of this thesis

The difficult problem of Complex Regional Pain Syndrome (CRPS) type I or Reflex 
Sympathetic Dystrophy (RSD) has not yet been resolved (for definitions see Addendum 2).

Both aetiology and pathofysiology are still unclear and subject to discussion, though 
many postulates have been presented after the first publications of dr. S. Weir Mitchell 
(neurologist; 1829-1914) on causalgia and Paul H.M. Sudeck (surgeon; 1866-1945) on 
‘dystrophy’, called Sudeck’s atrophy.1,2

In the Netherlands almost a tradition has developed of medical and scientific research 
on the subject of CRPS-I, here also called posttraumatic dystrophy. An eruption of the-
ses started after the work of the godfather of CRPS in the Netherlands, Prof. dr. R. Jan 
A. Goris working at the Dutch epicentre of dystrophy, the University Medical Centre St. 
Radboud in Nijmegen. The magnum opus that he and Peter H.J.M. Veldman wrote on 
their unrivaled cohort of 829 patients, inspired all others and served to trigger further in-
vestigation and publications.3 A survey of theses from that period is presented in Table 1 at 
the end of this introduction.

This broad interest in CRPS in the Netherlands made it possible to develop the unique 
and first multidisciplinary evidence-based guideline on this subject with the methodologi-
cal support of the Institute of Health Care Improvement (CBO; http://www.cbo.nl/eng-
lish/default_view). This has lead to the publication of this guideline in 2006 by the active 
Dutch patients’ association.4 

It is due to this Netherlands Association of Posttraumatic Dystrophy Patients (http://
www.posttraumatischedystrofie.nl) and its chairwoman that this guideline became avail-
able in printed form, with a special version for patients. The Association produced English 
translations of this guideline and made them available on the World Wide Web.5,6 Chapter 
2 of this thesis presents an excerpt of this Dutch clinical guideline in English.7

The diagnosis of CRPS-I is a clinical one.4,5,7 Different criteria are used internationally 
to diagnose CRPS. 3, 8-10 These are summarized in Addendum 2. In everyday medical prac-
tice the criteria of Veldman and Goris are preferred, thanks to their simplicity, which con-
trasts with the other classifications introduced in Addendum 2. Atkins recognizes that there 
is no single, universally adopted set of criteria to diagnose CRPS. He advocates a high level 
of clinical suspicion, he discriminates even a mild form of CRPS, and is therefore known to 
be liberal in making the diagnosis.11

Goris was the first in post-War modern medicine to emphasize the acute stage of RSD 
and its regional signs of inflammation, although as early as 1942, Sudeck had hypothesized 
that a regional inflammatory response was involved.12,13 Goris has been publishing on this 
subject for more than 20 years now (from 1985 until recently in 2007).14 He proposed the 
acute reflex sympathetic dystrophy syndrome as a model of a severe regional inflammatory 
response syndrome.15

The systemic inflammatory response syndrome (SIRS) is the main cause of severe 
morbidity in surgical patients. Its condition is defined as being identical to the criteria for 
sepsis, but without any bacterial infection. Respiratory dysfunction is a frequent first clini-
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cal symptom of SIRS. This state is referred to as the acute respiratory distress syndrome 
(ARDS). It can lead to multiple organ failure (MOF) or the multiple organ dysfunction 
syndrome (MODS) and sepsis. Causes for the development of SIRS and MODS include 
severe trauma, pancreatitits, severe infection and burns.15,16

It was thanks to Prof. dr. Robert W. Kreis of the Burns Centre (Red Cross Hospital), 
Beverwijk, the Netherlands, that the association between the phenomena of inflammatory 
response in the first phase of burn treatment and RSD was made. As there was evidence of 
a successful influence of high doses of vitamin C in early burn resuscitation (chapter 3), he 
postulated a possible identical effect in RSD.17-20 We set up a pilot study to investigate this 
in wrist fractures and - to our own astonishment – we found a statistical significance. The 
results of our first randomized clinical trial (RCT) on this subject forms chapter 4 of this 
thesis.21

It is known that CRPS may develop even after minor trauma. Could there be a parallel 
with major trauma, where a cascade of deterioration develops, leading to SIRS and MODS 
on the one hand, and CRPS type I on the other?16

Kearns et al. found that pretreatment with oral vitamin C in rats protects against acute 
muscle ischaemia-reperfusion injury (IRI), possibly by diminishing neutrophil respiratory 
burst activity. IRI is caused by endothelial and subendothelial damage by neutrophil-de-
rived oxidants.22 They also reported a potential role for antioxidants, such as vitamin C, in 
the reduction of injury to skeletal muscle caused by compartment syndrome.23 With the 
knowledge that the production of oxidants in neutrophils is reduced by the administra-
tion of vitamin C and that vitamin C can protect the endothelium from direct injury by 
oxidants, one can postulate that it can prevent microvascular dysfunction and the microan-
giopathy of an inflammatory reaction, as in CRPS.

In a review article Tanaka and Matsuda state that the increased vascular permeability 
in burns is a result of damage to the micro-vascular endothelial cells caused by oxygen free 
radicals.24 Vitamin C inhibits this vascular permeability. They suggest that vitamin C may 
be useful as therapy for the burn shock period. In a later study, they provide us with the sci-
entific proof that ascorbic acid given in high doses during the first 24 hours of burn resusci-
tation, significantly reduces resuscitation fluid volume requirements and wound oedema.25 

The severity of respiratory dysfunction was also apparently reduced in these patients.25

As no therapeutic agents are known to cure ARDS, SIRS and MODS, one suggestion 
might be the administration of high doses of vitamin C.26

Levine et al. reported a steady-state in human plasma at doses greater than 200 mg 
ascorbic acid (vitamin C) per day.27

To investigate a dose relation, we set up a multicentre placebo-controlled dose-response 
study with vitamin C for all types of wrist fractures with conservative and operative fracture 
treatment. This second RCT is described in chapter 5 of this thesis.28
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CRPS therapy is difficult and time consuming.4,5,7,11,29 Many medical professionals are 
involved, besides orthopaedic and trauma surgeons. CRPS is one of the most important 
causes of invalidation after an injury to an extremity or operation on an extremity.15

Wrist fractures are a common condition and can be sustained by anyone in daily life. 
When a complication such as CRPS occurs, it may develop into a chronic disability, mean-
ing that the simple wrist fracture is no longer marginal for the patient in question, his rela-
tives, social and working environment. The emphasis of treatment should therefore be on 
prevention. Prevention is also important for general practitioners, physiotherapists, anesthe-
siologists, neurosurgeons, neurologists, plastic surgeons, rheumatologists, rehabilitation 
specialists, occupational therapists, etc. After wrist fractures we (and others with us) advise 
the administration of a daily dose of 500 mg vitamin C during 50 days in order to prevent 
CRPS.7, 14,21,28,30 If necessary the treatment can be repeated for a second period without 
no adverse or side effects at this dose. In other types of trauma of the hand, wrist or even 
lower extremity, vitamin C may also play a role in diminishing the chance of developing a 
CRPS (chapter 6). It may also play a similar role in elective, orthopaedic, and hand surgery 
(chapter 7 and 8). 31,32 This represents new territory, ready to be explored…
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Table 1. Dutch theses on CRPS

Niehof SP  Video thermography: complex regional pain syndrome in the picture.

 2007 Erasmus University Rotterdam ISBN 978-90-8559-157-3

Van de Vusse AC  A CRPS Triptych. Studies on diagnosis, pathogenesis and treatment of the Complex 
Regional Pain Syndrome. 

 2004 University Maastricht ISBN 90-809018-2-2

Forouzanfar T  Complex Regional Pain Syndrome type I. Measurements and treatment.

 2004 University Maastricht 

Huygen FJPM  Neuroimmune Alterations in the Complex Regional Pain Syndrome.

 2004 Erasmus University Rotterdam ISBN 90-77595-58-9

Schasfoort FC  Objective measurement of activity limitations in complex regional pain syndrome 
type I.

 2003 Erasmus University Rotterdam ISBN 90-9017382-X

Perez RSGM  Complex Regional Pain Syndrome Type I  A randomized controlled study into the 
effects of  two radical scavengers and evalutation of measurement instruments.

 2002 Free University Amsterdam ISBN 90 9015456 6

Van de Beek WJT  Reflex Sympathetic Dystrophy  Clinical, pathophysiological and etiological aspects.

 2001 University Leiden ISBN 90 9015278 4

Ribbers GM  Complex Regional Pain Syndrome I  A study on pain and motor impairments.

 2001 Erasmus University Rotterdam ISBN 90 74443 33 8

Kemler MA  Spinal cord stimulation for chronic reflex sympathetic dystrophy. 

 2000 University Maastricht ISBN 90-9013865

Moesker A  Complex Regional Pain Syndrome, formerly called reflex sympathetic dystrophy 
syndrome, treatment with ketanserin and carnitine.

 2000 Erasmus University Rotterdam ISBN 90 9013574

Oerlemans HM  Reflex Sympathetic Dystrophy: development of measurement instruments and out-
come of a randomised controlled clinical study on physiotherapy and occupational 
therapy. 

 1999 University Nijmegen ISBN 90-9012764-X

Van der Laan L  Pathophysiological mechanisms of Reflex Sympathetic Dystrophy, a clinical and 
experimental study.

 1998 University Nijmegen ISBN 90-9012256-7

Geertzen JHB  Reflex Sympathetic Dystrophy, a study in the perspective of rehabilitation medicine.

 1998 University Groningen ISBN 90-74768-11-3

Kurvers HAJM  Reflex Sympathetic Dystrophy, a clinical and experimental study. 

 1997 University Maastricht ISBN 90-9010533-6

Veldman PHJM  Clinical Aspects of Sympathetic Dystrophy .

 1995 University Nijmegen ISBN 90-9007712-X
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Abstract

Clinical practice guideline ‘Complex regional pain syndrome type I’
The development and treatment of the complex regional pain syndrome type I (CRPS-I) are 
a subject of much discussion.
Using the method for the development of evidence-based guidelines, a multidisciplinary 
guideline for the diagnosis and treatment of this syndrome has been drawn up.
The diagnosis of CRPS-I is based on the clinical observation of signs and symptoms.
For pain treatment, the WHO analgesic ladder is advised up to step 2.
In case of pain of a neuropathic nature, anticonvulsants and tricyclic antidepressants may be 
considered.
For the treatment of inflammatory symptoms, free-radical scavengers (dimethylsulphoxide or 
acetylcysteine) are advised.
In order to enhance peripheral blood flow, vasodilatory medication may be considered.
Percutaneous sympathetic blockades may be used for a cold extremity if vasodilatory medi-
cation produces insufficient effect.
To decrease functional limitations, standardised physiotherapy and occupational therapy are 
advised.
To prevent the occurrence of CRPS-I after wrist fractures, the use of vitamin C is 
recommended.
Adequate perioperative analgesia, limitation of operation time and limited use of tourniquet 
are advised for the secondary prevention of CRPS-I. Use of regional anaesthetic techniques 
can also be considered in this connection. 

Reprinted with permission from Nederlands Tijdschrift voor Geneeskunde, 151, R.S.G.M. Perez, 
P.E. Zollinger, P.U. Dijkstra, I.L Thomassen-Hilgersom, W.W.A. Zuurmond, C.J.G.M. Rosenbrand, 
J.H.B. Geertzen: Richtlijn ‘Complex regionaal pijn syndroom type I’, 1674-79, Copyright 2007.

•

•

•
•
•

•

•
•

•

•

•
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Clinical guideline: ‘Complex regional pain syndrome type I’

Complex regional pain syndrome type I (CRPS-I) is an affliction that may occur after 
trauma to an arm or leg. It is characterized by a combination of autonomous, sensory and 
vasomotor symptoms. Pain, temperature difference, restricted motion, colour change, 
hyperaesthesia, hyperalgesia, hyperpathy, tremor, involuntary movement, muscle spasms, 
paresis, pseudoparalysis, atrophy of skin, muscle and bone, hyperhidrosis and changes in 
hair and nail growth have all been described as associated with CRPS-I.1

Terminology
A variety of terms are used for CRPS-I, including post-traumatic dystrophy and reflex sym-
pathetic dystrophy (RSD). The term RSD is used to indicate a possible hyperactivity of the 
orthosympathetic nervous system due to damage of sensory nerves. This theory has become 
the subject of debate because there are indications of reduced activity of the sympathetic 
nervous system and the limited effectiveness of sympathetic suppressive treatments.2 For 
that reason, a consensus conference of the International Association for the Study of Pain 
proposed the use of the descriptive term ‘complex regional pain syndrome’. A distinction is 
drawn between CRPS type I (RSD), where no nerve damage is found, and type II, where 
nerve damage can be demonstrated (causalgia).3

A conference in 2002 initiated the formulation of guidelines for the diagnosis and 
treatment of CRPS-I. The development of evidence-based guidelines subsequently started 
in 2003 at the initiative of the Netherlands Society of Rehabilitation Specialists and the 
Netherlands Society of Anaesthesiologists under the auspices of the Institute for Healthcare 
Improvement, CBO.

This paper summarises the recommendations contained in the clinical practice guideline 
on ‘Complex regional pain syndrome type I’.4 The reader is referred to the guideline text 
for a complete description and the underlying premises (www.cbo.nl).

Absence of objective diagnostic and therapeutic data
The absence of objective diagnostic tests and an unequivocal explanatory pathophysiologi-
cal mechanism, coupled with the limited potential of current differential diagnostic criteria, 
make CRPS-I difficult to diagnose, while it is also difficult to distinguish the complaint 
from other conditions with similar symptoms.

The effects of various treatment modalities have only limited scientific justification. 
Most of the research on which this guideline is based has been conducted on patients in an 
early stage of the syndrome. Any extrapolation of these results to patients in later stages of 
the syndrome should be approached with caution. CRPS-I may be treated with pharma-
ceuticals or invasive medical therapy, and with paramedical and psychological treatment.
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Diagnosis
Various sets of diagnostic criteria are described in the literature. Clinical diagnosis of 
CRPS-I can be established on the basis of criteria published by Veldman et al.1 and the 
IASP.3 The preference of the task force is for the Veldman et al. criteria (Table 1).

For research purposes the guideline advises that patient groups be described using the 
criteria of Veldman et al., the IASP criteria, those of Bruehl et al. 5, or a combination of 
all three.4 Imaging techniques, general blood tests, skin tests, skin temperature measure-
ments, sympathetic and sudomotor function tests, neurophysiological tests and quantita-
tive sensory tests are valueless in the diagnosis of CRPS-I. If it is suspected that the patient 
is suffering from another condition, however, then additional diagnostic tests may well be 
necessary. Test methods that have been developed solely to quantify and objectify clini-
cal findings in CRPS-I patients have no additional diagnostic value in respect of actually 
diagnosing CRPS-I. Such test methods can be important, however, when evaluating the 
complaints in a research context.

Epidemiology
CRPS-I is most common in caucasians. The syndrome is diagnosed 2–3 times more fre-
quently in females than males.1 Differences in levels of incidence are partly an artefact of 
different diagnostic criteria and differences in causative trauma. CRPS-I occurs relatively 
frequently after a wrist fracture, with an incidence of 1–37%.6,6a It should be noted that 
treatment of the wrist using an external fixator does not increase the risk of CRPS-I.7

Treatment: Pharmaceutical and Invasive
A summary of the treatments for patients with CRPS-I is given in Table 2.

1. Presence of 4 or 5 of the following symptoms:

 Unexplained diffuse pain

 Difference in skin colour relative to other limb

 Diffuse oedema;

 Difference in skin temperature relative to other limb

 Limited active range of motion.

2. Occurrence or increase of above signs and symptoms after use.

3. Above signs and symptoms present in an area much larger than the area of primary injury or

 operation and including the area distal to the primary injury.

Table 1. Diagnostic criteria for complex regional pain syndrome type I according to 
Veldman et al.1
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Treatment acute chronic prevention

primary secondary

Medicament (oral)

paracetamol + + + +
NSAID + + +
tramadol + +
strong opioid - - - +*

gabapentine for neuropathic pain
carbamazepine for neuropathic pain
pregabeline for neuropathic pain
amitryptiline for neuropathic pain
nortryptiline for neuropathic pain
DMSO 50% + +
acetylcysteine + +
vitamin C +

baclofen or motor dysfunction
corticosteroid - -
calcitonin - - +

bisphosphonate experimental
for cold limbscalcium channel blocker

Invasive

mannitol - - - -
botulinus toxin - -

baclofen intrathecal experimental for motor dysfunction
sympathicus blockade with guanethidine i.v. - - - -

sypathicus blockade percutaneous                   experimental for cold limbs
ketanserine i.v. + +
reserpine i.v. - -
droperidol i.v. - -
atropine i.v. - -
clonidine i.v. +
regional anaesthesia +
electrical spinal cord stimulation experimental +

sypathectomy, operative experimental
amputation for recurrent infection and serious dysfunctions

Paramedical

physiotherapy + +
occupational therapy + +

psychotherapy if indicated

multidisciplinary treatment co-ordination by case manager desirable
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Pain treatment
Administration of pain medication according to the WHO ladder is recommended (http://
whqlibdoc.who.int/publications/9241544821.pdf ). Strong opioids should not be used on 
this group of patients. A subanaesthetic dose of ketamine may be considered under control-
led conditions.8

Administration of anticonvulsants and tricyclic antidepressants may be considered for 
patients reporting neuropathic pain, such as hyperaesthesia and allodynia. Gabapentin 
may be considered for patients with hyperaesthesia and allodynia, with a trial period of 8 
weeks.9 Non-continuous attacks of neuropathic pain may be treated with a trial course of 
antiepileptics, such as carbamazepine or pregabalin, while continuous neuropathic pain 
may be treated with a trial of amitryptiline or nortryptiline. Capsaicin should not be used 
in the treatment of CRPS-I. There is only limited evidence for the effectiveness of the vari-
ous forms of pain medication, so further research is a matter of urgency.

Treatment with free radical scavengers
Dimethylsulphoxide (DMSO) cream 50% 5 dd may be considered for patients who have 
suffered CRPS-I for less than one year.10 11 A trial period of DMSO cream may be consid-
ered for patients experiencing CRPS-I for longer than a year. Acetylcysteine may be con-
sidered for CRPS-I patients with a primary cold skin temperature.11 The effect of mannitol 
has not been adequately demonstrated and such treatment should only be undertaken in a 
trial setting.

Treatment of motor disorders
CRPS-I patients exhibiting dystonia, myoclonias or muscle spasms may be adminis-
tered oral baclofen according to the standard staged treatment, followed by diazepam 
or clonazepam, which should be titrated slowly, in regard to the effect and side effects. 
Administration of botulinum toxin has no place in the treatment of dystonic CRPS-I pa-
tients. The use of intrathecal baclofen is still in the experimental phase.12

Corticosteroids
In view of the limited methodological quality of the research,13 14 the side effects of corticos-
teroids, and a lack of clear evidence on duration and dosage, routine treatment of CRPS-I 
patients with corticosteroids is not recommended.

Table 2 (previous page). Summary diagram of recommended treatments from the clinical guide-
line ‘Complex regional pain syndrome type I’.
+: recommended / may be considered
–: not recommended
DMSO = dimethylsulphoxide
* When treating peri- or post-operative pain
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Calcium regulators
In view of conflicting research results, no unequivocal advice can be given on the use of 
calcitonin in the treatment of CRPS-I patients.2 13 14 Bisphosphonates have a beneficial ef-
fect on inflammatory symptoms in CRPS-I.14 However, given the limited experience and 
uncertainty about the dosage and duration of such therapy, bisphosphonates should only be 
administered in a trial setting. Patients with a cold type of CRPS-I may be considered for a 
one-week treatment with a calcium channel blocker.

Sympathetic blockades
A number of systematic literature searches have revealed that treatment of CRPS-I with in-
travenous sympathetic blockades delivers no benefit in comparison with control therapies, 
including placebo interventions.2 13 14 There is no place for such intervention in the treat-
ment of CRPS-I patients.

Percutaneous lumbar sympathetic blockades and ganglion stellatum blockades should 
also be used with caution, i.e. not routinely, on CRPS-I patients, given the limited evidence 
for the effectiveness of this intervention. Due to a possible improvement in peripheral 
blood flow in the afflicted extremity, a blockade with local anaesthetic may be considered 
for patients with a cold type of CRPS-I who do not respond adequately to vasodilators. If 
a trial blockade has been successful, a definitive sympathetic blockade using radiofrequency 
lesions, phenol or alcohol can be considered in a research context.

Other intravenous treatments
There are indications that intravenous administration of ketanserin has an analgesic ef-
fect in the treatment of CRPS-I patients and this treatment can therefore be considered.2 
Intravenous treatment with reserpine, droperidol and atropine has not been shown to be 
effective and is not recommended.

Operative interventions
Qualitatively limited studies have described the beneficial effect of operative sympathec-
tomy.15 In view of the moderate evidence for the effectiveness of this intervention and given 
the risk of neuropathic complications, great caution should be employed when performing 
sympathectomy on CRPS-I patients. The treatment should only be undertaken in an 
investigative context to examine its effectiveness and potential risk. Electrical spinal cord 
stimulation involves placement of an electrode in the epidural space at the point where the 
painful area is innervated. Spinal cord stimulation can lead to long-term pain relief and 
an improvement in quality of life for chronic CRPS-I patients, provided they are care-
fully selected according to stringent criteria.16 The therapy is regarded as sound for chronic 
CRPS-I patients who have not responded to other treatments. Electrical spinal cord stimu-
lation should only be considered for other CRPS-I patients in a study context. Amputation 
should only be considered for CRPS-I patients if they suffer from serious recurrent infec-
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tions and severe functional disorders, such as serious contractions. The objective of the 
treatment is to improve quality of life. Prior consultation with a centre specialising in the 
treatment of CRPS-I patients is recommended.

Paramedical, rehabilitative and psychological treatments
Physiotherapy
At an early stage of the complaint, physiotherapy may be beneficial, aiding recovery from 
disability and restoration of function to CRPS-I patients.17 There are indications that physi-
otherapy is also useful for longer-term CRPS-I patients. It is recommended that physi-
otherapy, aimed at restoration of function, be started as soon as possible after the onset of 
CRPS-I. The specific forms of treatment are to be found in the complete guideline (www.
cbo.nl).4 Transcutaneous electrical nerve stimulation may be used without risk as a supple-
mentary treatment for CRPS-I patients, as long as it is found to be beneficial.

Occupational therapy
Occupational therapy has a beneficial effect on functional disorder in patients suffering 
CRPS-I in the upper extremities. There are indications that occupational therapy improves 
the patients’ level of activity,17 which is therefore recommended.

Psychological treatment
There are no satisfactory indications of a psychological predisposition to CRPS-I. The 
influence of such psychological factors as anxiety, depression and coping on the course of 
CRPS-I is unclear. Nevertheless, situations may occur when psychological intervention, 
such as cognitive behavioural therapy, may be considered desirable. A psychologist may be 
consulted if a discrepancy is observed between objectively determined clinical symptoms 
and the patient’s (pain-related) behaviour, if the treatment stagnates, if the patient is suffer-
ing greatly, or at the patient’s own request.

Multidisciplinary rehabilitation therapy
The effectiveness of multidisciplinary treatment of adults with CRPS-I has not been dem-
onstrated. Given the multidimensional nature of CRPS-I, however, an integrated approach 
may be desirable, with a single, local specialist acting as case manager.

Treatment of children with CRPS-I
CRPS-I is less prevalent in children than adults. The treatments detailed in this guideline 
should be applied to children with caution as they have not been investigated for this target 
group. In such cases, co-ordination with a paediatrician is desirable. There are indications 
that physiotherapy and occupational therapy, as part of a multidisciplinary approach, can 
have beneficial effects on children with CRPS-I.18 Treatment of children with these modali-
ties is advised.
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There is insufficient evidence of a psychological predisposition in children with CRPS-I, 
nor has the effect of psychological interventions been adequately demonstrated. If psycho-
logical diagnosis and treatment of children with CRPS-I is considered, then it should pref-
erably be carried out by a child psychologist.

CRPS-I and work
CRPS-I is accompanied by objectively measurable limitations that can influence the ability 
to work.19 Recovery and reintegration into the labour process benefit from the direct sup-
port of colleagues and supervisors, suitable working conditions and modified job demands. 
The industrial physician assesses which measures may be needed in order that the patient 
can perform responsibly in the labour process. This involves an assessment of the exer-
tion involved in a job as against the patient’s capacity to tolerate such exertion. Functional 
recovery can be accelerated by adopting a timetabled approach rather than a complaint-ori-
ented one. If the timetabled approach is impossible, or if the patient’s tolerance cannot be 
assessed adequately, then the industrial physician should consult the attending physician.

Preventing CRPS-I
Primary prevention
It has been demonstrated that oral administration of vitamin C 500 mg daily for 50 days 
reduces the risk of CRPS-I in patients after a wrist fracture.20 This treatment should there-
fore be considered as a prophylactic for wrist fracture patients.

There is little evidence that perioperative administration of intravenous guanethidine 
and subcutaneous calcitonin has a beneficial, preventive effect on CRPS-I21 so this preven-
tive measure is therefore not advised.

Secondary prevention
It is recommended that surgery of the (previously) affected limb be postponed until the 
signs and symptoms of CRPS-I have almost disappeared, unless the operation is intended 
to treat a factor underlying the syndrome. Adequate pre-, peri- and postoperative pain con-
trol is recommended, as is minimisation of the duration of the operation and tourniquet 
use.

There are indications that the following treatments have a protective effect in patients 
who have previously experienced CRPS-I: perioperative blockades of the ganglion stella-
tum or i.v. regional blockades with clonidine (not guanethidine); regional anaesthesia with 
a sympathicolytic effect, i.e., epidural or spinal analgesia, plexus brachialis blockade, either 
alone or in combination with general anaesthesia, or perioperative administration of cal-
citonin.21 These treatments may be considered in the case of surgery on patients who have 
previously experienced CRPS-I.

The protective effect of perioperative administration of mannitol in preventing CRPS-I 
has not been demonstrated.
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CRPS-I task force:
Prof.dr. J.H.B. Geertzen, rehabilitation specialist, Groningen University Medical Centre 
(chairman); Dr. R.S.G.M. Perez, coordinator of research into pain and pain control, Free 
University Medical Centre, Amsterdam (secretary); C.J.G.M. Rosenbrand, physician, 
Institute for Healthcare Improvement, CBO, Utrecht (senior-advisor); T. Beems, neu-
rosurgeon, St. Radboud University Medical Centre, Nijmegen; Dr. H.R. van den Brink, 
rheumatologist, Alkmaar Medical Centre; Dr. P.U. Dijkstra, physiotherapist/epidemiolo-
gist, Groningen University Medical Centre; F. van Eijs, anaesthesiologist, St. Elisabeth 
Hospital, Tilburg; Prof.dr. R.J.A. Goris, emeritus professor in surgery; Dr. W.A.J.J.M. 
Haagh, surgeon, University Medical Centre Maastricht; Dr. J.J. van Hilten, neurolo-
gist, Leiden University Medical Centre; Dr. F.J.P.M. Huygen, anaesthesiologist, Erasmus 
Medical Centre, Rotterdam; Dr. M.A. Kemler, plastic surgery research assistant, Groningen 
University Medical Centre; Prof.dr. M. van Kleef, anaesthesiologist, University Medical 
Centre Maastricht; Dr. L. van der Laan, surgeon, Amphia Hospital, Breda; Dr. H.M. 
Oerlemans, senior paramedical research policy officer, St. Radboud University Medical 
Centre, Nijmegen; Dr. J. Patijn, neurologist, University Medical Centre Maastricht; Dr. 
J.M. Ruijgrok, rehabilitation specialist, University Medical Centre Maastricht; F.G. Slebus, 
insurance physician, Coronel Institute, University Medical Centre, Amsterdam; S.D. 
Strackee, plastic surgeon, University Medical Centre, Amsterdam; Prof.dr. D. Tibboel, pae-
diatrician, Erasmus Medical Centre – Sophia Children’s Hospital, Rotterdam; P. Theuvenet, 
anaesthesiologist, Alkmaar Medical Centre; I.L. Thomassen-Hilgersom MSc, chairwoman 
of the Netherlands Association of Posttraumatic Dystrophy Patients, Nijmegen; Dr. P.J.M. 
Veldman, surgeon, De Tjongerschans Hospital, Heerenveen; L.A.W. van de Ven-Stevens 
MSc, occupational therapist, St. Radboud University Medical Centre, Nijmegen; Dr. 
A.C.L.P.J. Verhoeven, industrial physician, Coronel Institute, University Medical Centre, 
Amsterdam; Dr. G.J. Versteegen, psychologist, Groningen University Medical Centre; 
H. Wemekamp, general practitioner, Amsterdam; P.E. Zollinger, orthopedic surgeon, 
Rivierenland Hospital, Tiel; Prof.dr. W.W.A. Zuurmond, anaesthesiologist, Free University 
Medical Centre, Amsterdam. 

Expert consultant: Prof.dr. W. Kuis, paediatrician, University Medical Centre – 
Wilhelmina Children’s Hospital, Utrecht. 
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‘… even a genius must learn when to quit.’

Peter Agre (2003 Nobel Prize Chemistry) in a 
comment on Linus Pauling’s work on vitamin C.
Lancet 2008; 371: 295
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Introduction
Vitamin C or ascorbic acid is a water soluble vitamin.1,2 It is an organic acid that protects 
against scurvy. The word ascorbic comes from A (meaning no) and Scorbuticus (scurvy). 
Although scurvy was identified as a disease in the Middle Ages, the earliest description of a 
case of scurvy was probably given by Hippocrates of Kos.

In 1747, James Lind (1716-1794; Figure 1) showed in a prospective controlled experi-
ment (N=12) that citrus fruits could cure scurvy. In 1753 he published ‘A Treatise of the 
Scurvy’ and in 1757 ‘An Essay on the Most Effectual Means of Preserving the Health of 
Seamen in the Royal Navy’.3

It was a public secret that far more sailors on British warships died from scurvy than 
from battle. If the sailors did not get vitamin C in their food (from fruits like oranges and 
lemons), they developed the symptoms of scurvy: bleeding gums, loosened teeth, stiff or 
swollen joints, and bleeding under the skin. Infections often resulted, and if the infections 
did not kill the sailors, then they soon died from convulsions or coma if they were left un-
treated. Despite the outcome of Lind’s experiment on scurvy, it was not until more than 40 
years later that an official Admiralty order was issued on the supply of lemon juice to ships. 
From then on, the Royal Navy was almost completely cured of scurvy.

Albert Szent-Györgyi (1893-1986), a Hungarian physiologist, received his PhD from 
Cambridge in 1927 for his work on isolating, what he then called ‘hexuronic acid’ from 
adrenal gland tissue. Later in 1932, he found that ‘hexuronic acid’ was actually vitamin 
C (the L-enantiomer of ascorbic acid). He was awarded the Nobel Prize in Physiology or 

Figure 1. James Lind, 1716-1794. (Painted by Sir George Chalmers, 1720-1791).
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Medicine in 1937 for his discoveries in connection with the biological combustion process 
with special reference to vitamin C and the catalysis of fumaric acid. 

“The medical profession itself took a very narrow and very wrong view. Lack of 
ascorbic acid caused scurvy, so if there was no scurvy there was no lack of ascorbic 
acid. Nothing could be clearer than this. The only trouble was that scurvy was not 
a first symptom of lack but a final collapse, a premortal syndrome and there is a 
wide gap between scurvy and full health.”
(Quoted from Szent Györgyi’s Nobel Prize acceptance speech)

The Nobel Prize for Chemistry was awarded in the same year to Haworth and Karrer. 
Sir Walter Haworth (1883-1950) was a British chemist who received this prize for his in-
vestigations on carbohydrates and vitamin C. He determined the structure of ascorbic acid. 
Paul Karrer (1889-1971) was a Swiss organic chemist and shared this prize for his work on 
vitamins.

Linus Pauling (1901-1994), an American scientist who won the Nobel Prize for 
Chemistry (1954) and Peace (1962) worked in the field of quantum chemistry, molecular 
biology and orthomolecular medicine. He discovered the role of vitamin C in the func-
tion of the immune system. In 1970 he proposed a higher daily intake than the official 
Recommended Dietary Allowance (RDA) to reduce severity of a cold and to prevent 
infections.

For humans vitamin C is an essential nutrient with a daily advised dose of 60 milligram 
for adults.1,2 Reptiles and older orders of birds make ascorbic acid in their kidneys. Recent 
order of birds and most mammals make ascorbic acid in their livers where the enzyme L-
gulonolactone oxidase is required to convert glucose to ascorbic acid. Humans, monkeys 
and guinea pigs are not able to make this enzyme because of a series of inactivating muta-
tions in the gene encoding this enzyme and (hence) they are unable to synthesize ascorbic 
acid in their livers. These genetic mutations are estimated to have occurred some 60-40 
million years ago. For this reason, guinea pigs also need additional vitamin C (PhMZ).

The essential nutrient vitamin C has to be a part of our diet (Tables 1 and 2) in or-
der to prevent scurvy. Symptoms of scurvy include bleeding and bruising easily, hair and 
tooth loss, joint pain and swelling. These symptoms appear to be related to the weakening 
of blood vessels, connective tissue and bone, which contain collagen. Early symptoms of 
scurvy such as fatigue may result from diminished levels of carnitine or decreased synthesis 
of norepinephrine.2 Besides fatigue, early signs of vitamin C deficiency are ready bruising 
and bleeding gums, which occur long before frank scurvy develops. 

The recommended dietary allowance (RDA) for vitamin C in The Netherlands is 60 mg 
daily.
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Chemical aspects of ascorbic acid
L-Ascorbic acid (vitamin C) is a white crystalline solid that is readily soluble in water.4,5

The molecular formula of ascorbic acid is C6H8O6 (molar mass 176.13 g/mol) and its 
skeletal appearance is shown in Figure 2. The melting point is 190-192 0C.

Ascorbic acid is a six-carbon compound structurally related to glucose and other hex-
oses. It is reversibly oxidized in the body to dehydroascorbic acid, which possesses full vita-
min C activity.4,5 

The L-enantiomer of ascorbic acid is what we call vitamin C, also known as E300 
(CAS number 50-81-7; NSC number 33832).1 Natural and synthetic L-ascorbic acid are 
chemically identical and there are no known differences in their biological activities or 
bioavailability.2

Ascorbic acid behaves as a vinylogous carboxylic acid, where the double bond (vinyl) 
transmits electron pairs between the hydroxyl and the carbonyl moieties. There are two re-
sonance structures for the deprotonated form, differing in the position of the double bond.1

The concentration of a solution of ascorbic acid can be determined by titration with an 
oxidizing agent. Ascorbic acid is readily oxidized and is therefore used as a reductant (in 
photographic developer solutions) and as a preservative. Exposure to oxygen, metals, light 
and heat destroy ascorbic acid, so it must be stored in dark and cold and not in a metal 
container.

Vitamin C per 100 gram

1. rose-hip 500 mg

2. black current 200 mg

3. paprika (bell pepper) 150 mg

4. Brussels sprout 150 mg

5. curly kale 125 mg

Quantity Vitamin C in mg

orange juice ¾ cup 75

grapefruit juice ¾ cup 60

orange 1 medium 70

grapefruit 1 medium 88

strawberries 1 cup 82

tomato 1 medium 23

sweet red pepper ½ cup, raw chopped 141

broccoli ½ cup, cooked 58

potato 1 medium, baked 26

raspberry 100 g 25

Table 1. Top 5 sources of vitamin C per 100 gram.

Table 2. Other food sources of vitamin C.
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Ascorbic acid is an organic acid with antioxidant properties. It acts as an antioxidant by 
being itself available for energetically favorable oxidation. Many oxidants (typically, reactive 
oxygen species) such as the hydroxyl radical (formed from hydrogen peroxide) contain an 
unpaired electron and thus are highly reactive and damaging to humans and plants at the 
molecular level. This is due to their interaction with nucleic acid, proteins and lipids. The 
reactive oxygen species are reduced to water, while the oxidized forms of ascorbate are rela-
tively stable and unreactive. Vitamin C may also be able to regenerate other antioxidants 
such as vitamin E. Ascorbic acid and its sodium, potassium and calcium salts are common-
ly used as antioxidant food additives. These compounds are water soluble and thus cannot 
protect fats from oxidation. The fat-soluble esters of ascorbic acid with long-chain fatty  
acids (ascorbyl palmitate or ascorbyl stearate) can be used as food antioxidants. The 
European food additive E numbers are: E300 for ascorbic acid, E301 for sodium ascor-
bate, E302 for calcium ascorbate, E303 for potassium ascorbate and E304 for fatty esters of 
ascorbic acid (I ascorbyl palmitate and II ascorbyl stearate).

Pharmacology and pharmodynamic aspects of ascorbic acid
Pharmacolcogy
Absorption
After oral administration, vitamin C is readily absorbed (for dietary ascorbate the absorp-
tion is 80-90%) mostly from the stomach, where some of the ascorbic acid is converted to 
the dehydro form.4,5

The uncharged dehydroascorbic acid passes, at physiological pH, across cell membranes 
more quickly than the anionic L-ascorbate form. Entry of vitamin C in leukocytes and 
erythrocytes is due to passive diffusion. An active transport mechanism is at work in plate-
lets, adrenals and retina. 

With usual dietary intake of ascorbic acid (30-180 mg daily), about 70-90% of the 
amount of vitamin ingested is absorbed. At dosages exceeding 1 g daily, absorption de-
creases to about 50% or less. Gastrointestinal absorption of ascorbic acid may be reduced 

Figure 2. Chemical structure of ascorbic acid.
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in patients with diarrhea or gastrointestinal diseases. The oral bioavailability of the vitamin 
found naturally in foods or in supplements does not appear to differ substantially from that 
of pure synthetic ascorbic acid. 

When oral administration is not feasible or when malabsorption is suspected, the drug 
may be administered intramuscular (IM), intravenous, or subcutaneously. When given 
parenterally, utilization of the vitamin reportedly is best after IM administration, which is 
thus the preferred parenteral route.

Distribution, tissue levels
Ascorbic acid is widely distributed in body tissues. The highest concentrations are found in 
glandular tissues as the pituitary, thymus, adrenal cortex and the corpus luteum, with levels 
of more than 100 times the plasma concentration. Those with 10 to 50 times the con-
centration present in blood plasma include the brain, spleen, lung, testicle, lymph nodes, 
liver, thyroid, small intestinal mucosa, leukocytes, pancreas, kidney and salivary glands.The 
retina has 20-30 times the plasma concentration of vitamin C.

Ascorbic acid crosses the placenta; cord blood concentrations are generally 2-4 times the 
concentration in maternal blood. Ascorbic acid is distributed into milk. Milk of nursing 
mothers on a normal diet contains 40-70 µg of the vitamin per ml.

Normal plasma concentrations of ascorbic acid are about 10-20 µg/ml; plasma concen-
trations below 1-1.5 µg/ml are associated with scurvy. About 25% of the ascorbic acid in 
plasma is bound to proteins. The concentration in plasma varies with intake and is suscep-
tible to depletion. For this reason the concentration of vitamin C in leukocytes is taken 
to represent those in tissue. The white blood cells of healthy adults have concentrations of 
about 27 µg of ascorbic acid per 108 cells. Adequate ingestion is associated with concentra-
tions over 5 µg/ml, whereas concentrations of 1.5 µg/ml are seen in individuals with frank 
scurvy.

Total body stores of ascorbic acid have been estimated to be about 1.5 g with a roughly 
30-45 mg daily turnover. Clinical signs of scurvy usually become evident after 3-5 months 
of deficient ascorbic acid intake - the total body store of vitamin C is then reduced to about 
300 mg. Daily ingestion of 5-10 mg provides a total body store of 600 to 1000 mg of 
ascorbate. When 60 mg of vitamin C is used per day (the recommended dietary allowance 
[RDA] for adults) the concentration in plasma reaches about 8 µg/ml and the body store is 
around 1500 mg. The t ½ for vitamin C in humans is 16 days.4,5

Vitamin C depletion-repletion studies were conducted in seven healthy inpatient male 
volunteers by using seven doses from 30 to 2500 mg.6 A sigmoidal relationship was found 
between dose and steady-state plasma concentration in these volunteers. Bioavailability is 
complete for 200 mg as a single dose, corresponding to the upper portion of the sigmoid 
curve. Plateau plasma vitamin C is close to maximum at 200 mg daily, but at higher doses 
bioavailability did not decrease proportionally. An explanation for this might be found in 
vitamin C urinary excretion. In fractional excretion [defined as ascorbate excreted in urine 



44

Chapter 3      

(mg) divided by the dose administered (mg)] 500 mg and 1250 mg vitamin C doses are 
entirely excreted in urine. Complete plasma saturation occurs at 1000 mg at the expense 
of decreased bioavailability and increased urinary excretion. A dosage of 100 mg vitamin C 
daily results in saturation of vitamin C concentration in neutrophils, monocytes and lymfo-
cytes. The conclusion of Levine et al. is that a steady state in human plasma occurs at doses 
greater than 200 mg ascorbic acid (vitamin C) per day. 6

Elimination
Ascorbic acid is reversibly oxidized to dehydroascorbic acid. Some ascorbic acid is metabo-
lized to inactive compounds including ascorbic acid-2-sulfate and oxalic acid, which are 
excreted in the urine.

Smokers are under increased oxidative stress from the toxins in cigarette smoke and have 
an increased metabolic turnover of vitamin C. They have generally lower blood levels of vi-
tamin C (their RDA is therefore 35 mg/day higher than for non-smokers).2 There is a renal 
threshold for ascorbic acid of approximately 14 µg/l; however, the threshold varies among 
individuals. When the body is saturated with ascorbic acid and blood concentrations ex-
ceed the threshold, unchanged ascorbic acid is excreted in the urine; this provides the basis 
for an ascorbic acid saturation test for vitamin C nutritional status. When tissue saturation 
and blood concentrations of ascorbic acid are low, administration of the vitamin results in 
little or no urinary excretion of ascorbic acid. Ascorbic acid is removed by hemodialysis.

Pharmacodynamics
Ascorbic acid functions in a number of biochemical reactions, mostly involving oxidation.4 
It is required for or facilitates the conversion of  proline residues in collagen to hydroxy-
proline in the course of collagen synthesis, the oxidation of lysine side chains in proteins to 
provide hydroxytrimethyllysine for carnitine synthesis, the synthesis of steroids by the ad-
renal cortex, the conversion of folic acid to folinic acid, microsomal drug metabolism and 
tyrosine metabolism.4

At tissue level a major function of ascorbic acid is related to the synthesis of intercellular 
substances, including collagen, the matrix of tooth and bone, and the intercellular cement 
of the capillary endothelium.

Trauma or injury uses up large quantities of vitamin C in humans. Long et al. demon-
strated low plasma levels of ascorbic acid following trauma and infection.7

The term vitamin C refers to both ascorbic acid and dehydroascorbic acid (DHA), since 
both compounds exhibit antiscorbutic activity. Ascorbic acid, the functional and principal 
in vivo form of the vitamin, is the enolic form of an a-ketolactone. The 2 enolic hydro-
gens present in ascorbic acid give the compound its acid character and provide electrons for 
its activity as a reductant and antioxidant. Its one-electron oxidation product, the ascorbyl 
radical, readily dismutates to ascorbate and DHA, the 2-electron oxidation products. Both 
the ascorbyl radical and DHA are readily reduced back to ascorbic acid in vivo; however, 
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DHA also can be hydrolyzed irreversibly to 2,3-diketogulonic acid. Ascorbic acid contains 
an asymmetric carbon that allows two enantiomeric forms; the L form occurs naturally and 
the D form (isoascorbic or erythorbic acid) provides antioxidant but little if any antiscorbu-
tic activity.

In consequence, scurvy is associated with a defect in collagen synthesis that is apparent 
by the failure of wounds to heal, in defects in tooth formation, and in rupture of capillar-
ies, which leads to numerous petechiae and their coalescence to form ecchymoses. While 
this last has been attributed to leakage of inadequate adhesion of the endothelial cells, it is 
also thought that the pericapillary fibrous tissue is defective in scurvy, leading to inadequate 
support of the capillary and its rupture under pressure.

Recommended dose
Since man (like other primates as well as the guinea pig) is unable to synthesize ascorbic 
acid, a daily intake of vitamin C from food is required for the prevention of scurvy, as vita-
min C is an essential nutrient.

In 2000, the US National Academy of Sciences increased the recommended daily allow-
ances for vitamin C from 60 to 90 mg/day for adult males and from 60 to 75 mg/day for 
adult females; the upper intake limits for adults of both sexes are set at 2000 mg/day.

Adequate intake of vitamin C is considered by some experts to be 200 mg per day as 
there is evidence that the cells of the human body do not take up any more vitamin C 
when larger daily amounts are consumed.8 However, some individuals and groups continue 
to advocate the use of (much) higher doses for prevention and therapy of a range of condi-
tions. It can be expected that this will remain an area of controversy and ongoing research 
for a considerable period of time.

The most relevant plant sources of vitamin C are certain vegetables and fruits. From 
animal sources, the liver is the organ with a relatively high content of vitamin C (approxi-
mately 30 mg/g); little vitamin C can be found in muscle tissue and dairy products. 

Normal cooking (at 100 °C) will not lead to relevant decomposition of vitamin C in 
food, but longer cooking times and/or the presence of copper may induce a (more rapid) 
decrease in vitamin C content.

Adverse or side effects
Ascorbic acid is usually nontoxic. Some have reported nausea, vomiting, heartburn, ab-
dominal cramps, diarrhea, fatigue, flushing, headache, insomnia, and sleepiness. The gas-
tro-intestinal disturbances have been attributed to the osmotic effect of unabsorbed vitamin 
C passing through the intestine in case of high dosages. Levine et al, however, registered no 
diarrhea or abdominal cramps after high doses of vitamin C.6
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Oxalate and urate excretion could increase in relation to vitamin C dose, as a conse-
quence of either vitamin C metabolism or re-absorption. Excretion of both is significantly 
higher at the plateau of the 1000 mg daily dose compared to lower doses. For this reason, 
people who form calcium oxalate kidney stones should avoid vitamin C supplements. 

Clinical aspects of vitamin C
Research on the subject of vitamin C has been of particular interest in different fields of 
physiology and medicine. Some of those studies are mentioned below.

A recently performed meta-analysis by Bjelakovic et al. concluded that further (ran-
domized) studies are required to confirm the possible beneficial outcome effects of vitamin 
C on mortality (while it was concluded that the use of lipid-soluble vitamins such as vita-
min A and vitamin E increases mortality).9

More recently it became clear that erythrocyte-specific coexpression of the Glut1 glu-
cose transporter with stomatin constitutes a compensatory mechanism in mammals that are 
unable to synthesize vitamin C.10 This means that humans regenerate ascorbic acid in red 
blood cells by enhanced Glut1-mediated transport  of L-dehydroascorbic acid (DHA).

Burns 
In a long series of investigations Matsuda and Tanaka and colleagues studied the effect of 
vitamin C after burn wounds in guinea pigs, dogs, rats and humans.11-16 

The mechanisms of increased postburn capillary permeability were studied first. This 
results from damage to the microvascular endothelial cells caused by oxygen free radicals, 
produced by the interaction of xanthine oxidase with hypoxanthine and xanthine.

Aerobic organisms are protected from oxygen toxicity by two types of antioxidants. 
These are, first the preventive oxidants such as catalase and peroxidase, which decompose 
substrates without the generation of free radicals. The second type of antioxidants is the so-
called chain-breaking antioxidants as vitamin C, which scavenges radicals to terminate free 
radical reactions and thus prevent the propagation of chain reactions.

Vitamin C can scavenge superoxide, hydroxyl radicals and singlet oxygen. A continous 
intravenous infusion of vitamin C beginning half an hour post-burn, reduces the resusci-
tation fluid requirements by 75%.11 Increased post-burn capillary permeability was mini-
mized by the administration of high doses vitamin C to guinea pigs.12 In dogs it was found 
that administration of high-dose vitamin C reduces early post-burn leakage of fluid and 
protein.13

Another study, again with dogs, showed that high-dose vitamin C administration di-
minishes early post-burn lipid peroxidation and reduces microvascular leakage of fluid and 
protein.14 Lipid peroxidation damages the microvascular endothelial cells, thereby leading 
to increased capillary permeability.
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According to the above sources, the therapeutic effect of vitamin C may be due to a 
threefold antioxidant activity. Vitamin C indirectly terminates lipid peroxidation in the cell 
membrane. Lipid peroxide in the cell membrane can only be scavenged by vitamin E (the 
primary lipid-soluble, small-molecule antioxidant), producing the vitamin E-free-radical 
complex. In the extra-cellular fluid vitamin C (the terminal water-soluble, small-molecule 
antioxidant) reaches this vitamin E-free-radical complex and regenerates vitamin E by 
removing the free radical moiety form this complex. Secondly vitamin C, being a natural 
antioxidant, can scavenge hydroxyl radicals and thirdly, it scavenges even superoxide radi-
cals, which produce hydroxyl radicals.14

By scavenging all these radicals, vitamin C halts free-radical reactions and prevents the 
propagation of chain reactions. In this way vitamin C protects the capillary endothelium 
and circulating cells, such as erythrocytes and leukocytes.

In thermally injured rats, high doses of vitamin C were found to have potential benefi-
cial effects on the acute post-burn oedema generation by counteracting the negative inter-
stitial fluid hydrostatic pressure .15

In a randomized prospective study in severely burned patients, Tanaka et al. demon-
strated that adjuvant administration of high-dose ascorbic acid during the first 24 hours 
after thermal injury significantly reduces resuscitation fluid volume requirements, body 
weight gain and wound oedema. 16 A reduction in the severity of respiratory dysfunction 
was also apparent in these patients.16

Cardiovascular disease
The results of the pooled analysis of prospective cohort studies suggest that maximum re-
duction of coronary heart disease risk may require vitamin C intakes high enough to satu-
rate plasma and circulating cells, and thus the vitamin C body pool.

Acting as an antioxidant, vitamin C protects LDL cholesterol from oxidative damage. 
Only when LDL is damaged does cholesterol appear to lead to heart disease. Vitamin C 
may be one of the most important antioxidant protectors of LDL.17

Vitamin C may also protect against heart disease by reducing the stiffness of arteries and 
the tendency of platelets to clump together.18

Vitamin C improves nitric oxide activity.19 Nitric oxide is needed for the dilatation of 
blood vessels, which is potentially important in lowering blood pressure and preventing 
spasms of arteries in the heart (that might otherwise lead to heart attacks). Vitamin C has 
reversed dysfunction of cells lining blood vessels.20 The normalization of the functioning of 
these cells may be linked to prevention of heart disease.

Combined treatment with vitamins C and E has beneficial effects on endothelium-de-
pendent vasodilation and arterial stiffness in untreated, essential hypertensive patients.21

Randomized trials have largely failed to support an effect of antioxidant vitamins on 
the risk of cardiovascular disease (CVD). No overall effects were detected for ascorbic acid, 
vitamin E, or betacarotene on cardiovascular events among women at high risk for CVD.22
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Cataracts
Vitamin C levels in the eye decrease with age.23 Supplementing with vitamin C prevents 
this decrease,24 possible leading to a lower risk of cataract development.25 Decreased vitamin 
C levels in the lens of the eye have been associated with increased severity of cataracts in 
humans. A later study from Taylor et al. showed that there is a role for vitamin C in dimini-
shing the risk of cortical cataracts in women under 60 years of age.26

Cognitive performance
Vitamin E and C supplements may protect against vascular dementia and may improve 
cognitive function in late life.27

Other studies suggested that a combination of vitamin E and C might provide more 
antioxidant effect than either alone. It has been suggested that a higher level of dietary vita-
min C increases vitamin E levels.28

Complex Regional Pain Syndrome (CRPS)
From two randomized clinical trials (RCT) it is concluded that vitamin C reduces the 
chance of the occurrence of complex regional pain syndrome after wrist fractures, if vitamin 
C is started on the day of the fracture in a dose of 500 mg per day during 50 days.29,30

The results of these two RCT’s comparing vitamin C and placebo in the prevention of 
CRPS (Zollinger at al, 1999 and 2007) were pooled for the analysis of the occurrence of 
CRPS (Table 3 - upper part).29,30 Review Manager 4.2 (The Cochrane Collaboration, 2003) 
was used for analysis and creation of the forest plots. CRPS was less frequent in the vitamin 
C group (Relative risk 0.28, 95% Confidence interval 0.14 to 0.56; p=0.0003). A fixed ef-
fects model was used. The test for heterogeneity was not significant (p=0.61). But even if a 
random-effects model was used, the conclusions remained the same.

The second pooled outcome was the relative risk for CRPS in patients with or without 
cast-related complaints (Table 3 - middle part). In patients with these complaints the risk 
of CRPS was higher than in patients without these complaints (Relative risk 3.20, 95% 
Confidence interval 2.31 to 4.43; p<0.00001).

The third pooled outcome was the relative risk of CRPS in female patients compared to 
males (Table 3 - lower part). In female patients the risk of CRPS was higher than in male 
patients (Relative risk 1.20, 95% Confidence interval 1.12 to 1.30; p<0.00001).

The advantage of the pooled relative risk is the narrower confidence interval as com-
pared to the relative risks of the separate studies, which points to a greater precision. The 
pooled relative risk is a better approximation of the population relative risk. 
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Muscles 
Orthopaedic surgeon Kearns and colleagues have conducted several interesting studies on 
vitamin C.31-33

Temporary interruption of vascular patency followed by the reintroduction of blood 
flow can cause a specific pattern of tissue damage termed ischaemia reperfusion injury 
(IRI). This is clinically responsible for tissue necrosis after arterial thrombosis or revascu-
larisation, which occurs in myocardial infarction and embolic limb injury. IRI can oc-
cur in skeletal muscle after tourniquet use or secondary to tissue oedema in compartment 
syndrome.

Review: Vitamin C in traumatology and orthopaedic surgery
Comparison: 01 Vitamin C versus placebo                                                                                
Outcome: 01 CRPS after wrist fractures                                                                              

dnar(RRthgieW)modnar(RRobecalPCnimatiVydutS om)
or sub-category n/N n/N 95% CI % 95% CI

 Zollinger 1999            4/54              14/65        42.42      0.34 [0.12, 0.98]       

 Zollinger 2007            8/328             10/99        57.58      0.24 [0.10, 0.60]       

Total (95% CI) 382                164 100.00      0.28 [0.14, 0.56]

Total events: 12 (Vitamin C), 24 (Placebo)
Test for heterogeneity: Chi² = 0.26, df = 1 (P = 0.61), I² = 0%
Test for overall effect: Z = 3.64 (P = 0.0003)

0.1 0.2 0.5 1 2 5 10

Vitamin C Placebo
Review: Vitamin C in traumatology and orthopaedic surgery
Comparison: 02 CRPS versus no CRPS                                                                                     
Outcome: 01 Cast-related complaints and CRPS after wrist fractures                                                   

SPRCydutS No CRPS RR (random) Weight RR (random)
or sub-category n/N n/N 95% CI % 95% CI

 Zollinger 1999           12/18              18/101       37.75      3.74 [2.20, 6.36]       

 Zollinger 2007           11/18              86/409       62.25      2.91 [1.92, 4.40]       

Total (95% CI) 36                 510 100.00      3.20 [2.31, 4.43]

Total events: 23 (CRPS), 104 (No CRPS)
Test for heterogeneity: Chi² = 0.56, df = 1 (P = 0.46), I² = 0%
Test for overall effect: Z = 6.98 (P < 0.00001)

0.1 0.2 0.5 1 2 5 10

CRPS No CRPS

Review: Vitamin C in traumatology and orthopaedic surgery
Comparison: 02 CRPS versus no CRPS                                                                                     
Outcome: 02 Female gender and CRPS after wrist fractures                                                             

SPRCydutS No CRPS RR (random) Weight RR (random)
or sub-category n/N n/N 95% CI % 95% CI

 Zollinger 1999           17/18              77/101       23.69      1.24 [1.06, 1.45]       

 Zollinger 2007           18/18             334/409       76.31      1.19 [1.09, 1.30]       

Total (95% CI) 36                 510 100.00      1.20 [1.12, 1.30]

Total events: 35 (CRPS), 411 (No CRPS)
Test for heterogeneity: Chi² = 0.21, df = 1 (P = 0.65), I² = 0%
Test for overall effect: Z = 4.79 (P < 0.00001)

0.1 0.2 0.5 1 2 5 10

CRPS No CRPS

Table 3. Data analysis of the pooled randomized clinical trials comparing vitamin C with placebo in the 
prevention of CRPS in wrist fractures.
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Tissue ischemia and reperfusion cause injury to local and systemic tissues via a predomi-
nantly neutrophil-mediated inflammatory cascade. Endothelial dysfunction occurs as a 
result of tissue hypoxia and on subsequent reperfusion, cytokines and adhesion molecules 
are enhanced to chemotaxis and infiltration by neutrophils. Necrosis of damaged tissue by 
neutrophil myeloperoxidase (MPO) and other enzymes generates active oxygen species, 
which can extend the ischaemic injury even more. Vitamin C is, as we now know, a water-
soluble endogenous antioxidant that acts by scavenging aequeous-phase reactive oxygen 
species by very rapid electron transfer. Supplementation with vitamin C has been shown to 
protect against oxidant-mediated endothelial injury in vivo.31

Kearns et al. state that pharmacological medication of the inflammatory cascade activa-
ted by reperfusion may now be possible.32 Their study has shown that ischaemia and reper-
fusion of the cremasteric muscle in rats results in significant microvascular injury, charac-
terized by the infiltration of neutrophils (increased MPO activity) and tissue oedema. Oral 
pretreatment with vitamin C significantly reduced the functional, immunological (MPO) 
and microvascular (oedema) effects of IRI in this model.

Compartment syndrome is a form of ischaemia of skeletal muscle that occurs despite 
patency of the large vessels. In a model of compartment syndrome, Kearns et al. provided 
evidence that pretreatment with vitamin C preserved muscle function and reduced the in-
filtration of neutrophils and oedema. Vitamin C is a powerful endogenous antioxidant that 
is taken up preferentially by circulating neutrophils and lymfocytes. It has been shown to 
reduce many components of neutrophil-mediated tissue injury after ischaemia-reperfusion 
injury. The production of oxidants in neutrophils is reduced by the administration of vita-
min C and vitamin C protects the endothelium from direct injury by oxidants, including 
H2O2 and prevent microvascular dysfunction.33

Obstetrics
Women with pre-eclampsia have been found to have lower blood levels of vitamin C than 
women without this condition.34

There was no benefit of antioxidant supplementation in reducing the rate of preeclamp-
sia among patients with chronic hypertension and/or prior preeclampsia.35

Daily intake of 100 mg of ascorbic acid played an important role in urinary infection 
prophylaxis during pregnancy. Ochoa-Brust et al. recommend additional vitamin C intake 
for pregnant women in populations that have a high incidence of bacteriuria and urinary 
infections.36

Stroke
In elderly people vitamin C concentration, by intake or plasma concentration of ascorbic 
acid, is strongly related to subsequent risk of death from stroke (and not from coronary 
heart disease). 37 Mortality from stroke was highest in those with the lowest vitamin C 
status.
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With respect to vitamin C and cerebrovascualar disease, a prospective study found that 
the risk of stroke in those with the highest serum levels of vitamin C was 29% lower than 
in those with the lowest serum levels of vitamin C.38 A higher serum vitamin C concentra-
tion is strongly associated with a reduced risk of stroke.
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Summary

Background
The pathogenesis of reflex sympathetic dystrophy (RSD) is not clear, nor is there a definitive 
treatment for this syndrome. The morbidity, costs in health care, and loss of work time justify the 
search for a means to prevent post-traumatic dystrophy. Although the role of toxic oxygen radicals 
has not yet been clarified, we investigated vitamin C (ascorbic acid) as a prophylactic antioxidant 
drug.

Methods
123 adults with 127 conservatively treated wrist fractures were randomly allocated in a double-
blind trial to take a capsule of 500 mg vitamin C or placebo daily for 50 days. Each participant’s 
sex, age, side of fracture, dominance, fracture type, dislocation, reduction and complaints with 
the plaster cast were recorded, and they were clinically scored for RSD. The follow-up lasted 1 
year.

Findings
Eight patients were withdrawn after randomisation. 52 patients with 54 fractures (male 22%, fe-
male 78%; mean age 57 years) received vitamin C and 63 patients with 65 fractures (male 20%, 
female 80%; mean age 60 years) received placebo. RSD occurred in four (7%) wrists in the vita-
min C group and 14 (22%) in the placebo group. Risk difference is 15% (95% CI for differences 
2-26). Other significant prognostic variables for the occurrence of RSD were complaints while 
wearing the cast (relative risk 0.17 [0.07-0.41]) and fracture type (0.37 [0.16-0.89]).

Interpretation
This prospective, double-blind study shows that vitamin C was associated with a lower risk of 
RSD after wrist fractures. Our hypothesis is that this beneficial effect of prophylaxis would be use-
ful in other forms of trauma.

Reprinted from The Lancet, 354, Paul E. Zollinger, Wim E. Tuinebreijer, Robert W. Kreis, Roelf S. 
Breederveld: Effect of vitamin C on frequency of reflex sympathetic dystrophy in wrist fractures: a 
randomised trial, 2025-28, Copyright 1999, with permission from Elsevier.
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Introduction
The pathogenesis and treatment of reflex sympathetic dystrophy (RSD) are still a matter of 
debate. The large number of names given to this syndrome, such as causalgia of Mitchell1, 
Sudeck’s atrophy2, algodystrophy, post-traumatic RSD and complex regional pain syn-
drome type 1, confirms that this subject is a puzzle to many investigators.

RSD is characterised by a pseudo-inflammatory hot phase and a cold phase. In the first 
phase, the primary changes to the tissue are caused by sympathetic microcirculatory distur-
bances,3 whereas in the cold phase the tissue undergoes secondary trophic changes. The role 
of toxic oxygen radicals has been investigated in several studies.4-6

The morbidity of this syndrome, the costs in health care, and loss of working time jus-
tify the search for a preventive treatment. Research in burn injuries led us to try an antioxi-
dant drug to prevent post-traumatic dystrophy. Matsuda and colleagues extensively inves-
tigated the effects of high-dose vitamin C therapy on dermal burns.7-10 They found that 
vitamin C stops the progression of vascular permeability after burns7 and therefore reduces 
microvascular leakage of fluid and protein.8 Vitamin C also reduces lipid peroxidation after 
burns.9 Lipid peroxidation damages the microvascular endothelial cells, thereby increas-
ing capillary permeability. The lipid peroxide in the cell membrane can only be scavenged 
by vitamin E, the primary lipid-soluble small-molecule antioxidant,11 producing a vitamin 
E free-radical complex.12,13 In the extracellular fluid vitamin C, the terminal water-soluble 
small-molecule antioxidant,11 acts on this complex and removes the free radical moiety, 
regenerating vitamin E.14,15 Vitamin C is a natural antioxidant that can scavenge hydroxyl 
radicals16 and superoxide radicals that produce hydroxyl radicals.10,17 By scavenging these 
radicals, vitamin C stops free-radical reactions and prevents the propagation of chain reac-
tions.11-13 Thus, vitamin C protects the capillary endothelium and circulating cells such as 
erythrocytes and leukocytes.10 

There are very few substances that have such an impact on wounds after burns and the 
signs of inflammation at that stage as vitamin C. The link between these experiments in 
burn wounds, an animal model of inducing RSD5, and patient studies6,18, is an inflamma-
tory component, and involvement of microangiopathy is suggested. Extrapolation of these 
results gave us the idea for the application of vitamin C as prophylaxis for RSD.

The recommended daily allowance of vitamin C is 60 mg according to the National 
Research Council of the USA. Healthy individuals need less vitamin C per day than those 
with chronic diseases.19 As a prophylactic antioxidant we chose to administer ten times the 
daily dose recommended in the Netherlands and gave 500 mg ascorbic acid in a capsule. 
This amount is still far below the overdose level. Our hypothesis was that the frequency of 
post-traumatic RSD after wrist fractures would be lower in the group receiving vitamin C 
than in an matched placebo group.
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Patients and methods
Study design
We studied adults (age 18 years or older) who were admitted to the emergency department 
of our hospital (Red Cross Hospital, Beverwijk, The Netherlands) with a fracture of the 
wrist (or both wrists). Only patients with fractures that were to be treated conservatively 
(immobilisation by a plaster cast, after reduction under local anaesthesia, if necessary) were 
enrolled in the study. Fractures with unacceptable reduction or secondary dislocation were 
operated on and excluded from this study. Patients were asked to participate in this study 
and were given an information leaflet. The protocol was started after signature of the in-
formed consent form.

On the day of the fracture, patients were asked to take one capsule daily for a period of 
50 days. The patients were randomly allocated a box containing 50 capsules of either 500 
mg vitamin C or placebo. A block randomisation (in blocks of ten at a time by a random 
number table) was done by the hospital pharmacist with the boxes containing the capsules. 
The capsules had to be swallowed whole and the vitamin C and placebo capsules had the 
same appearance and taste. The trial was double-blind. The pharmacist alone was in pos-
session of the allocation code during the trial. The code was broken after the last follow-up 
control of 1 year. Our endpoint was defined as the presence or absence of RSD after one 
year. All the participants and physicians involved were unaware of the treatment allocation 
until the end of the trial.

The 50-day period of medication intake is 2 weeks longer than the usual time spent in 
plaster for a wrist fracture in our clinic, which is 5 weeks for a Colles’ fracture (AO/ASIF 
classification 23-A2.2) or Smith’s fracture (AO 23-A2.3).20 Fractures that do not require 
reduction (AO 23-A2.1) are normally treated by 4 weeks of plaster immobilisation. The 
hospital ethics committee approved the study.

At intake, sex, age, side of fracture (right, left or both), dominance, fracture type, dislo-
cation, reduction, registration of the box, drug intake, history of wrist fractures and earlier 
episodes of RSD were recorded.

Patients were assessed after 1 week, 4 or 5 weeks (when the plaster cast was removed), 6 
or 7 weeks, 12 weeks, and 26 weeks. After one year we interviewed patients by telephone. 
Participation in the study did not affect the normal fracture treatment for the patient in 
any way. Particular attention was paid to early complaints when wearing the cast, such as 
pain, numbness, and swollen fingers. RSD was diagnosed21 when four of the following six 
symptoms were present throughout an area larger than the wrist, including the area distal 
to the wrist: unexplained diffuse pain, which was not in normal relation to the fracture; 
difference in skin temperature relative to the other arm; difference in skin colour relative to 
the other arm; diffuse oedema; limited active range of motion, not in relation to the stage 
of fracture treatment; and occurrence or increase of these signs and symptoms after activ-
ity. If the diagnosis of RSD was established, the protocol was terminated, and patients were 
treated symptomatically.22
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Statistical analysis
The chi-square test, Kruskal-Wallis ANOVA, Mann-Whitney U test and Student’s t test 
were used as applicable. Statistical analysis was done with the SPSS (version 7.5) software 
running on a personal computer. Measures of association with their CIs were calculated 
with Epitable. The likelihood step forward test was done to find the best fit model by se-
lecting the variables one by one. Probability for entry was set at 0.05 and probability for 
removal 0.10. 

Results
Between July, 1995, and August, 1997, 123 patients with 127 fractures of the wrist were 
enrolled. One patient had to be excluded because she had not taken any capsules. Seven 
others were excluded because they were operated on for unacceptable reduction or redislo-
cation. The reason for the primary exclusion of 23 patients (of the original 146) was indica-
tion for reduction with fixation (external or internal), refusal of trial participation of the pa-
tients, and living elsewhere and therefore not being available for follow-up (figure 1). Thus, 
115 patients with 119 wrist fractures remained for assessment. Fifty-two of them (with 54 
fractures) received vitamin C, and 63 (with 65 fractures) placebo (figure 1).

There were no significant differences between the groups in terms of sex: 12 (22%) of 
the fractures in the vitamin C group and 13 (20%) in the placebo group were in male pa-
tients. In the vitamin C group, age was in the range 27–88 (mean 57) years. In the placebo 
group the age range was 24–85 (mean 60) years. Of all patients just five took vitamin sup-
plements. Two of these (one in the vitamin C group and one in the placebo group) used a 
multivitamin preparation containing 50 mg of vitamin C. Since this represented just one 
tenth of the trial dose and is the equivalent of a normal dietary intake, it was no reason for 
exclusion. Three other patients used a monovitamin preparation, namely vitamin A, B1 or 
B12, which also did not exclude them from the trial. 

There was no significant difference between the groups with respect to side of the frac-
ture, dominance, fracture type or reduction (table 1). 

RSD occurred in four (7%) fractures in the vitamin C group and 14 (22%) in the pla-
cebo (95% CI for differences 2-26) (table 2).

The four patients in the vitamin C group who developed RSD were all female. In the 
placebo group were 14 patients with RSD, of whom 13 were females and one male.

The risk difference for women and men for RSD is 20% (5.4-34.1) and 8% (-7.0 to 
22.2) respectively.

One patient in the placebo group had fractures on both sides, for which she had to un-
dergo reduction. On her dominant right-hand side she had a fracture type AO 23-B2.3 and 
on the left an AO 23-A2.2 fracture. Both reductions were satisfactory. This patient devel-
oped RSD on the right side.
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146 patients
considered in total

23 excluded

123 randomised

(127 fractures)

66 assigned placebo

(68 fractures)

57 assigned vitamin C

(59 fractures)

3 excluded 
from analyses

5 excluded 
from analyses

63 analysed to primary endpoint
(65 fractures)

52 analysed to primary endpoint
(54 fractures)

Figure 1. Trial profile.
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Another patient in the placebo group had a simple AO 23-A2.1 fracture on her domi-
nant left-hand side. She still had RSD due to a AO 23-C2.1 fracture on the right side, 
sustained 16 months previously. Eight weeks after the second wrist fracture on the left, she 
developed RSD there too.

RSD occurred significantly more often in older patients (p=0.008). The mean age was 
64.5 years (SD 8.1) for patients with RSD and s 57.7 years (SD 14.8) for those without 
RSD.

There was no association (table 2) between the occurrence of RSD and the side of the 
fracture or dominance.

There was a significant increase (0.37, 0.16 - 0.89) of RSD in type B and C fractures 
(AO classification). 

No relation was found between the occurrence of RSD and the need to undergo reduc-
tion. Early complaints while wearing the plaster cast are highly predictive of the occurrence 
of RSD (0.17, 0.07 - 0.41).

In the logistic-regression analysis of the predictive factors, fracture type, complaints in 
plaster, and vitamin C therapy had significant odds ratios. In this model age was not found 
to be a predictive factor, despite the higher mean age in the RSD group.  

Vitamin C Placebo

Fractures 54 65

Side of fracture

Right 27 (50%) 28 (43%)

Left 27 (50%) 37 (57%)

Dominance

Yes 26 (48%) 32 (49%)

No 28 (52%) 33 (51%)

Fracture type

23-A 31 (57%) 44 (68%)

23-5 14 (26%) 14 (21%)

23-C  9 (17%)  7 (11%)

Reduction 30 (56%) 40 (62%)

Table 1. Baseline characteristics of fractures.
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Characteristic RSD (n=18) No RSD (n=101) Relative risk (95% CI)

Sex 0.22 (0.03-1.58)

Male   1 (6%) 24 (24%)

Female 17 (94%) 77 (76%)

Side of the fracture 0.74 (0.31-1.78)

Right   7 (39%) 48 (47.5%)

Left 11 (61%) 53 (52.5%)

Dominance 1.31 (0.56-3.10)

Yes 10 (56%) 48 (47.5%)

No   8 (44%) 53 (52.5%)

Fracture type 0.37 (0.16-0.89)

23-A  7 (39%) 68 (67%)

23-B+C 11(61%) 33 (33%)

Reduction 11 (61%) 59 (58%) 1.10 (0.46-2.64)

Complaints in plaster 12 (67%) 18 (18%) 0.17 (0.07-0.41)

Therapy 2.91 (1.02-8.32)

Vitamin C   4 (22%) 50 (50%)

Placebo 14 (78%) 51 (50%)

Table 2. Relative risk of RSD according to characteristics of fractures.

Odds ratio (95% CI) p

Fracture type 0.09 (0.02-0.46) 0.0037

Complaints in plaster 0.1 (0.03-0.34) 0.0002

Therapy 4.22 (1.05-16.99) 0.0429

Table 3. Logistic-regression analysis.



65

Effect of vitamin C on frequency of RSD in wrist fractures

Discussion
This study shows that the administration of vitamin C in patients with a wrist fracture was 
associated with a lower frequency of RSD. Although 17 of the 18 patients with RSD were 
women, sex was not a significant factor in the occurrence of RSD in this study. The mean 
age of the female participants was such that most women, and all women developing RSD, 
were postmenopausal. In our protocol we did not assess the oestrogen status of the female 
participants, but none was receiving oestrogen-replacement therapy. There is a possibility 
that oestrogen status is a confounding factor in relation to an inflammatory response con-
tributing to the pathogenesis of RSD, but we found no evidence in this direction.

The frequency of RSD in our placebo group is high (22%), but not uncommon. Atkins 
and colleagues did two studies and showed frequencies of RSD after Colles’ fracture of 
25% 23 and even 37% 24. Our study provides no explanation of the pharmacodynamic 
mechanism, nor the scavenger theory, but Zuurmond and colleagues25 reported a healing 
effect in a limb with RSD by the application of local treatment with the free-radical scaven-
ger dimethylsulphoxide.

In an experimental model Van der Laan and colleagues5 induced free-radical-related 
soft-tissue damage by infusion with tert-butylhydroperoxide, resulting in increasing vascu-
lar permeability in skeletel muscle and necrosis of one hind limb of rats. Scintigraphy of 
RSD patients, with indium-111-labeled human non-specific polyclonal IgG, showed that 
increased vascular permeability for macromolecules, an important characterisic for inflam-
mation, has a role in the development of RSD.6

Histological abnormalities in muscle specimens were seen in legs amputated as a result 
of RSD, by means of light and electronic microscopic analysis of skeletal muscle tissue 
and peripheral nerves.18 However, there was no consistent abnormality of these peripheral 
nerves. The muscle fibers contained an increased amount of lipofuscin, which is unspecific 
but results from oxidation of unsaturated membrane lipids by free radicals and increases 
with age. Other morphological changes were a decreased number of type-I fibers, atrophic 
fibers, and capillary changes varying from thickened basal membrane to necrosis. All these 
changes seem to be related to ischaemic conditions and suggest involvement of microan-
giopathy. Van der Laan and colleagues18 hypothesise that oxygen-derived free radicals are 
involved in the pathofysiology of RSD.

The histopatholigical findings and abnormalities in the tissues5,18,26 cannot be ex-
plained by disuse and psychological factors or constitution.27 Therefore we support the 
theory that oxygen-derived free radicals are involved in the pathophysiology of RSD or 
complex regional pain syndrome type I. The relation we noted between the occurrence of 
RSD and complaints while wearing the plaster cast has been described earlier by Field and 
colleagues.28

We found another predictive factor for the occurrence of RSD in a wrist fracture, 
namely fracture type (which is indirectly related to age). The incidence of RSD increased 
with comminution (and therefore severity) of the fracture, although Atkins and colleagues24 
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found no such relation. We could find no relation between the occurrence of RSD and side 
of the fracture, dominant side, or reduction. None of the five patients who were taking vi-
tamin supplements developed RSD.

In conclusion, vitamin C appears to be effective in prevention of reflex sympathetic 
dystrophy after wrist fractures. We suggest that this simple and cheap means of prevention 
could also be useful in the prophylaxis of RSD after other injuries, such as trauma of the 
foot or ankle, talar and calcaneal fractures, or crural fractures. Further investigations are 
needed into the mechanism, dosage, and use of vitamin C in relation to the prevention and 
therapy of RSD in other lesions.
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Abstract

Background
Complex regional pain syndrome type I is treated symptomatically. A protective effect of vitamin C 
(ascorbic acid) has been reported previously. A dose-response study was designed to evaluate its 
effect in patients with wrist fractures.

Methods
In a double-blind, prospective, multicenter trial, 416 patients with 427 wrist fractures were ran-
domly allocated to treatment with placebo or treatment with 200, 500, or 1500 mg of vitamin C 
daily for fifty days. The effect of gender, age, fracture type, and cast-related complaints on the 
occurrence of complex regional pain syndrome was analyzed. 

Results
Three hundred and seventeen patients with 328 fractures were randomized to receive vitamin C, 
and ninety-nine patients with 99 fractures were randomized to receive a placebo. The prevalence 
of complex regional pain syndrome was 2.4% (eight of 328) in the vitamin C group and 10.1% 
(ten of ninety-nine) in the placebo group (p = 0.002); all of the affected patients were elderly 
women. Analysis of the different doses of vitamin C showed that the prevalence of complex re-
gional pain syndrome was 4.2% (four of ninety-six) in the 200-mg group (relative risk, 0.41; 95% 
confidence interval, 0.13 to 1.27), 1.8% (two of 114) in the 500-mg group (relative risk, 0.17; 95% 
confidence interval, 0.04 to 0.77), and 1.7% (two of 118) in the 1500-mg group (relative risk, 0.17; 
95% confidence interval, 0.04 to 0.75). Early cast-related complaints predicted the development 
of complex regional pain syndrome (relative risk, 5.35; 95% confidence interval, 2.13-13.42).

Conclusion
Vitamin C reduces the prevalence of complex regional pain syndrome after wrist fractures. A daily 
dose of 500 mg for 50 days is recommended. 

Level of evidence
Therapeutic Level I. See addendum 3 for a complete description of levels of evidence.

Reprinted with permission from The Journal of Bone & Joint Surgery (American), 89-A, P.E. 
Zollinger, W.E. Tuinebreijer, R.S. Breederveld, R.W. Kreis: Can vitamin C prevent Complex 
Regional Pain Syndrome in patients with wrist fractures? A randomized, controlled, multicenter 
dose-response study, 1424-31, Copyright 2007, is owned by The Journal of Bone and Joint 
Surgery, Inc.
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Introduction
Complex regional pain syndrome (CRPS) type I, formerly known as reflex sympathetic 
dystrophy, is treated symptomatically and the clinical focus is on prevention. In patients 
who have sustained major trauma, the capacity of homeostasis can be overwhelmed, which 
can lead to the Systemic Inflammatory Response Syndrome (SIRS) and Multiple Organ 
Dysfunction Syndrome (MODS).1 SIRS is an excessive inflammatory reaction to an event 
such as a trauma, burns, or massive infection (as in the case of pancreatitis). These processes 
appear to be mediated by the same host-derived inflammatory mediators.2 In an earlier re-
port, we suggested a parallel between burn wounds and the development of CRPS because 
of the inflammatory reaction and the involved micro-angiopathy.3 CRPS and burn wounds 
may involve a cascade of deterioration and exaggeration of a similar process. 

Tanaka et al. reported that, in the clinical setting, ascorbic acid given in high doses 
during the first twenty-four hours of burn resuscitation, significantly reduces resuscitation 
fluid volume requirements and wound edema.4 The severity of respiratory dysfunction was 
also reduced in these patients. The increased vascular permeability in patients with burns 
is a result of damage to the microvascular endothelial cells caused by oxygen free radicals. 
Vitamin C reduces lipid peroxidation, scavenges hydroxyl radicals, protects the capillary 
endothelium, and inhibits vascular permeability.2,3 In a previously randomized trial, we 
reported that treatment with 500 mg of vitamin C, as compared with placebo, reduced the 
risk of reflex sympathetic dystrophy in patients with nonoperatively treated wrist fractures.3

Therefore, we performed a dose-response study to replicate and further evaluate our ear-
lier findings. A steady state in human plasma at doses of > 200 mg of ascorbic acid (vitamin 
C) per day has been reported.5 We performed a multicenter dose-response study of patients 
with all types of wrist fractures that were treated operatively and nonoperatively; the analy-
sis was performed on the basis of the intention-to-treat principle.

Material and methods
Study design
The trial was designed as a multicenter, randomized, controlled study. Three hospitals in 
The Netherlands participated in this study. The appropriate medical ethics committees 
of these three hospitals approved the study. An independent physician was appointed (as 
required under Dutch legislation) for the patient’s guidance in case they requested extra 
information about clinical trials in general or this trial in particular.

Adult patients (defined as those who were eighteen years or older) with a wrist fracture 
who were seen in the emergency department of each hospital were asked by the emergency 
department physician to participate in the study. Patients with a fracture of both wrists 
were also included. All wrist fractures were included, independent of treatment choice. 
Nonoperative treatment consisted of the use of a plaster cast, with the fracture being re-
duced under local anesthesia if necessary. Operative treatment varied and was applied at the 
surgeon’s discretion. 
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Figure 1.  CONSORT E-flowchart illustrating the trial profile. The CONSORT comprises a check-
list and flow diagram to help improve the quality of reports of randomized controlled trials, offering 
a standard way for researchers to report trials.
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Excluded (N = 1721 patients)
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N= 416 patients
       427 fractures
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(N= 328 fractures)
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(N=317 patients; 328 fractures)

Received allocated intervention
(N=328 fractures)
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(N=99 patients and fractures)

Received allocated intervention
(N=99 fractures)

Lost to follow-up
(N=0)

Lost to follow-up
(N=0)
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After informed consent had been obtained, the protocol was initiated in the emergency 
department. Patients were asked to start the trial medication from that moment, on the day 
of the fracture. This medication was delivered in a box containing 100 capsules, with two 
capsules to be taken once daily for fifty days. Patients were allocated randomly to receive 
either placebo or a dosage of 200, 500, or 1500 mg of vitamin C daily. 

The pharmacist in one of the participating hospitals, who also made up the medica-
tion for the other hospitals, executed the randomization in block form, with blocks of ten 
according to a table of random numbers. All capsules had the same appearance and taste. 
The trial was double-blind with the pharmacist being the only individual with access to the 
code until the conclusion of the trial.

The endpoint of the study was defined as the presence of complex regional pain syn-
drome at any time within one year of the fracture. All participants and physicians were 
unaware of the treatment allocation. CRPS was diagnosed by a physician in the treating 
department and not by anyone involved in the conduct of the trial.

At the time of enrollment, specific study parameters were recorded including gender, 
age, the side of fracture, dominance, fracture type according to the AO/ASIF classification 
system6, dislocation, reduction, the number of the box containing the allocated treatment, 
drug intake, and the history with respect to previous wrist fractures and earlier episodes of 
CRPS.

Patients were evaluated after one week, four or five weeks (or when the cast was re-
moved), six or seven weeks, twelve weeks, and twenty-six weeks. After one year patients, 
were interviewed by telephone or were sent an inquiry letter with a postage-paid envelope 
for their reply. Fracture treatment was not compromised by the protocol. If necessary, pa-
tients were seen more often and/or at other times. Attention was paid to early complaints 
related to the cast, such as pain, swelling, and numbness. 

Complex regional pain syndrome type I was diagnosed when four of the following five 
symptoms were present at the wrist, including the area distal to the wrist (the hand and 
fingers), and if they occurred (or increased) after activity: 

unexplained diffuse pain that was not in normal relation to the stage of fracture 
treatment;
difference in skin color relative to the other hand and wrist; 
diffuse edema; 
difference in skin temperature relative to the other hand and wrist; 
limited active range of motion of the wrist and fingers, that was unrelated to the stage 
of fracture treatment.7 

If complex regional pain syndrome was diagnosed, the end point of the study was reached 
and the protocol was terminated to allow for the treatment for CRPS. 

1.

2.
3.
4.
5.
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Vitamin C Vitamin C Vitamin C Placebo p-value # Vitamin C p-value @

200 mg
( N = 96)

500 mg
(N = 114)

1500 mg
(N = 118)

(N = 99) 200 mg, 500 mg, 
1500 mg 
(N = 328)

Gender 0.796 0.431

Female 80 (87%) 93 (82%) 100 (85%) 79 (80%) 273 (83%)

Male 16 (17%) 21 (18%) 18 (15%) 20 (20%) 55 (17%)

Age* in years 62.8 
(SD 17.2)

62.8
(SD 15.0)

62.4
(SD 18.3)

61.4
(SD 18)

0.930 62.7 
(SD 16.8)

0.522

Side of the 
fracture

0.905 0.996

Right 42 (44%) 55 (48%) 52 (44%) 45 (45%) 149 (45%)

Left 54 (56%) 59 (52%) 66 (56%) 54 (55%) 179 (55%)

Total fractures 96 (22%) 114 (27%) 118 (28%) 99 (23%) 328 (77%)

Dominance § 0.946 0.687

Yes 46 (48%) 51 (45%) 54 (46%) 48 (48%) 151 (46%)

No 50 (52%) 63 (55%) 63 (54%) 51 (52%) 176 (54%)

Fracture type 0.571 0.447

23-A 57 (59%) 65 (57%) 57 (48%) 52 (53%) 179 (55%)

23-B 20 (21%) 23 (20%) 29 (25%) 18 (18%) 72 (22%)

23-C 19 (20%) 26 (23%) 32 (27%) 29 (29%) 77 (23%)

Dislocation 0.524 0.970

Yes 58 (60%) 79 (69%) 81 (69%) 66 (67%) 218 (66%)

No 38 (40%) 35 (31%) 37 (31%) 33 (33%) 110 (34%)

Reduction 0.150 0.861

Yes 50 (52%) 76 (67%) 76 (64%) 60 (61%) 202 (62%)

No 46 (48%) 38 (33%) 42 (36%) 39 (39%) 126 (38%)

Treatment 0.891 0.963

Conservative 86 (90%) 99 (87%) 106 (90%) 88 (89%) 291 (89%)

Operative 10 (10%) 15 (13%) 12 (10%) 11 (11%) 37 (11%)

CRPS 0.007 .002

Yes 4 (4%) 2 (2%) 2 (2%) 10 (10%) 8 (2.4%)

No 92 (96%) 112 (98%) 116 (98%) 89 (90%) 320 (97.6%)

Table I. Demographic data. *The values are given as the mean and the standard deviation. # Placebogroup 
compared with the three different vitamin-C groups. @ Placebo group compared with the overall vitamin-C group. 
§This information was missing for one fracture.
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Statistical analysis
Statistical analysis was performed with SPSS version 11.0 (SPSS, Chicago, Illinois) and 
MedCalc version 9.2 (MedCalc Software, Mariakerke, Belgium) software on a personal 
computer. Sample and group sizes were estimated a priori using results of our previous 
study, a planned power of 90% and a significance (α) of 0.05.3 The chi-square test, analysis 
of variance, and the Student t test were used as applicable for univariate analysis. Measures 
of association, along with their confidence intervals (CI), were calculated with Pearson Chi-
square test or the Fisher exact test. The significant independent variables from the univari-
ate analysis were entered in a multivariate logistic regression with the occurrence of com-
plex regional pain syndrome as a dependent variable. The likelihood ratio backward test was 
conducted to find the best-fit model by selecting the variables one by one. The probability 
for entry was set at 0.05, and the probability for removal at 0.10.

Kaplan-Meier curves with 95% confidence intervals were generated to show the time 
between fracture and diagnosis of complex regional pain syndrome. The curves for the pla-
cebo and vitamin C groups were compared with use of a log-rank test.

Results
Between January 2001 and December 2004, we enrolled 416 patients with 427 fractures 
from a total population of 2137 patients with wrist fractures who presented to the three 
emergency departments at the three hospitals. The follow-up period ended in December 
2005.

Ten patients had a bilateral fracture, and one had an ipsilateral refracture. All fractures 
were assessed individually. None of the randomized patients were excluded from the study. 
No adverse events occurred.

Randomization involved 416 patients from the three centers: 317 patients with 328 
fractures received vitamin C, and ninety-nine patients with ninety-nine fractures received a 
placebo. The trial profile is shown in Figure 1. The 1721 patients who were excluded com-
prised 463 patients who refused to take part for various reasons, 297 patients who wanted 
to be sure that they received vitamin C, and 961 patients who had not been invited to take 
part into the study.

The patients who were given vitamin C and those who were given a placebo did not 
differ significantly in terms of demographic characteristics (Table I). Analysis of the groups 
receiving three different doses of vitamin C and the placebo showed no significant differ-
ences with regard to gender, age, the side of the fracture, dominance, fracture type, disloca-
tion, reduction, or treatment modality (Table I).

After one year, all patients were interviewed by telephone, with the exception of eight-
een patients who received an inquiry letter and one patient who was visited at home. It was 
not necessary to see any of the patients in the outpatient clinic again as there was no suspi-
cion of a missed diagnosis of CRPS. None of the patients were lost to follow-up.
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Characteristic CRPS 
(N=18)

No CRPS 
(N=409)

Relative risk
(95% CI)

P Value

Gender (no. of fractures) 0.95 (0.93 to 0.97)*

Female 18 (100%) 334 (82%)

Male 0 (0%) 75 (18%)

Mean age in years # 67.6 ± 7.7 62.1 ± 17.4 0.011

Side of the fracture 0.96 (0.39 to 2.39)

Right  8(44%) 186 (45%)

Left 10 (56%) 223 (55%)

Total fractures 18 (4.2%) 409 (95.8%)

Dominance § 1.14 (0.46 to 2.82)

Yes 9 (50%) 190 (47%)

No 9 (50%) 218 (53%)

Fracture type 0.821

23-A 11(61%) 220 (54%)

23-B 3 (17%) 87 (21%)

23-C 4 (22%) 102 (25%)

Dislocation 1.31 (0.48 to 3.6)

Yes 13 (72%) 271 (66%)

No  5 (28%) 138 (34%)

Reduction 0.99 (0.39 to 2.5)

Yes 11(61%) 251 (61%)

No 7 (39%) 158 (39%)

Complaints in plaster @ 11 (61%) 86 (22%) 5.35 (2.13 to 13.42)

Prevention

Placebo 10 (56%) 89 (22%)

Vitamin C 200mg 4 (22%) 92 (22%) 0.41 (0.13 to 1.27)

Vitamin C 500mg 2 (11%) 112 (27%) 0.17 (0.04 to 0.77)

Vitamin C 1500mg 2 (11%) 116 (28%) 0.17 (0.04 to 0.75)

Vitamin C overall 8 (44%) 320 (78%) 0.24 (0.10 to 0.60)

Treatment 0.46 (0.06 to 3.41)

Conservative 17 (94%) 362 (89%)

Operative  1 (6%) 47 (11%)

Table II. Relative Risk of Complex Regional Pain Syndrome. All characteristics are in number of 
fractures. * Relative risk calculated for no CRPS.  # The values are given in the mean standard 
deviation. §This information was missing for one fracture. @ Data on cast-related complaints 
were missing for fifteen fractures (with no CRPS), so this percentage is based on 394 fractures.
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Twenty-five patients were taking vitamin supplements prior to the fracture. Of these, 
nine had been taking vitamin B, two had been taking vitamin D, and thirteen had been 
taking a multivitamin preparation. None of those twenty-four patients had been consum-
ing vitamin C in high doses (>50 mg daily, which is the recommended daily intake), and 
therefore none of them were excluded. The remaining patient took 1000 mg of vitamin C 
daily. She was asked to stop taking this supplement during the trial. In retrospect, she was 
randomized to 1500 mg of vitamin C daily.

The prevalence of complex regional pain syndrome was 2.4% (eight of 328) in the 
vitamin C group and 10.1% (ten of ninety-nine) in the placebo group (p = 0.002) (Table 
I). All of the affected patients were elderly women. For the entire cohort, the prevalence of 
complex regional pain syndrome was 4.2% (eighteen of 427).

Analysis of the different doses of vitamin C showed that the prevalence of CRPS in the 
200-mg group (4.2%; four of ninety-six) was lower than that among those in the placebo 
group (10.1%; ten of ninety-nine) (Table I), but this difference was not significant (rela-
tive risk, 0.41; 95% confidence interval 0.13 to 1.27) (Table II). Significant differences 
were seen in the 500 (p=0.007) and 1500-mg (p=0.005) groups, in which the relative risks 
of CRPS were 0.17 (95% confidence interval, 0.04 to 0.77) and 0.17 (95% confidence 
interval, 0.04 to 0.75), respectively. Overall, there was a significant difference between the 
vitamin C group and the placebo group (relative risk, 0.24; 95% confidence interval, 0.10 
to 0.60) (p=0.002) (Table II).

In the present study, all patients with complex regional pain syndrome were female; for 
males patients, the relative risk that complex regional pain syndrome would not develop 
was 0.95 (95% confidence interval, 0.93 to 0.97). CRPS occurred significantly more fre-
quently in older patients (Table II).

One patient had a refracture and was randomized twice over an interval of four months, 
the first time to 500 mg and the second time to 1500 mg of vitamin C. Fracture treatment 
was nonoperative on both occasions, and complex regional pain syndrome did not develop.

One 74-year-old patient in the 1500-mg vitamin C group who had a fracture of both 
wrists had development of CRPS in the right side, where she had a simple AO 23-A2-type 
fracture, that had been inadequately reduced. On the left side, where the patient had an 
adequately reduced AO 23-A3-type fracture, there were no signs of CRPS.

CRPS was not associated with the side of the fracture, dominance, the type of fracture, 
the need to undergo reduction, or the type of treatment (operative or nonoperative) (Table 
II).

Early complaints related to the plaster cast were predictive of the occurrence of CRPS 
(relative risk, 5.35; 95% confidence interval, 2.13 to 13.42). Overall, complex regional 
pain syndrome was diagnosed at an average of 76 days (range, 30 to 166 days) after the 
fracture (Fig 2). The diagnosis of CRPS was made earlier for the patients in the vitamin C 
group than for those in the placebo group (68 compared with 83 days), but this difference 
was not significant. 
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The logistic regression analysis of the predictive factors yielded significant odds ratios for 
cast-related complaints and vitamin C doses of 500 and 1500 mg daily (Table III).

Discussion
The present study confirms that vitamin C can have an inhibiting effect on the occurrence 
of complex regional pain syndrome after wrist fractures. Some limitations of the study 
should be mentioned.
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Figure 2. Kaplan-Meier survivorship curves (with 95% confidence intervals) for the 
vitamin C and placebo groups, with the occurrence of complex regional pain 
syndrome (CRPS) as the end point.  0 = placebo, 1= vitamin C, and df = degrees of 
freedom. 

Figure 2. Kaplan-Meier survivorship curves (with 95% confidence intervals) for 
the vitamin C and placebo groups, with the occurrence of complex regional pain 
syndrome (CRPS) as the end point.  0 = placebo, 1= vitamin C, and df = degrees 
of freedom.

Odds ratio (95% CI) P value

Cast-related complaints 5.73 (2.11 to 15.57) 0.001

Vitamin C overall 0.22 (0.08 to 0.58) 0.020

Vitamin C 200mg 0.38 (0.11 to 1.30) 0.122

Vitamin C 500mg 0.14 (0.03 to 0.68) 0.014

Vitamin C 1500mg 0.16 (0.03 to 0.77) 0.022

Table III.  Results of Logistic Regression Analysis
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The number of patients enrolled the study was low in relation to the number of eligible 
patients who presented with wrist fractures, but after randomization no patient was lost to 
follow-up. It is difficult in an emergency department setting to motivate staff and patients 
to participate in any study. The possible lack of interest explains the high number of 961 
uninvited patients. Furthermore, during the informed-consent process, patients were in-
formed about our previous study3, which showed a positive effect of vitamin C. Therefore, 
297 patients wanted to be sure that they received vitamin C and decided not to participate 
in the study. 

The confidence intervals for all reported values were wide. Our power analysis was based 
on our previous study3, but the prevalence of CRPS in the present study was lower than 
expected. 

In The Netherlands, the intake of vitamin supplements is slowly increasing but is still 
low. Only twenty-five patients had already been taking vitamin supplements before the oc-
currence of the wrist fracture. None of them had been taking high-dose vitamin C (> 50 
mg daily) (except for the patient mentioned earlier, who had been asked to stop doing so), 
and therefore none of those patients were excluded. Because of the low numbers of patients 
who were known to have been taking supplements before the fracture and the high doses 
that were used in this study, this source of bias was limited. It is known that vitamin C rap-
idly reaches a steady state in human plasma at doses of > 200 mg per day. 5 With a normal 
dietary intake of 50 to 60 mg of vitamin C per day added to our trial doses, we did not be-
lieve that there was a need to measure plasma levels of vitamin C. Compliance with taking 
the vitamins as recommended was not confirmed; however, all patients stated that they had 
consumed all fifty doses. 

The overall prevalence of CRPS in the present study was 4.2 % and the prevalence for 
the placebo group was 10.1%. This rate in the placebo group is lower than those in our pre-
vious study3 (22%) and in the studies reported by Atkins et al. 8,9 (25% and 37%, respec-
tively). A possible explanation for the lower prevalence in the present study might be found 
in the more precise criteria (as described by Veldman et al.7) that we used for the diagno-
sis of CRPS. In the present study the diagnosis was made if four of five symptoms were 
present, whereas in our previous study the diagnosis was made if four of six symptoms were 
present. Clinicians in The Netherlands are more acquainted with the criteria of Veldman 
et al.7 than they are with other criteria such as those from the International Association for 
the Study of Pain (the so-called IASP criteria) or the modified research criteria proposed by 
Bruehl and others.10,11 Another reason for the lower prevalence might be the fact that surgi-
cally treated wrist fractures were included in the present study. The number needed to treat 
(NNT) was 12 for the 500-mg dose of vitamin C in this study.

We found that complaints related to the use of the plaster cast were strongly predic-
tive of a development of CRPS. This finding has been described in previous studies 3,12 and 
should alert physicians who treat fractures with a plaster cast. 
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In the present study, all patients with CRPS were female, and this was significant in uni-
variate analysis. From this observation that CRPS occurs more often in elderly women, the 
suggestion has been made that the estrogen status could be a confounding factor. 3

The mean time-interval between the wrist fracture and the diagnosis of CRPS was 76 
days for all cases. The interval was 68 days for the patients in the vitamin C group and 83 
days for patients in the placebo group. The length of this time-interval is consistent with 
the results reported by Geertzen et al., who reported a mean interval of 2.3 months for the 
development of upper limb CRPS from various causes.13

The pharmacodynamic behavior of vitamin C in the treatment of fracture or the preven-
tion of CRPS is not fully understood. Nevertheless, previous studies have shown a positive 
effect of vitamin C in different healing processes. Yilmaz et al., in a study of experimental 
fractures in rats, suggest that vitamin C enhanced fracture-healing in comparison with a 
control group14, and Sarisozen et al. confirmed that vitamin C accelerates fracture-healing 
in rats.15 We did not study the time needed for fracture-healing. 

Ischaemia-reperfusion injury (IRI) is caused by endothelial and subendothelial damage 
by neutrophil-derived oxidants.5 Kearns et al. noted that pretreatment with oral vitamin 
C in rats protected against this injury in rats, possibly by diminishing neutrophil respira-
tory burst activity.5 In a later study, they provided experimental evidence of a potential role 
for antioxidants, such as vitamin C, in the reduction of injury to skeletal muscle caused by 
compartment syndrome.16 With the knowledge that the production of oxidants in neu-
trophils is reduced by the administration of vitamin C and that vitamin C can protect the 
endothelium from direct injury by oxidants, one can postulate that it can prevent micro-
vascular dysfunction and the microangiopathy of an inflammatory reaction such as is seen 
in CRPS. 2,17-20

The strength of our conclusion is limited by two issues. First, our two vitamin C studies 
yielded relative risks with wide confidence intervals, which must be interpreted as a lack of 
precision, limiting the validity of our conclusion. Second, with vitamin C, we prevented a 
group of symptoms defined by us as CRPS. Due to the lack of precision with this diagno-
sis, we cannot be sure that we actually prevented CRPS. 

In conclusion, we recommend the administration of 500 mg of vitamin C daily for 
fifty days after a wrist fracture, because we believe that such treatment may prevent CRPS. 
Whether vitamin C can also be used as a treatment for CRPS should be the subject of fur-
ther study. 
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This investigation was performed in The Netherlands at Department of Surgery, Red Cross 
Hospital, Beverwijk; the Department of Orthopaedics and Surgery, Haga Hospital (Leyenburg), 
The Hague, and the Department of Orthopaedics and Surgery, Reinier de Graaf Group, Delft.
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Abstract

Introduction
Operative and conservative treatment of wrist fractures might lead to complex regional pain syn-
drome (CRPS) type I.

Materials and methods
In our multicenter dose response study in which patients with distal radial fractures were ran-
domly allocated to placebo or vitamin C in a daily dose of 200 mg, 500 mg or 1500 mg during 50 
days, an operated subgroup was analyzed.

Results
48 (of 427) fractures were operated (11.2%). Twenty-nine patients (60%) were treated with ex-
ternal fixation, 14 patients (29%) with K-wiring according to Kapandji and five patients (10%) with 
internal plate fixation. The 379 remaining patients were treated with a plaster. In the operated 
group of patients who received vitamin C no CRPS (0/37) was seen in comparison with one case 
of CRPS in the operated group who received placebo (1/11 = 9%, p=.23; a patient with Kapandji 
technique). There was no CRPS after external fixation. In the conservatively treated group 17 
cases of CRPS (17/379 = 4.5%) occurred in comparison with one in case of CRPS in the opera-
ted group (1/48 = 2.1%, p=.71).

Conclusion
External fixation doesn’t necessarily lead to a higher incidence of CRPS in distal radial fractures. 
Vitamin C may also play a role in this. This subgroup analysis in operated distal radial fractures 
showed no CRPS occurrence with vitamin C prophylaxis and gives us enough arguments for fur-
ther investigation in a RCT.

Keywords
Ascorbic acid – External fixators – Radius fractures– Reflex sympathetic dystrophy – Vitamin C

Submitted
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Introduction
The management of distal radial fractures is usually conservative. Patients are treated with 
a plaster of Paris cast or splint, after reduction if necessary. If conservative treatment of a 
wrist fracture is not possible, closed reduction with external fixation, closed reduction with 
internal fixation or open reduction with internal fixation can be carried out.

In some cases a Complex Regional Pain Syndrome (CRPS) type I will develop. In lite-
rature there is a great variation in incidence of CRPS from 1% up to 37%.1,4 In an earlier 
report we described an incidence of 22% in a control group.20

In the past it has been suggested that external fixation might lead to a high incidence of 
CRPS, up to 33%.15 Later data show an incidence of CRPS of 19% after external fixation.8 
Part of the problem in diagnosing CRPS is that there are different criteria used worldwide 
to describe CRPS type I, formerly known as reflex sympathetic dystrophy (RSD).2,13,19

On the other hand, different treatment modalities are used for different indications. For 
extra-articular distal radial fractures the treatment is usually different than for fracture types 
with intra-articular comminution or open fractures. 

We performed a secondary analysis of our randomised controlled multicenter dose res-
ponse study, which investigated the effect of three different doses of vitamin C on the inci-
dence of CRPS type 1.21 The subgroup consisted of distal radial fractures that were treated 
operatively. We selected a group of patients treated with external fixation and a group with 
internal fixation. Patients treated conservatively with a plaster of Paris formed the control 
group. 

Material and methods
Study design
The study was set up as a multicenter prospective cohort. Three hospitals in The 
Netherlands participated in this study. Adults (18 years or above) with a wrist fracture who 
were seen in the emergency department were asked to participate in the study.

All types of wrist fractures were included. Fracture types were classified according to 
the AO/ASIF classification.14 It was left to the decision of the surgeon how the patient 
was treated. Operative treatment varied from closed reduction and external fixation, over 
closed reduction and internal fixation (Kapandji) to open reduction and internal fixation 
(ORIF).11 The external fixation method in our study was a bridging technique.

Conservative treatment consisted of a plaster of Paris cast for four or five weeks, if nec-
essary after closed reduction under local anesthesia.

In our primary study patients were randomly allocated to vitamin C or a placebo. In 
this procedure informed consent had to be obtained from each patient. The medical ethics 
committees from the three hospitals had approved the study. 

From day one patients received a daily dosage of 200, 500 or 1500 mg of vitamin C or 
a placebo for 50 consecutive days. This procedure was a double blinded one and only the 
hospitals pharmacist knew the allocation code.
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As we are more familiar in the Netherlands with the criteria of Veldman, we used these 
to establish the diagnosis of CRPS I.19

Complex regional pain syndrome type I was diagnosed when four of the following five 
symptoms were present at the wrist, including the area distal to the wrist (hand and fin-
gers), and if they occurred (or increased) after activity: 

unexplained diffuse pain, not in normal relation to the stage of fracture treatment;
difference in skin colour relative to the other hand and wrist; 
diffuse oedema; 
difference in skin temperature relative to the other hand and wrist; 
limited active range of motion of the wrist and fingers, unrelated to the stage of frac-
ture treatment.19

The diagnosis of CRPS was made by a physician in the treating department and not by 
anyone involved in the conduct of the trial. All the patients with CRPS had pain. The fol-
low-up period was one year.

Statistical analysis
The statistical analysis was performed with SPSS (version 11.0) software on a personal com-
puter. Sample and group sizes were estimated a priori using results of our previous study, a 
planned power of 90% and a significance (α) of 0.05.20 The chi-square test, likelihood ratio 
test, Fisher’s exact test, ANOVA and Student’s t test were used as applicable for univariate 
analysis. A post hoc power calculation was done on the proportions of CRPS comparing 
the operated group and the non-operated group with G*Power software (version 3.03).

Results
In this secondary study we compared distal radial fractures that had to be operated on with 
conservatively treated fractures that were seen between January 2001 and December 2004, 
with a follow-up of one year. We prospectively included 48 patients with fractures who had 
to undergo surgery in some sort of form. These 48 fractures represented 11.2 % of all distal 
radial fractures treated during the study. Of these patients 29 (60%) were treated with an 
external fixator. In this group of external fixation there were, according to the AO/ASIF 
classification, 7 A type and 22 C type fractures.14

The operated patients and those treated conservatively (N=379) did not differ signifi-
cantly in terms of demography (Table 1). Analysis of the operated and conservative treated 
groups showed no significant differences for the variables of sex, age, fracture side, domi-
nance and cast-related complaints (Table 1).

A total of 14 patients (29%) were treated with K-wires according to Kapandji.11 In this 
subgroup were 8 A type, 2 B type and 4 C type fractures (Table 2).

Five patients (10%) in our cohort underwent an open reduction and internal fixation 
with a plate. This small group consisted of 1 A type, 2 B type and 2 C type fractures (Table 
2).

1.
2.
3.
4.
5.
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In these 48 operated wrist fractures only in one case (2.1%) a CRPS type I was diag-
nosed (Table 1). In the external fixator group there was no CRPS. The only case of CRPS 
was seen in the Kapandji group (7%), in a patient receiving placebo treatment.

In the operated group (Table 3) who received vitamin C no CRPS (0/37) was seen in 
comparison with one patient with CRPS in the operated group who received placebo (1/11 
= 9%, p = .23).

The conservatively treated control group counted 379 fractures (Table 1). In this con-
servatively treated group 17 cases of CRPS (17/379 = 4.5%) occurred in comparison with 
one CRPS in the operated group (1/48 = 2.1%, p = .71).

The type of operation in relation to the fracture type is shown in Table 2. As one might 
expect, the external fixator is more often used in the more comminuted fractures (AO type 
C). As expected in the operated groups significant more dislocations were seen and there-
fore significant more reductions were performed (Table 1).

The equal distribution of placebo and vitamin C over the different subgroups is shown 
in Table 1. The distribution of the operations over the different departments is shown in 
Table 4. This shows that the Kapandji method is exclusively conducted in one hospital. 
This method is equally distributed over the surgery and orthopedic department. The exter-
nal fixation treatment is divided regularly over the three hospitals. 

The post-hoc calculated power for finding a difference between the proportion of CRPS 
in the operated vitamin C group (0/37 = 0%) and the proportion of CRPS in the operated 
non-vitamin C group (1/11 = 9.1%) was 26 % (alpha .05).
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Characteristic Operative treatment
(n=48)

Conservative treatment
(n=379)

p-value

Gender (no. of  fractures)

Female 37 (77.1%) 315 (83.1%)

Male 11 (22.9%) 64 (16.9%) 0.301

Age @ (yr) 58.6 (SD 15.8) 62.8 (SD 17.2) 0.106

Side of the fracture (no. of  fractures)

Right 21(43.8%) 173 (45.6%)

Left 27 (56.2%) 206 (54.4%) 0.804

Dominance (no. of  fractures)

Yes 25 (52.1%) 174 (46%)

No 23 (47.9%) 204 (54%) 0.429

Fracture type (no. of  fractures)

23-A 16(33.3%) 215 (56.7%)

23-B 4 (8.3%) 86 (22.7%)

23-C 28 (58.3%) 78 (20.6%) 0.000

Dislocation (no. of  fractures)

Yes 47 (97.9%) 237 (62.5%)

No 1 (2.1%) 142 (37.5%) 0.000

Reduction (no. of  fractures)

Yes 45 (93.8%) 217 (57.3%)

No 3 (6.3%) 162 (42.7%) 0.000

Cast-related complaints (no. of  fractures) 10 (27%) 87 (23.2%) 0.601

Prevention (no. of  fractures)

Placebo 11 (22.9%) 88 (23.2%)

Vitamin C 200mg 10 (20.8%) 86 (22.7%)

Vitamin C 500mg 15 (31.3%) 99 (26.1%)

Vitamin C 1500mg 12 (25%) 106 (28%)

Vitamin C overall 37 (77.1%) 291 (76.8%) 0.891

CRPS (no. of  fractures)

Yes 1 (2.1%) 17 (4.5%)

No 47 (97.9%) 362 (95.5%) 0.707

Table 1. Demography of intervention. @ The values are given as the mean and the standard 
deviation.
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Discussion
It has often been suggested that CRPS has a higher incidence after an external fixator, than 
after other methods of operative treatment.5,15,18 The reason for this seems unclear. Is it be-
cause of distraction or is the comminuted intra-articular fracture the cause?5,20

Different studies show different results in therapy for distal radius fractures and dif-
ferent results in outcome and complication rate, especially for CRPS, formerly known as 
Reflex Sympathetic dystrophy (RSD). Kaempffe et al. diagnosed retrospectively five cases 
of RSD in a group of 26 patients (19%) treated with external fixation for their distal radius 
fracture.10 McQueen et al diagnosed 3 patients with RSD (10%) and one with a shoulder-
hand-syndrome in a group of 31 fractures treated with external fixation.12 Sennwald et al. 
report 5 patients with RSD from a group of 30 patients treated with an external fixator 
(17%).17 Harley has 3 cases of RSD out of 25 patients (12%).6 Finally Suso et al. report 
even 17 cases of RSD out of a group of 30 patients (60%).18 These studies are in number of 
patients comparable with our own study.

Two frequently cited randomised clinical trials concerning external fixation in Colles’ 
fractures are from Howard and Roumen.9,16 Howard et al. (1989) studied a group of 50 
patients with severely displaced comminuted fractures and randomized them for treat-

A fractures B fractures C fractures

External fixation 7 (43.8%) 0 (0%) 22 (78.6%)

Internal fixation (ORIF) 1 (6.3%) 2 (50%) 2 (7.1%)

Kapandji method 8 (50%) 2 (50%) 4 (14.3%)

total 16 4 28

Table 2. Operative treatment and fracture type (AO/ASIF classification). No. of  fractures (%); 
P=0.003.

CRPS -no. of  fractures (%) CRPS -no. of  fractures (%) p-value

Yes No

Vitamin C overall 0 (.0%) 37 (78.7%)

Placebo 1 (100%) 10 (21.3%) 0.229

Table 3. CRPS in the operative subgroup comparing vitamin C with placebo.

Hospital External fixation Internal fixation 
(ORIF)

Kapandji method Conservative 
treatment

Reinier de Graaf 11 (37.9%) 1 (20%) 0 (0%) 126 (33.2%)

Haga Hospital 10 (34.5%) 2 (40%) 14 (100%) 117 (30.9%)

Red Cross Hospital 8 (27.6%) 2 (40%) 0 (0%) 136 (35.9%)

total 29 5 14 379

Table 4. Hospital and operative treatment. No. of  fractures (%); P=0.001.
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ment with an external fixator or manipulation plaster.9 In their study they found a similar 
percentage of fractures treated with operation (12%) as we did in our present study. This 
percentage of operated fractures is comparable low and is probably the result of a non-
aggressive style of treatment, i.e. non-operative style. CRPS type I is not a complication 
in their study, but they don’t give a definition of this clinical entity. Complications that 
Howard et al. saw were radial neuritis (8%), median nerve compression (8%) and ulnar 
nerve compression (4%). Nowadays these findings would be described as CRPS type II. In 
their study radial neuritis was seen in 4% after an external fixator and in 12% after con-
servative treatment.

Roumen et al. (1991) studied the results from external fixation after redisplacement of a 
conservatively treated wrist fracture in patients over 55 years of age.16 Their main complica-
tion was RSD: 14 cases out of 101 patients (14%). Unfortunately the criteria for the diag-
nosis were not mentioned, nor in the reference they referred to. Twenty-one patients were 
randomized to treatment with an external fixator after redisplacement and 22 for further 
conservative treatment. Four patients (19%) with an external fixator developed RSD and 2 
patients (9%) with conservative treatment. In the 58 patients with conservative treatment 
and no displacement of the fracture there was RSD in 8 cases (14%). Carpal tunnel syn-
drome was seen in another 12 patients (12%) and none of them had RSD.

Hegeman et al (2004) compared a primary external fixation with a plaster immobiliza-
tion in intra-articular unstable distal radial fractures in 32 elderly.7 In this study 5 patients 
developed CRPS as defined according to Veldman (16%). There was one case of CRPS in 
the 17 patients treated with a cast (6%) and there were 4 patients with CRPS in the group 
of 15 patients treated with an external fixator (27%).

In another article of Hegeman (2005) he found CRPS in 3 patients from a group of 16 
intra-articular unstable distal radial fractures treated with an external fixator (19%).8

In comparison we saw a low incidence (2.1%) of CRPS in our operated group and no 
CRPS after an external fixator. An explanation for this might probably be a prophylactic ef-
fect of vitamin C. Vitamin C was shown to be effective in preventing CRPS in conservative 
treated radial fractures by our study group in two RCT’s.20,21

Cazeneuve et al. (2002) demonstrated a same effect of vitamin C in a cohort study of 
patients who had to undergo surgical treatment for their distal radius fractures by intrafocal 
pinning.3

In the present study the sample size of the operated group was too small to yield a 
significant difference in CRPS prevention between the vitamin C and placebo treated 
operated groups. The operated placebo group consisted of eleven patients leading to a low 
power of this subgroup analysis (26%) and probably to a type II error (false negative). The 
incidence of CRPS in our operated patients is non-significant lower than in patients treated 
with a plaster cast. This last comparison between the operated and conservative group had 
also insufficient power to find a possible significant difference.
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We conclude that external fixation doesn’t necessarily lead to a higher incidence of 
CRPS in distal radial fractures. To our opinion vitamin C lowers the incidence of CRPS in 
non-operatively treated wrist fractures and may also play a role in operatively treated wrist 
fractures. This subgroup analysis in operated distal radial fractures showed no CRPS oc-
currence with vitamin C prophylaxis and gives us further arguments for a new prospective 
study to gather larger number of patients for sufficient statistical analysis. 

This investigation was performed in The Netherlands at Department of Surgery, Red Cross 
Hospital, Beverwijk; the Department of Orthopaedics and Surgery, Haga Hospital (Leyenburg), 
The Hague, and the Department of Orthopaedics and Surgery, Reinier de Graaf Group, Delft.
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Abstract
Traumatic dislocation of the trapeziometacarpal joint is rare. A stable reduction should be accom-
plished as soon as possible, usually with K-wiring. In this case of persistent instability a semi-con-
strained prosthesis was applied successfully.

Keywords
Endoprosthetics – Hand – Hand surgery – Orthopedic trauma – Sudeck

Reproduced with permission from European Journal of Trauma and Emergency Surgery, 33, 
P.E. Zollinger: Late reconstruction of a traumatic trapeziometacarpal dislocation with a semi-con-
strained prosthesis; a case report, 648-50, Copyright 2007, Urban & Vogel.
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Introduction
Traumatic dislocation of the trapeziometacarpal (TM) or first carpometacarpal (CMC) 
joint is rare. Therapy consists of a stable reduction, either by closed or open reduction and 
with or without instrumentation. In this case of recurrent dislocation a joint prosthesis was 
used.

Case report
A 58-year-old woman sustained a fall from the stairs and complained of a painful right 
hand. Prior to this trauma she had no complaints of this hand. Four days after this injury 
she visited the emergency department: a traumatic dislocation of the first carpometacarpal 
joint was diagnosed. After closed reduction a plaster of Paris cast was applied. Due to pain 
and swelling the plaster had to be removed after 17 days. There was pressure ulceration. 
Despite further treatment with a cast the pain did not decrease and a redislocation was di-
agnosed by X-ray (Figure 1).

The patient was then referred to the orthopedic outpatient clinic. She was in pain be-
cause of this hand and the function of her dominant right hand was diminished. There was 
tenderness and an ulceration at the base of the first metacarpal with instability. First web 
opening measured 500. Pinch grip was almost not possible and for this reason very weak. A 
reconstruction with a joint prosthesis was suggested and informed consent obtained.

Pre-operative visual analogue scale (VAS) scores were taken for pain (which measured 
8), daily activities  (ADL; which measured 1.5) and satisfaction (which measured 2).1 

Two days prior to surgery oral vitamin C prophylaxis (500 mg daily for 50 days) was 
started, to diminish the chance for occurrence of complex regional pain syndrome (CRPS) 
type I, as described in a trauma protocol for wrist fractures.2

After healing of the ulceration, the operation was performed as a day case under plexus 
anaesthesia. A cementless total trapezio-metacarpal joint prosthesis (Roseland prosthesis; 
Depuy International Ltd, Leeds, England) was implanted.3 This prosthesis of titanium 
alloy has a partial hydroxyapatite coating and is semi-constrained. Postoperative treat-
ment consisted of a plaster of Paris for 6 weeks. Follow-up was after 2 weeks, 6 weeks, 8 
weeks, 3 months, 6 months and 12 months with X-ray (Figure 2) and yearly afterwards. 
Physiotherapy was started two weeks after removal of the plaster. Six weeks later there was 
a stable situation, an excellent function and high satisfaction rate, which persisted during 
the four years of follow-up: first web opening 900, VAS for pain, ADL and satisfaction were 
respectively 0, 10 and 10. There were no signs of CRPS type I, nor did any other complica-
tion occur in the four years that have passed now since the implantation.  
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Figure 2. Stable implantation of the semi-constrained hydroxyapatite coated trapeziometacarpal 
prosthesis (type Roseland; Depuy Int. Ltd, Leeds, England).

Figure 1. Traumatic dislocation of trapeziometacarpal joint of the right hand.
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Discussion
A sole dislocation of the carpometacarpal joint of the thumb is not a very common in-
jury. Diagnosis can initially be missed.4,5 The mechanism is a longitudinally applied force 
when the base of the thumb is in slight flexion. In this situation the base of the thumb will 
dislocate in a dorsoradial direction. Spontaneous subluxation due to osteo-arthritis is seen 
in Dell stage III.6 The dorsoradial ligament is supposed to be the primary restraining force 
with respect to the acute dorsal dislocation of the thumb.7

Treatment consists of closed reduction, fixation with percutaneously placed K-wires and 
a plaster of Paris. The best results will be achieved when patients are treated immediately 
after the trauma, preferably the same day.8 Because of unstable results, others also advocate 
ligamentous reconstruction to prevent recurrent instability.5,9 Surgery of the trapeziometa-
carpal joint is known to be demanding and complication rate is high.5 Takwale et al. report 
of CRPS in 19% of their Cases.5 If arthritis is present an arthroplasty or arthrodesis can be 
performed.10,11

As this patient had no complaints at all, before her fall, the goal was to restore full func-
tion. For this reason the joint replacement was chosen. If the procedure or the prosthesis 
would fail, there would be two options left as a salvage, namely a tendon interposition 
arthroplasty or a fusion (arthrodesis). A ligament reconstruction seemed not to be a real 
option because of the long interval between the trauma and the moment of surgery. So, 
in this case of late treatment of a recurrent dislocation a semi-constrained prosthesis was 
implanted successfully. The clinical and radiological results after four years follow-up are 
excellent.

Conclusion
Recognition of a traumatic trapeziometacarpal dislocation is mandatory for correct treat-
ment of this problem. In case of a recurrent or persistent instability the choice of treatment 
is usually an arthroplasty or arthrodesis. In this particular case an implantation of a pros-
thesis led to a stable situation. The described semi-constrained device leads to a good clini-
cal result, during midterm follow-up. Long-term follow-up is not yet available.
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Abstract
Patients with trapeziometacarpal arthritis stage II or III (according to Dell) and no benefit from 
non-operative therapy were selected to undergo joint replacement. We performed 32 arthroplas-
ties for first carpometacarpal arthritis in 27 patients using a cementless total trapeziometacarpal 
joint prosthesis. We undertook a prospective cohort study and evaluated the clinical results of 
total joint arthroplasty after an average of 39 months. Visual analogue scale (VAS) scores for 
pain, daily activities (ADL) and satisfaction were taken pre- and postoperatively, and the first web 
opening was measured. First web opening improved significantly as did pain, ADL and patient 
satisfaction.
Surgery of an arthritic first carpometacarpal joint can be complicated by complex regional pain 
syndrome (CRPS) type I. In all our patients Vitamin C 500 mg daily was started two days before 
surgery and continued during 50 days. There were no cases of CRPS under vitamin C prophy-
laxis. These results justify further investigation in a randomised clinical trial.

Keywords
carpometacarpal arthritis; arthroplasty; joint replacement; reflex sympathetic dystrophy; complex 
regional pain syndrome; ascorbic acid

Reprinted with permission from Acta Orthopaedica Belgica, 74, Paul E. Zollinger, Maarten L. Ellis, 
Halil Ünal, Wim E. Tuinebreijer: Clinical outcome of cementless semi-constrained trapeziometa-
carpal arthroplasty, and possible effect of Vitamin C on the occurrence of complex regional pain 
syndrome, 317-22, Copyright 2008, Universa Press.
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Introduction
Osteoarthritis of the trapeziometacarpal (TM) or first carpometacarpal joint (CMC I) is 
common. Treatment is usually conservative. Possible surgical solutions are resection-arthro-
plasty, interposition arthroplasty,9 fusion or arthrodesis1 and prosthetic joint replacement.6 
The complication rate of these surgical procedures is high and complex regional pain syn-
drome (CRPS) type I may occur.11 After wrist fractures a beneficial effect of vitamin C on 
the occurrence of CRPS has been described.2,14,15 We report our experiences with a total 
joint prosthesis under vitamin C prophylaxis in a prospective cohort study.

Patients and methods
Twenty seven patients (21 female and 6 male) with complaints of osteoarthritits of the tra-
peziometacarpal or first carpometacarpal (CMC I) joint were included in the study. Only 
patients with stage II or III arthritis according to Dell3 were accepted in this protocol for 
prosthetic surgery (figures 1 and 2). They underwent 32 arthroplasties in total, after unsuc-
cessful conservative treatment consisting in oral medication (non-steroidal anti-inflam-
matory drugs), injections (corticosteroids), physical therapy (intrinsic thenar musculature 
strengthening), casting or bracing, alone or in a combination. One surgeon (PEZ) im-
planted the prosthesis in all cases since 2002. The degree of osteoarthritis according to Dell 
was stage II in 13 cases and stage III in 18. One patient had a traumatic dislocation of the 
trapeziometacarpal joint. Her postoperative treatment consisted of plaster cast immobilisa-
tion for 6 weeks. We have reported on this particular case separately.13 

The median duration of complaints was 42 months (interquartile range [IQR] = 36), 
ranging from 5 (the dislocation case) to 156 months. The median time to surgery since the 
first complaints in patients with a Dell stage II problem was 24 months (IQR = 32, n = 13) 
and with a Dell stage III problem 48 months (IQR = 75, n = 18). The difference between 
the median delay of Dell stage II and III was significant (p = 0.008). 

At the beginning of the study the following parameters were recorded: age, sex, side of 
CMC I arthritis, dominance, occupation, complaints and duration of complaints. Physical 
parameters were grind test, crepitus, subluxation, instability, thumb opposition, pinch grip 
test and first web opening.

We recorded the pre- and postoperative visual analogue scale (VAS) scores for pain, ac-
tivities of daily living (ADL) and satisfaction, up to one year post-operatively.5 In the score 
for pain, zero represents no pain and 10 means unbearable pain. In the ADL and satisfac-
tion scores, zero means the worst imaginable outcome and 10 the best imaginable result.

Two days prior to surgery oral vitamin C prophylaxis (500 mg daily for 50 days) was 
started, to diminish the chance for occurrence of complex regional pain syndrome (CRPS) 
type I, as described in a trauma protocol for wrist fractures by Zollinger et al.15

Operation was performed as a day case or short stay (one night stay in the hospital) usu-
ally under plexus anaesthesia (30 times) or under general anaesthesia (2 times). A dorsora-
dial approach with a ‘lazy Z’ shaped incision was used in all cases.
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In this study a cementless total trapezio-metacarpal joint prosthesis (Roseland prosthe-
sis, DePuy International Ltd, Leeds, England) was used (figures 3 and 4). This prosthesis 
made of titanium alloy has a partial hydroxyapatite coating and is semi-constrained as de-
scribed by Moutet et al.7

All patients received a single dose of intravenous cefazolin 1 g half an hour pre-opera-
tively. A tourniquet was used routinely.

Postoperative treatment consisted of a bandage with collar and cuff for 5 days, NSAID 
and vitamin C. After 5 days the patients started active circumduction and opposition exer-
cises, without passive mobilisation. Two weeks post-operatively physical therapy was started 
when necessary.

Follow-up visits were planned after 5 days, 2 weeks, 6 weeks with check radiographs, 3 
months, 6 months and 12 months, again with radiographs (figures 3 and 4) and then year-
ly. Follow-up of our study group ranged from 7 to 66 months, with a mean of 39 months.

Complex regional pain syndrome type I was defined according to Veldman et al.12 and 
diagnosed when four of the following five symptoms were present and occurred or in-
creased with activity: 

1. unexplained diffuse pain;
2. difference in skin colour relative to the other hand;
3. diffuse oedema;
4. difference in skin temperature relative to the other hand;
5. limited active range of motion.12

Statistics
The statistical analysis was performed with SPSS (version 15.0.1) software on a personal 
computer. The paired t-test, Wilcoxon signed rank test and the Mann-Whitney U test were 
used as applicable for univariate analysis.

The relationship between patient satisfaction and the other studied variables was esti-
mated using multiple regression. Non-significant variables were removed one by one, re-
moving the largest p value first, until all remaining variables in the model were significant. 
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Figure 1. Mild arthritis of the first carpometacarpal 
joint: stage II according to Dell.

Figure 2. Arthritis of the first carpometacarpal 
joint: stage III according to Dell.

Figure 3. The same patient as in figure 1; After 
implantation of a semi-constrained hydroxyapatite 
coated trapeziometacarpal joint prosthesis (Roseland 
prosthesis; DePuy Int. Ltd, Leeds, England).

Figure 4. The same patient as in figure 2; After 
implantation of a semi-constrained hydroxyapatite 
coated trapeziometacarpal joint prosthesis (Roseland 
prosthesis; Depuy Int. Ltd, Leeds, England).
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Results
VAS scores for pain, daily functioning and satisfaction (Table I) improved significantly after 
operation (p=0.000, paired t-test). First web opening (Table I) increased by 180 (p=0.000, 
paired t-test).

Web opening increased less in Dell stage III (median = 15, IQR = 13.8) compared to 
Dell stage II (median = 25, IQR = 20), but the difference was not significant. The improve-
ment for pain, ADL and satisfaction was equal for both stages of osteoarthritis.

Higher patient satisfaction was related to better postoperative pain reduction and longer 
duration of preoperative complaints (Table II). No relation was found with the other out-
come variables such as ADL and first web opening.

Complications occurred in 5 of 32 surgical procedures (15.6%).
In three cases a revision (9.5%) to a resection arthroplasty was performed, once because 

of a non-union of a trapezium fracture, occurred during operation (figure 5), and twice 
because of a trapezium implant dislocation.

One case of tendovaginitis of the thumb was treated successfully with a corticosteroid 
injection. One case of a superficial radial nerve branch entrapment (complex regional pain 
syndrome type II) was relieved by open neural decompression.

We detected no cases of complex regional pain syndrome type I. There were no infec-
tions.  

Mean (SD) 
preoperative

Mean (SD) 
postoperative

Difference (95% CI) 
(post- minus preoperative)

p value

First web opening (°) 58.0  (10.1) 76.1 (11.3) 18.1 (13.1 - 23.2) 0.000

VAS pain 7.4  (1.2) 1.2 (1.6) -6.3 (-6.8 - -5.7) 0.000

VAS daily activities 4.2  (2.0) 8.5 (1.4) 4.4 (3.7 - 5.1) 0.000

VAS satisfaction 2.2  (82.0) 8.8 (2.0) 6.7 (5.7 -  7.6) 0.000

Unstandardized coefficients 95% CI Standardized 
coefficients Beta

p value

B Standard error

Improvement VAS 
pain score

0.907 0.234 0.428 – 1.386 0.546 0.001

Duration of 
complaints

0.020 0.009 0.002 - 0.039 0.312 0.035

Table I. Pre- and postoperative scores for the studied variables. 
VAS = visual analogue scale; CI=confidence interval.

Table II. Multiple regression of patient satisfaction (VAS: 0-10) on postoperative pain 
reduction (VAS: 0-10) and preoperative duration of complaints (months). 
VAS = visual analogue scale; CI=confidence interval.
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Discussion 
Surgery of the trapeziometacarpal joint is known to be demanding and the complication 
rate is high with different procedures.6,9,10

Comparing arthrodesis with tendon interposition arthroplasty, the more favourable pro-
cedure is still unclear. Pinch grip seems stronger in arthrodesis, and range of motion is bet-
ter after interposition arthroplasty.4 On the other hand the complication rate seems to be 
lower in the interposition arthroplasty group (27%) than in the arthrodesis group (39%).8 
Saehle et al.9 noted some loss of sensation on the dorsal aspect of the first ray in 8 of 55 
(14.5%) tendon interpositions.

Takwale et al.10 report an incidence of 19% of complex regional pain syndrome (CRPS) 
in cases of post-traumatic instability of the trapeziometacarpal joint.

Torrededia et al.11 studied retrospectively 38 implantations in 34 patients with the 
same implant we used, the Roseland prosthesis. They immobilised the first column with 
a neoprene splint for one month and started physical therapy one week after surgery. 
Complication rate was 18.4%. Complex regional pain syndrome (CRPS) type I occurred in 
their study in 5 patients (13%). They believe that the length of the first column might be 
the cause of CRPS in three of their 5 cases.11 The only difference with our aftercare is the 
early functional treatment we encourage and the administration of the vitamin C.

Figure 5. Fractured trapezium in cast.
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MacDermid et al.6 report a high revision rate (23%) in their series. Revision rate to a 
resection arthroplasty in our series was 9.4%.

Our first experiences with this procedure seem encouraging. Patients have a satisfying 
pain relief and an improved and stable function. Patient satisfaction was strongly associ-
ated with the amount of pain reduction and the preoperative duration of the complaints. 
Patients with Dell stage III had a significant longer duration of symptoms than patients 
with Dell stage II before they were operated. This seems a logical consequence for a disease 
to become clinically worse in time.

Patients should be aware of the high complication and revision rate before they decide 
to undergo surgery. In case of failure of the procedure or the prosthesis, a resection arthro-
plasty or arthrodesis can be performed as a salvage procedure. We chose to perform a resec-
tion arthroplasty in those cases.

In contrast to Torrededia et al.,11 we did not encounter CRPS in our patient group. The 
positive trend in this pilot cohort study in comparison with the study of Torrededia et al.11 
confirms the results of two randomised clinical trials (RCT) in wrist fractures,14,15 where 
a positive effect of vitamin C was noted on the occurrence of CRPS. A RCT in a larger 
population with long-term follow-up should clarify this. 
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Introduction (from Chapters 1, 2 and 4)
Complex regional pain syndrome type I (CRPS-I) or Reflex Sympathetic Dystrophy (RSD) 
is an affliction that can occur after trauma to an arm or leg. It is characterized by a combi-
nation of autonomous, sensory and vasomotor symptoms. Pain, temperature difference, re-
stricted motion, colour change, hyperaesthesia, hyperalgesia, hyperpathy, tremor, involun-
tary movement, muscle spasms, paresis, pseudoparalysis, atrophy of skin, muscle and bone, 
hyperhidrosis and changes in hair and nail growth have all been described.

A variety of terms are used for CRPS-I or RSD, including post-traumatic dystrophy, 
causalgia of Mitchell, and Sudeck’s atrophy. The pathogenesis of CRPS is not clear, nor is 
there a definitive treatment for this syndrome. The morbidity, costs in health care, and loss 
of working time justify the search for a means to prevent post-traumatic dystrophy. 

The diagnosis of CRPS-I is a clinical one. There is no single, universally adopted set of 
criteria to diagnose CRPS, but in the Netherlands the Veldman criteria are preferred to the 
criteria of the International Association for the Study of Pain (IASP). These IASP criteria 
draw a distinction between CRPS type I (RSD), where no nerve damage is found, and type 
II, where nerve damage can be demonstrated (causalgia). Wrist fractures are a common 
condition and can be sustained by anyone in daily life. When CRPS occurs, however, the 
condition may develop into a chronic disability, meaning that the simple wrist fracture is 
no longer marginal for the patient in question, his relatives, social and working environ-
ment. The emphasis of treatment should be on prevention.

The association between the phenomena of inflammatory response in the first phase of 
burn treatment and RSD was made in the Red Cross Hospital in Beverwijk. In line with 
this, Goris proposed RSD as a model of a severe regional inflammatory response syndrome. 

CHAPTER 2 is an outline of the clinical practice guideline ‘Complex regional pain syn-
drome type I’ (www.cbo.nl). The development of this evidence-based multidisciplinary 
guideline started in 2003 at the initiative of the Netherlands Society of Rehabilitation 
Specialists and the Netherlands Society of Anaesthesiologists under the auspices of the 
Institute for Healthcare Improvement, CBO.

The diagnosis of CRPS-I is based on the clinical observation of signs and symptoms. 
Clinical diagnosis of CRPS-I can be established on the basis of criteria published by 
Veldman and the IASP.

For pain treatment, the WHO analgesic ladder is advised up to step 2. In case of pain of 
neuropathic nature, anticonvulsants and tricyclic antidepressants may be considered.

For the treatment of inflammatory symptoms, free-radical scavengers are advised. 
Dimethylsulphoxide (DMSO) cream 50% 5 dd may be considered for patients who have 
suffered CRPS-I for less than one year. Acetylcysteine may be considered for CRPS-I pa-
tients with a primary cold skin temperature. Percutaneous sympathetic blockades may be 
used for a cold extremity if vasodilatory medication produces insufficient effect.
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To decrease functional limitations, standardized physiotherapy and occupational 
therapy are advised. CRPS-I occurs relatively frequent after a wrist fracture. It has been 
demonstrated that oral administration of vitamin C 500 mg daily for 50 days reduces the 
risk of CRPS-I in patients after a wrist fracture. The use of vitamin C is recommended as a 
prophylactic for wrist fracture patients.

CRPS-I is less prevalent in children than in adults. Physiotherapy and occupational 
therapy, as part of a multidisciplinary approach, are advised in the treatment of children 
with CRPS-I. A protective and therapeutic effect of mannitol in CRPS-I has not been 
demonstrated.

CHAPTER 3 describes the chemical, pharmacodynamic and clinical aspects of vitamin C 
(ascorbic acid). Ascorbic acid is a water soluble vitamin and an organic acid that protects 
against scurvy. 

Normal plasma concentrations of ascorbic acid are about 10-20 µg/ml; plasma con-
centrations below 1-1.5 µg/ml are associated with scurvy. Scurvy in turn is associated with 
a defect in collagen synthesis that is apparent by the failure of wounds to heal, in defects 
in tooth formation, and in rupture of capillaries, leading to numerous petechiae and their 
coalescence to form ecchymoses. Total body stores of ascorbic acid have been estimated 
to be about 1.5 g with a 30-45 mg daily turnover. Clinical signs of scurvy usually become 
evident after 3-5 months of deficient ascorbic acid intake - the total body store of vitamin 
C is then reduced to about 300 mg. Daily ingestion of 5-10 mg provides a total body store 
of 600 to 1000 mg of ascorbate. When 60 mg of vitamin C is used per day (the recom-
mended dietary allowance [RDA] for adults) the concentration in plasma reaches about 8 
µg/ml and the body store is around 1500 mg. The t ½ for vitamin C in humans is 16 days. 
Bioavailability is complete for 200 mg as a single dose, corresponding to the upper portion 
of the sigmoid curve that was found between dose and steady-state plasma concentration. 
A steady state in human plasma occurs at doses greater than 200 mg ascorbic acid (vitamin 
C) per day. By scavenging radicals, vitamin C halts free-radical reactions and prevents the 
propagation of chain reactions. In this way vitamin C protects the capillary endothelium 
and circulating cells. Administration of high-dose ascorbic acid during the first 24 hours 
after thermal injury significantly reduces resuscitation fluid volume requirements, body 
weight gain and wound oedema.  In these patients a reduction in the severity of respiratory 
dysfunction was also apparent. Trauma or injury consume large quantities of vitamin C in 
humans. Supplementation with vitamin C has been shown to protect against oxidant-me-
diated endothelial injury in vivo. Oral pretreatment with vitamin C significantly reduced 
the functional, immunological and microvascular (oedema) effects of ischaemia reperfusion 
injury. In a model of compartment syndrome it was shown that pretreatment with vita-
min C preserved muscle function and reduced the infiltration of neutrophils and oedema. 
The results of two RCT’s comparing vitamin C and placebo in the prevention of complex 
regional pain syndrome were pooled for the analysis of the occurrence of CRPS. It is con-
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cluded that vitamin C reduces the chance of the occurrence of CRPS after wrist fractures, if 
vitamin C is started on the day of the fracture in a dose of 500 mg per day during 50 days. 
The second pooled outcome was the relative risk for CRPS in patients with or without cast-
related complaints. The risk of CRPS was higher in patients with these complaints than 
without them. The third pooled outcome was the relative risk of CRPS in female patients 
compared to males. The risk of CRPS was higher in female patients than in males.

The results of our first randomized clinical trial (RCT) are reported in CHAPTER 4.
As there was evidence of a successful influence of high doses of vitamin C in burn resus-
citation, we set up a study to investigate this in wrist fractures in order to prevent CRPS. 
Our hypothesis was that the incidence of posttraumatic RSD after wrist fractures would be 
lower in the group receiving vitamin C than in a placebo group. Between July 1995, and 
August 1997, 123 adults with 127 conservatively treated wrist fractures were randomly 
allocated in a double-blind trial to take a capsule of 500 mg vitamin C or placebo daily 
for 50 days. Each participant’s sex, age, side of fracture, dominance, fracture type, disloca-
tion, reduction and complaints with the plaster cast were recorded, and they were clinically 
scored for RSD. The follow-up lasted 1 year.

52 patients with 54 fractures (male 22%, female 78%; mean age 57 years) received 
vitamin C and 63 patients with 65 fractures (male 20%, female 80%; mean age 60 years) 
received placebo. CRPS occurred in four (7%) wrists in the vitamin C group and 14 (22%) 
in the placebo group. Risk difference is 15% (95% CI for differences 2-26). Other signifi-
cant prognostic variables for the occurrence of CRPS were complaints while wearing the 
cast (relative risk 0.17 [0.07-0.41]) and fracture type (0.37 [0.16-0.89]).

In conclusion, this prospective, double-blind study shows that vitamin C is associated 
with a lower risk of CRPS after wrist fractures.

The second RCT is described in CHAPTER 5. Vitamin C inhibits vascular permeability 
and protects the endothelium and may prevent microvascular dysfunction and the micro-
angiopathy of an inflammatory reaction, as in CRPS. A protective effect of ascorbic acid 
against CRPS and a steady state in human plasma at doses of > 200 mg of ascorbic acid 
(vitamin C) per day have been reported. To investigate a dose relation, we set up a multi-
center, placebo-controlled dose-response study with vitamin C for all types of wrist frac-
tures with conservative and operative fracture treatment.

Between January 2001 and December 2004, 416 patients with 427 wrist fractures en-
tered a double-blind, prospective, multicenter trial, with random allocation to treatment 
with placebo or with 200, 500, or 1500 mg of vitamin C daily for fifty days. Three hun-
dred and seventeen patients with 328 fractures were randomized to receive vitamin C, and 
ninety-nine patients with 99 fractures were randomized to receive a placebo. The preva-
lence of complex regional pain syndrome was 2.4% (eight of 328) in the vitamin C group 
and 10.1% (ten of ninety-nine) in the placebo group (p = 0.002); all affected patients were 
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elderly women. Analysis of the different doses of vitamin C showed that the prevalence of 
CRPS was 4.2% (four of ninety-six) in the 200-mg group (relative risk, 0.41; 95% confi-
dence interval, 0.13 to 1.27), 1.8% (two of 114) in the 500-mg group (relative risk, 0.17; 
95% confidence interval, 0.04 to 0.77), and 1.7% (two of 118) in the 1500-mg group (re-
lative risk, 0.17; 95% confidence interval, 0.04 to 0.75). Early cast-related complaints pre-
dicted the development of CRPS (relative risk, 5.35; 95% confidence interval, 2.13-13.42).

We conclude that vitamin C reduces the prevalence of complex regional pain syndrome 
after wrist fractures and we recommend the administration of a daily dose of 500 mg vita-
min C for 50 days. 

CHAPTER 6 describes a subgroup analysis from our second RCT (see chapter 5). If con-
servative treatment of a wrist fracture is not possible, closed reduction with external fixa-
tion, closed reduction with internal fixation or open reduction with internal fixation can be 
carried out. The subgroup consisted of operated distal radial fractures.

A great variation in incidence of CRPS after wrist fractures has been reported, ranging 
from 1% up to 37%. It has been suggested that external fixation might lead to a higher in-
cidence of CRPS (from 10% to even 60% in one study). Part of the problem in diagnosing 
CRPS is that different criteria are used worldwide to describe the syndrome. 

In our multicenter dose response study in which patients with distal radial fractures 
were randomly allocated to placebo or vitamin C in a daily dose of 200 mg, 500 mg or 
1500 mg during 50 days, we analyzed an operated subgroup.

Between January 2001 and December 2004 we prospectively included 48 patients with 
fractures (out of 427 fractures) who had to undergo surgery of some sort (11.2%). Twenty-
nine patients (60%) were treated with external fixation, 14 patients (29%) with K-wiring 
according to Kapandji and five patients (10%) with internal plate fixation. The 379 re-
maining patients were treated with a plaster.

In the operated group of patients who received vitamin C no CRPS (0/37) was seen 
in comparison with one case of CRPS in the operated group who received placebo (1/11 
= 9%, p=0.23; a patient with Kapandji technique). There was no CRPS after external 
fixation.

In the conservatively treated group 17 cases of CRPS (17/379 = 4.5%) occurred in 
comparison with one in case of CRPS in the operated group (1/48 = 2.1%, p=0.71). 
External fixation does not necessarily lead to a higher incidence of CRPS in distal radial 
fractures. Vitamin C may also play a role here. The post-hoc calculated power for finding a 
difference between the proportion of CRPS in the operated vitamin C group (0/37= 0%) 
and the proportion of CRPS in the operated non-vitamin C group (1/11= 9.1%) was 26% 
(alpha .05).

This subgroup analysis in operated distal radial fractures with an external fixator showed 
no CRPS occurrence with vitamin C prophylaxis. 
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CHAPTER 7 describes a case report of a late reconstruction of a traumatic trapeziometa-
carpal dislocation with a semi-constrained prosthesis. Traumatic dislocation of the trape-
ziometacarpal joint is rare. A stable reduction should be accomplished as soon as possible, 
usually with K-wiring. In this case of persistent instability a semi-constrained prosthesis was 
applied. The operation was performed as a day case under plexus anaesthesia and vitamin 
C prophylaxis. A cementless total trapezio-metacarpal joint prosthesis (Roseland prosthe-
sis) was implanted. This titanium alloy prosthesis has a partial hydroxyapatite coating and 
is semi-constrained. Postoperative treatment consisted of a plaster of Paris for 6 weeks. Six 
weeks later there was a stable situation, excellent function and high satisfaction rate, which 
persisted during the four years of follow-up. There were no signs of CRPS type I, nor did 
any other complication occur in that period.

CHAPTER 8 presents the results of a prospective study on trapeziometacarpal joint arthro-
plasty under vitamin C prophylaxis. Osteoarthritis of the trapeziometacarpal (TM) or first 
carpometacarpal joint (CMC I) is a common arthritic disease entity. Treatment is usually 
conservative. Possible surgical solutions are resection or interposition arthroplasty, fusion or 
arthrodesis and prosthetic joint replacement. These surgical procedures are associated with 
a high complication rate and complex regional pain syndrome (CRPS) type I might occur. 
From 2002 on we undertook a prospective cohort study under vitamin C prophylaxis and 
evaluated the clinical results after total joint arthroplasty.

Twenty-seven patients (21 females and 6 men) with trapeziometacarpal joint arthritis 
stage II or III (according to Dell) and no benefit from non-operative therapy were selected 
to undergo joint arthroplasty. Visual analogue scale (VAS) scores for pain, activities of daily 
living (ADL) and satisfaction were taken pre- and postoperatively, together with first web 
opening. Vitamin C 500 mg daily was started two days before surgery for a period of 50 
days.

We performed 32 arthroplasties for first carpometacarpal arthritis in these 27 patients 
using a cementless total trapeziometacarpal joint prosthesis (Roseland type). The degree of 
osteoarthritis according to Dell was stage II in 13 cases and stage III in 18. One patient had 
a traumatic dislocation of the trapeziometacarpal joint (see chapter 7). VAS scores for pain, 
daily functioning and satisfaction improved significantly after operation (p=0.000, paired 
t-test). First web opening increased with 180  (p=0.000, paired t-test). Complications oc-
curred in 5 of 32 surgical procedures (15.6%), without any infections. In three cases a 
revision (9.5%) to a resection arthroplasty was needed. We detected no cases of complex 
regional pain syndrome type I. The literature contains a report of a retrospective study with 
the same implant (N=38; no vitamin C prophylaxis), in which 5 cases of CRPS (13%) 
were recorded.
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Chapter 10 - Samenvatting (Summary in Dutch)

Vitamine C als preventie van CRPS-I in 
traumatologie en orthopedische chirurgie
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Inleiding (van HOOFDSTUK 1, 2 en 4)
Het Complex Regionaal Pijn Syndroom type I (CRPS-I) of Sympathische Reflex Dystrofie 
(SRD) is een aandoening die kan optreden na een trauma aan een arm of been, en wordt 
gekenmerkt door een combinatie van autonome, sensorische en vasomotore verschijnselen. 
Pijn, temperatuurverschil, bewegingsbeperking, kleurverandering, hyperesthesie, hyperal-
gesie, hyperpathie, tremor, onwillekeurige bewegingen, spierspasmen, paresen, pseudopa-
ralysen, huid-, spier- en botatrofie, hyperhidrosis en veranderingen in haar- en nagelgroei 
worden bij CRPS-I beschreven. Verschillende benamingen worden gebruikt voor CRPS-I 
of SRD, zoals posttraumatische dystrofie, causalgia van Mitchell en Sudeck’se dystrofie.

De pathogenese van CRPS is niet opgehelderd en ook is er geen eenduidige therapie 
voor dit syndroom. De morbiditeit, de kosten voor de gezondheidszorg en de kosten door 
werkverzuim, nopen tot preventie van posttraumatische dystrofie. De diagnose CRPS 
wordt klinisch gesteld. Er is geen universeel geaccepteerde groep van criteria om CRPS te 
diagnostiseren, maar in Nederland gaat de voorkeur uit naar de criteria van Veldman boven 
de criteria van de IASP (International Association for the Study of Pain). Deze IASP crite-
ria maken onderscheid tussen CRPS type I (de klassieke dystrofie of SRD), en type II, indien 
zenuwletsel aangetoond wordt (causalgie).

Polsfracturen komen veelvuldig voor. Indien als gevolg van een dergelijke fractuur, 
CRPS optreedt, dan heeft dit letsel voor de patiënt in kwestie, zijn sociale en werkomge-
ving, grote consequenties, zeker indien het  leidt tot een chronische aandoening. De nadruk 
dient derhalve te liggen op preventie. De associatie tussen de verschijnselen van een ontste-
kingsreactie in de eerste fase van een brandwond en SRD werd gelegd in het Rode Kruis 
Ziekenhuis in Beverwijk. In lijn hiermee is het voorstel van Goris om SRD te zien als een 
ernstig regionaal ontstekingssyndroom. 

HOOFDSTUK 2 is een samenvattting van de richtlijn ‘Complex Regionaal Pijn 
Syndroom Type I’ (www.cbo.nl). In 2003 startte de ontwikkeling van deze multidis-
ciplinaire evidence based richtlijn op initiatief van de Nederlandse Vereniging van 
Revalidatieartsen en de Nederlandse Vereniging voor Anesthesiologie, onder auspiciën van 
het Kwaliteitsinstituut voor de Gezondheidszorg CBO. De klinische diagnose CRPS wordt 
gesteld op basis van anamnese en lichamelijk onderzoek m.b.v. de criteria van Veldman 
en/of de IASP.

Voor pijnbestrijding wordt geadviseerd de WHO pijnladder tot en met de 2e trede te 
volgen. Bij pijn van neuropathische aard kunnen anti-convulsiva en tricyclische antidepres-
siva overwogen worden. 

Bij inflammatoire verschijnselen worden vrije-radicalenvangers geadviseerd. Bij patiën-
ten met CRPS-I gedurende een periode korter dan een jaar is dimethylsulfoxide (DMSO) 
crème 50% 5 maal daags (lokaal op de huid aan te brengen) gedurende 3 maanden aan te 
bevelen. Bij CRPS-I patiënten met een primaire koude huidtemperatuur kan n-acetylcyste-
ine 3 maal daags 600 mg gedurende 3 maanden overwogen worden. 
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Percutane sympathicus blokkades kunnen worden gebruikt bij een koude extremiteit 
indien vaatverwijdende medicatie onvoldoende effect sorteert. Ter verbetering van functie-
stoornissen worden fysiotherapeutische en ergotherapeutische behandeling geadviseerd.

CRPS-I treedt relatief vaak op na een polsfractuur. Voor primaire preventie van CRPS-I 
na polsfracturen wordt een dagelijkse dosering van 500 mg vitamine C gedurende 50 dagen 
aanbevolen. Een preventief en therapeutisch effect van mannitol bij CRPS-I is niet aange-
toond. CRPS-I komt bij kinderen minder vaak voor dan bij volwassenen, maar betreft dan 
veelal de onderste extremiteit. Behandeling met fysiotherapie en ergotherapie (als onderdeel 
van een multidisciplinaire behandeling) bij kinderen met CRPS-I wordt geadviseerd.

HOOFDSTUK 3 beschrijft de chemische pharmacodynamische en klinische aspecten van 
vitamine C (ascorbinezuur). Ascorbinezuur is een in water oplosbare vitamine en een orga-
nisch zuur dat beschermt tegen scheurbuik. De normale plasma concentratie van ascorbine-
zuur bedraagt circa 10-20 µg/ml; plasma concentraties lager dan 1-1,5 µg/ml gaan gepaard 
met scheurbuik. Scheurbuik gaat samen met een verminderde collageenproductie die zich 
uit in vertraagde wondgenezing, zwellingen en bloedingen van het tandvlees, rupturen van 
capillairen, leidende tot petechieën en ecchymosen.

De totale lichaamsvoorraad van ascorbinezuur wordt geschat op 1,5 gram met een da-
gelijkse turnover van 30-45 mg. De klinische symptomen van scheurbuik worden evident 
na 3-5 maanden van onvoldoende inname van ascorbinezuur – de totale lichaamsvoorraad 
is dan gereduceerd tot 300 mg. Een dagelijkse inname van 5-10 mg leidt tot een lichaams-
voorraad van 600 tot 1000 mg ascorbinezuur. Indien 60 mg vitamine C dagelijks wordt 
ingenomen (dit is de aanbevolen dagelijkse hoeveelheid) bereikt de plasmaconcentratie 
ongeveer 8 µg/ml en is de lichaamsvoorraad ongeveer 1500 mg. De plasma-halfwaardetijd 
(T1/2) voor vitamine C is bij mensen 16 dagen. De biologische beschikbaarheid is volledig 
bij een eenmalige dosering van 200 mg, overeenkomend met het bovenste gedeelte van de 
sigmoidale curve die was geconstateerd tussen dosis en steady-state plasmaconcentratie. Een 
evenwichtssituatie in menselijk plasma treedt op bij doses groter dan 200 mg ascorbinezuur 
(vitamine C) per dag.

Het wegvangen van radicalen door vitamine C stopt vrije radicaalreacties en voorkomt 
de voortgang van ketenreacties. Op deze wijze beschermt vitamine C het capillaire endo-
theel en circulerende cellen. Toediening van hoge dosis ascorbinezuur gedurende de eerste 
24 uur na een brandwond vermindert de infusiebehoefte significant en reduceert de toena-
me van het lichaamsgewicht door beperking van het (gegeneraliseerde) wondoedeem. Ook 
is bij deze patiënten de ernst van de respiratoire dysfunctie duidelijk verminderd.

Trauma en verwonding verbruiken in de mens grote hoeveelheden vitamine C. 
Vitamine C supppletie beschermt in vivo tegen door oxidanten gemedieerde beschadigin-
gen van endotheel. Orale voorbehandeling met vitamine C reduceert significant functio-
nele, immunologische en microvasculaire (oedeem) effecten van ischaemische reperfusie 
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stoornissen. In een experimenteel compartimentsyndroom-model werd aangetoond dat 
voorbehandeling met vitamine C leidde tot behoud van spierfunctie en vermindering van 
oedeem en infiltratie van neutrophielen.

De resultaten van twee gerandomiseerde klinische trials (RCT’s) die vitamine C en pla-
cebo met elkaar vergelijken in de preventie van complex regional pijn syndroom (CRPS) 
werden gepooled voor de analyse van het optreden van CRPS. De conclusie is dat vitamine 
C de kans voor het optreden van CRPS bij polsfracturen vermindert, als er wordt gestart 
met vitamine C op de dag van de fractuur in de dosering van 500 mg per dag gedurende 50 
dagen. De tweede gepoolde uitkomst betrof het relatieve risico op CRPS bij de patiënten 
met of zonder gipsklachten. Het risico op CRPS is groter bij patiënten met gipsklachten 
dan bij hen die geen gipsklachten hebben. De derde gepoolde uitkomst was het relatieve 
risico op CRPS bij vrouwen versus mannen. Het risico op CRPS is hoger voor vrouwelijke 
patiënten dan voor mannelijke.

De resultaten van onze eerste gerandomiseerde klinische trial worden beschreven in 
HOOFDSTUK 4. Aangezien er bewijs is dat hoge doses vitamine C een gunstig effect 
hebben bij brandwondenbehandeling in de shockperiode, hebben wij een studie opgezet 
om te onderzoeken of er bij polsfracturen een vergelijkbaar effect optreedt met als doel om 
CRPS te voorkomen. Onze hypothese was dat de incidentie van posttraumatische dystrofie 
na polsfracturen lager zou zijn in een groep patiënten behandeld met vitamine C dan in een 
groep behandeld met placebo.

In de periode juli 1995 tot augustus 1997 werden 123 patiënten met 127 conservatief 
behandelde polsfracturen dubbelblind gerandomiseerd tot het één maal dagelijkse gebruik 
van een capsule met 500 mg vitamine C of placebo gedurende 50 dagen. Van alle deelne-
mers werd notitie genomen van geslacht, leeftijd, fractuurzijde, dominantie, fractuurtype, 
mate van dislocatie, noodzaak tot repositie en eventuele gipsklachten, en ze werden klinisch 
gescoord voor CRPS. De follow-up bedroeg een jaar.

De vitamine-C-groep bestond uit 52 patiënten met 54 fracturen (22% man, 78% 
vrouw; gemiddelde leeftijd 57 jaar) en de placebogroep uit 63 patiënten met 65 fractu-
ren (20% man, 80% vrouw; gemiddelde leeftijd 60 jaar). Posttraumatische dystrofie trad 
bij 4 fracturen op in de vitamine-C-groep (7,4%) en bij 14 fracturen in de placebogroep 
(21,5%). Het risicoverschil was daarmee 14,1% (95%-betrouwbaarheidsinterval BI van 
1,9-26,3). Andere significante prognostische variabelen voor het optreden van CRPS zijn 
zogenaamde gipsklachten (relatief risico RR 5,9; 95%-BI 2,4-14,5) en fractuurtype (RR 
0,37; 95%-BI 0,2-0,9).

Concluderend laat deze prospectieve dubbelblinde studie zien dat het profylactisch 
toedienen van vitamine C aan patiënten met een polsfractuur de frequentie van CRPS doet 
verminderen (zie ook Ned Tijdschr Geneesk 2000; 144: 1631-5).
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De tweede gerandomiseerde klinische trial wordt beschreven in HOOFDSTUK 5. 
Vitamine C remt de vasculaire permeabiliteit en beschermt het endotheel. Het voorkomt 
mogelijk vasculaire dysfunctie en microangiopathie van inflammatoire herkomst zoals bij 
CRPS. Een beschermend effect van ascorbinezuur bij CRPS is beschreven, evenals een 
steady state in menselijk plasma bij doses groter dan 200 mg vitamine C per dag. Om een 
dosisgerelateerde werking te onderzoeken, werd een multicenter placebogecontroleerde 
dosis-respons studie opgezet met vitamine C bij polsfracturen,  met conservatieve en opera-
tieve behandeling.

Tussen januari 2001 en december 2004 werden 416 patiënten met 427 fracturen geïn-
cludeerd in een dubbelblind, prospectief, multicenter onderzoek met gerandomiseerde toe-
diening van placebo of vitamine C in een dagdosering van 200, 500 of 1500 mg, geduren-
de 50 dagen. 317 patiënten met 328 fracturen werden gerandomiseerd voor vitamine C en 
99 patiënten met evenzovele fracturen voor placebo. De prevalentie van CRPS was 2,4% (8 
van 328) in de vitamine C groep en 10,1% (10 van 99) in de placebogroep (p=0,002). Alle 
aangedane patiënten waren oudere vrouwen. Analyse van de verschillende doses vitamine C 
liet een CRPS prevalentie zien van 4,2% (4 van 96) in de 200 mg groep (relatief risico RR 
0,41; 95% betrouwbaarheidsinterval BI 0,13-1,27), 1,8% (2 van 114) in de 500 mg groep 
(RR 0,17; 95% BI 0,04-0,77), en 1,7% (2 van 118) in de 1500 mg groep (RR 0,17; 95% 
BI 0,04-0,75). Vroege klachten in gips zijn van voorspellende waarde voor het ontwikkelen 
van CRPS (RR 5,35; 95% BI 2,13-13,42).

Wij concluderen dat vitamine C de prevalentie van CRPS na polsfracturen reduceert en 
we bevelen de dagelijkse toediening van 500 mg vitamine C aan gedurende 50 dagen.

HOOFDSTUK 6 beschrijft een subgroepanalyse van onze tweede RCT (zie hoofdstuk 
5). Indien conservatieve behandeling van een polsfractuur niet mogelijk is, volgt er een 
gesloten repositie met externe fixatie, een gesloten repositie met interne fixatie of een open 
repositie met interne fixatie. Deze subgroep analyse bestaat uit patiënten met geopereerde 
distale radiusfracturen.

Een grote variatie in incidentie van CRPS na polsfracturen, van 1% tot wel 37% wordt 
in de literatuur beschreven. In het verleden werd er gesuggereerd dat externe fixatie zou 
leiden tot een hogere incidentie van CRPS (van 10% tot zelfs 60% in één studie). Een deel 
van het probleem doet zich voor in het feit dat er wereldwijd verschillende criteria worden 
gehanteerd om CRPS te diagnostiseren.

In onze multicenter dosis-respons studie waarbij patiënten met een fractuur van de dis-
tale radius werden gerandomiseerd voor placebo of vitamine C in een dagelijkse dosering 
van 200 mg, 500 mg of 1500 mg gedurende 50 dagen, werd deze geopereerde subgroep 
geanalyseerd.

Tussen januari 2001 en december 2004 werden prospectief 48 patiënten met fracturen 
geïncludeerd (van 427 fracturen), die een operatieve behandeling nodig hadden (11,2%). 
29 patiënten (60%) werden behandeld met een fixateur externe, 14 patiënten (29%) met 
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K-draden volgens Kapandji en 5 patiënten (10%) met een interne plaatfixatie. De overige 
379 fracturen werden met gips behandeld. In de geopereerde groep patiënten die vitamine 
C ontvingen werd geen CRPS (0/37) gezien in vergelijking met 1 geval van CRPS in de 
geopereerde groep die placebo ontving (1/11 = 9%, p = 0,23; Kapandji procedure). Er 
trad geen CRPS op na het plaatsen van een fixateur externe. In de conservatief behandelde 
groep werden 17 gevallen van CRPS (17/379 = 4,5%) aangetroffen in tegenstelling tot een 
geval van CRPS in de geopereerde groep (1/48 = 2,1%, p = 0,71). Externe fixatie leidt niet 
automatisch tot een hogere incidentie van CRPS bij distale radius fracturen. Vitamine C 
zou hierin ook een rol kunnen spelen. De post-hoc berekende power voor het aantrefffen 
van een verschil in proportie van CRPS in de geopereerde groep zonder vitamine C (1/11%  
= 9,1%) was 26% (alfa 0,05).

Deze subgroep analyse bij geopereerde distale radius fracturen met behulp van een fixa-
teur externe liet geen optreden van CRPS zien onder vitamine C profylaxe.

HOOFDSTUK 7 beschrijft een casus van een late reconstructie van een traumatische 
trapeziometacarpale luxatie met een semi-constrained prothese. Een traumatische luxatie 
van het trapeziometacarpale gewricht komt niet vaak voor. Een stabiele repositie dient zo 
spoedig mogelijk te worden verkregen, meestal met K-draden. In dit geval van persisterende 
instabiliteit werd een semi-constrained prothese geplaatst. De operatie werd uitgevoerd in 
dagbehandeling onder plexusanaesthesie en vitamine C profylaxe. Een ongecementeerde to-
tale trapeziometacarpale gewrichtsprothese (Roseland prothese) werd geïmplanteerd. Deze 
titanium prothese heeft een coating van hydroxy-apatiet. De post-operatieve behandeling 
bestond uit gips voor een periode van 6 weken. Nog eens 6 weken later was er sprake van 
een stabiele en excellente functie en grote mate van tevredenheid gedurende de 4 opeenvol-
gende jaren van follow-up. Er waren geen tekenen van CRPS type I en er deed zich in die 
periode ook geen enkele andere complicatie voor.

HOOFDSTUK 8 laat de resultaten zien van een prospectieve studie van een trapeziome-
tacarpale gewrichtsvervanging door een prothese onder vitamine C profylaxe. Arthrose van 
het trapeziometacarpale (TM) of het eerste carpo-metacarpale gewricht (CMC I) is een veel 
voorkomende vorm van arthrose. De behandeling is veelal conservatief. Mogelijke chirugi-
sche behandelingsalternatieven zijn een resectie-of interpositie arthroplastiek, een fusie of 
arthrodese, of een gewrichtsprothese. Deze chirurgische ingrepen kunnen gepaard gaan met 
diverse complicaties, waaronder complex regional pijn syndroom type I.

Vanaf 2002 verrichten wij een prospectief cohort onderzoek onder vitamine C profylaxe 
en evalueren de klinische resultaten van een totale gewrichtsprothese.

27 patiënten (21 vrouwen en 6 mannen) met trapeziometacarpale arthrose in stadium 
II of III (volgens Dell), die niet goed reageerden op conservatieve therapie, werden geselec-
teerd voor gewrichtsvervangende operatie. Visual analogue scale (VAS) scores voor pijn, da-
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gelijkse activiteiten (ADL) en tevredenheid werden pre-en postoperatief afgenomen, samen 
met de eerste straal opening (first web). Twee dagen voor de ingreep werd er gestart met een 
dagelijkse toediening van 500 mg vitamine C gedurende 50 dagen.

Er werden 32 gewrichtsvervangingen verricht voor CMC I arthrose bij deze 27 patiën-
ten met een ongecementeerde totale trapeziometacarpale prothese (type Roseland). De 
mate van arthrose volgens Dell was in 13 gevallen stadium II en in 18 gevallen stadium 
III. Een patiënte had een traumatische luxatie van het trapeziometacarpale gewricht (zie 
hoofdstuk 7). De VAS scores voor pijn, ADL en tevredenheid verbeterden significant na 
de operatie (p = 0,000, gepaarde t-test). De first web opening nam met 180 toe (p = 0,000, 
gepaarde t-test). Complicaties traden na 5 van de 32 ingrepen op (15,6%). Daarbij deden 
zich geen infecties voor. In drie gevallen was een revisie-ingreep nodig en werd een resec-
tie arthroplastiek (9,5%) uitgevoerd. Er werd geen CRPS type I vastgesteld. De literatuur 
maakt melding van een retrospectieve studie met hetzelfde implantaat (N=38; geen vita-
mine C profylaxe), waarbij in 5 gevallen CRPS werd vastgesteld (13%).
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Vitamin C als Prävention von CRPS Typ I in der 
Traumatologie und Orthopädische Chirurgie
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Einleitung (von KAPITEL 1, 2 und 4)
Das komplex-regionale Schmerzsyndrom (CRPS Typ-I), früher bekannt als 
Reflexdystrophie, kann auftreten nach einem Unfall oder einer Verletzung am Arm oder 
Bein und wird gekennzeichnet durch eine Kombination von autonomen, sensorischen und 
vasomotorischen Symptomen. Schmerzen, sowie Temperaturunterschiede, Bewegungsein-
schränkungen, Farbveränderungen, Hyperästhesie, Hyperalgesie, Hyperpathie, Tremoren, 
unwillkürliche Bewegungen, Muskelspasmen, Paresen, Pseudoparalysis, Haut- Muskel- und 
Knochenatrophie, Hyperhydrosis und Änderungen im Haar- und Nagelwuchs werden bei 
CRPS beschrieben.

Unterschiedliche Namen werden verwendet für CRPS-I oder Sympathische 
Reflexdystrophie (SRD) wie Posttraumatische Dystrophie, Kausalgie von Mitchell oder 
Sudeck-Dystrophie. Die Pathogenesis wurde bisher nicht aufgeklärt und es gibt auch keine 
bestimmte Therapie für dieses Syndrom. Morbidität, und Kosten für das Gesundheitswesen 
sowie der Arbeitsausfall, machen eine präventive Lösung von Posttraumatischer Dystrophie 
notwendig.

Die Diagnose CRPS wird klinisch gestellt. Es gibt kein universell akzeptiertes Set von 
Kriterien um CRPS zu diagnostizieren, aber in den Niederlanden gibt man den Kriterien 
von Veldman den Vorzug über den Kriterien der IASP (International Association for 
the Study of Pain). Diese IASP Kriterien machen einen Unterschied zwischen CRPS 
Typ I (die klassische Reflexdystrophie von Sudeck oder SRD), und Typ II, wenn eine 
Nervenverletzung besteht (Kausalgie).

Radiusfrakturen (Speichenbruch) kommen oft vor. Wenn dann CRPS auftritt und dies 
zu einem chronischen Bild führt, hat dies für den betroffenen Patienten in seiner sozi-
alen und Arbeitsumgebung große Folgen. Deshalb soll Prävention unser Ziel sein. Der 
Zusammenhang zwischen Erscheinungen einer Entzündung während der ersten Phase 
einer Brandwunde, und SRD wurde im Rotkreuzspital von Beverwijk erkannt. In diesem 
Zusammenhang wird SRD als ein ernsthaftes regionales Entzündungssyndrom betrachtet, 
wie es Goris vorgeschlagen hat. 

KAPITEL 2 ist eine Zusammenfassung der Richtlinie „Komplex-regionales 
Schmerzsyndrom Typ I“ (www.cbo.nl).  Im Jahr 2003 startete diese multidisziplinäre 
Evidence based Richtlinie auf Grund der Initiative der Niederländischen Vereinigung von 
Rehabilitationsärtzen und der Niederländischen Vereinigung für Anästhesiologie, unter den 
Auspizien des Kwalitätsinstitutes für die Gesundheit (CBO).

Die Diagnose CRPS wird normal gestellt auf Grund der Anamnese und körperlicher 
Untersuchung. Diese klinische Diagnose CRPS wird aufgestellt mit Hilfe der Kriterien von 
Veldman und deren der IASP.

Gegen Schmerzen wird empfohlen die WHO Schmerztabelle bis und mit Stufe 2 zu 
befolgen. Bei Schmerzen neuropathischer Art können anti-convulsiva und trizyklische 
Antidepressiva in Erwägung gezogen werden.
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Bei inflammatorischen Symptomen werden Freie-Radikalfänger empfohlen. Bei 
Patienten mit CRPS-I kürzer dauernd als ein Jahr ist Dymethylsulfoxyd (DMSO) Krem 
50% 5 mal täglich (lokal applizieren auf der Haut) während 3 Monaten zu empfeh-
len. Bei CRPS-I Patienten mit einer primären kalten Hauttemperatur kann erwogen 
werden während 3 Monaten N-Azetyl-Zystein 3 dd 600 mg einzunehmen. Perkutane 
Sympathikus Blockierungen können verwendet werden bei einer kalten Extremität falls 
gefässerweiterende Medikation sich ungenügend effektiv erweist. Zur Verbesserung von 
Funktionsstörungen werden physiotherapeutische und ergotherapeutische Behandlungen 
empfohlen.

CRPS-I tritt häufig auf nach einer Fraktur des distalen Radius. Für primäre Prävention 
von CRPS Typ I nach solchen Frakturen werden tägliche Dosierungen von 500 mg 
Vitamin C, während 50 Tagen empfohlen.

CRPS-I kommt bei Kindern weniger häufig vor als bei Erwachsenen, aber falls, dann 
betrifft es öfter die untere Extremität. Bei diesen Kindern werden Behandlungen mittels 
Physiotherapie und Ergotherapie (als Bestandteil einer multidisziplinären Behandlung) 
empfohlen. Eine präventive und therapeutische Wirkung von Mannitol bei CRPS-I konnte 
nicht erwiesen werden. 

KAPITEL 3 beschreibt die chemische, pharmakodynamische und klinische Aspekte von 
Vitamin C (Ascorbinsäure). Ascorbinsäure ist ein wasserlösliches Vitamin und eine organi-
sche Säure welche das Auftreten von Skorbut verhütet.

Die normale Plasmakonzentration von Ascorbinsäure beträgt zirka 10-20 µg /ml; 
Plasma-Konzentrationen unter 1-1,5 µg /ml verursachen Skorbut. Skorbut kennzeich-
net sich durch eine herabgesetzte Kollagenproduktion die sich äußert in verzögernder 
Heilung von Wunden, Schwellungen und Blutungen des Zahnfleischs, und Rupturen 
von Kapillaren welche zu Petechien und Ecchymosen führen. Die gesamte Körpermenge 
von Ascorbinsäure schätzt man auf 1,5 Gramm, mit einem täglichen Verlauf von 30-45 
mg. Die klinischen Symptomen von Skorbut werden evident nach 3-5 Monaten insuffi-
zienter Aufnahme von Ascorbinsäure – der gesamte Körpervorrat ist somit reduziert auf 
300 mg. Eine tägliche Einnahme von 5 – 10 mg führt zu einem Körpervorrat von 600 
bis 1000 mg Ascorbinsäure. Falls täglich 60 mg Vitamin C eingenommen wird (dies ist 
die allgemeine Empfehlung) erreicht die Plasmakonzentration etwa 8 µg /ml und somit 
kommt der Körpervorrat auf 1500 mg. Die Halbwertzeit von Vitamin C im menschlichen 
Körper beträgt 16 Tage. Die biologische Verfügbarkeit ist vollständig bei einer einmaligen 
Dosierung von 200 mg übereinstimmend mit dem oberen Teil der sigmoidaler Kurve. Ein 
Gleichgewichtszustand im menschlichen Plasma tritt auf bei Dosierungen größer als 200 
mg Ascorbinsäure (Vitamin C) pro Tag.

Das Abfangen von Radikalen durch Vitamin C stoppt freie Radikal Reaktionen und 
verhindert eine Fortsetzung von Kettenreaktionen. Auf diese Weise schützt Vitamin C 
das kapillare Endothel und zirkulierende Zellen. Einnahme hoher Dosierungen von 



139

Zusammenfassung (Summary in German)

Ascorbinsäure während den ersten Stunden nach einer Verbrennungsverletzung reduziert 
signifikant den Infusionsbedarf und bringt das Körpergewicht herunter durch Reduzierung 
des Ödems. Auch wird bei diesen Patienten die Schwere der respiratoren Dysfunktion 
deutlich herabgesetzt.

Unfallszustand und Verletzung verbrauchen hohe Mengen an Vitamin C im menschli-
chen Körper. Vitamin C Ergänzung schützt „in Vivo“ gegen Beschädigungen des Endothel, 
hervorgerufen durch Oxydanten. Orale Vorbehandlung mit Vitamin C reduziert signifi-
kant funktionelle, immunologische und mikrovaskuläre Ödemeffekte der ischaemischen 
Reperfusionsstörungen. In einem Modell für Kompartimentssyndrom wurde erwiesen dass 
eine Vorbehandlung mit Vitamin C zu einem Erhalt der Muskelfunktion führte sowie auch 
zu einer Herabsetzung der Infiltration von Neutrophilen und von Ödem.

Die Ergebnisse von zwei klinisch randomisierten Studien (RCT) welche Vitamin C und 
ein Placebo miteinander vergleichen in der Prävention von CRPS, wurden zum Vergleich 
mitbezogen mit der Analyse für das Auftreten von CRPS. Die Schlussfolgerung laute-
te dass die Chance für das Auftreten von CRPS bei distaler Radiusfraktur herabgesetzt 
wurde, wenn am Tag der Fraktur gestartet wird mit einer Dosierung von 500 mg Vitamin 
C pro Tag während 50 Tage. Das zweite Vergleichsresultat betraf das relative Risiko von 
CRPS bei Patienten mit oder ohne Beschwerden im Gips. Das Risiko auf CRPS ist größer 
bei Patienten mit Gipsbeschwerden, als bei Patienten ohne Gipsbeschwerden. Das drit-
te Ergebnis aus dem Vergleich betrifft das relative Risiko auf CRPS bei Frauen gegenüber 
Männern. Das Risiko auf CRPS ist bei weiblichen Patienten größer als bei männlichen 
Patienten.

KAPITEL 4 beschreibt die Ergebnisse unserer ersten klinischen randomisierten Studie. Da 
erwiesen ist, dass hohe Dosierungen von Vitamin C einen günstigen Effekt haben bei der 
Behandlung von Brandwunden in der Schockperiode, haben wir eine Studie gemacht um 
bei Frakturen des distalen Radius einen vergleichenden Effekt zu untersuchen, mit dem 
Ziel das Auftreten von CRPS zu verhindern. Unsere Hypothese war diejenige, dass die 
Häufigkeit der Fälle von posttraumatischer Dystrophie nach distaler Radiusfraktur, niedri-
ger sein würde in einer Gruppe von Patienten die behandelt wurden mit Vitamin C als in 
einer Gruppe von Patienten behandelt mit einem Placebo.

In der Periode Juli 1995 bis August 1997 wurden 123 Patienten mit 127 konservativ 
behandelten Frakturen des distalen Radius in einer randomisierten Doppelblindstudie 
bestimmt zur täglichen Einnahme einer Kapsel mit 500 mg Vitamin C oder mit ei-
nem Placebo und das während 50 Tagen. Von allen teilnehmenden Patienten wur-
den Geschlecht, Alter, Frakturseite, Dominanz, Frakturtyp, Grad der Dislokation, 
Notwendigkeit zur Reposition und Gipsbeschwerden notiert. Zudem wurden die Patienten 
klinisch beurteilt auf CRPS. Das Follow-up betrug ein ganzes Jahr.
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Die Vitamin-C-Gruppe bestand aus 52 Patienten mit 54 Frakturen (22% männlich, 
78% weiblich; durchschnittliches Alter 57 Jahren). Die Placebo-Gruppe bestand aus 63 
Patienten mit 65 Frakturen (20% männlich, 80% weiblich; durchschnittliches Alter 60 
Jahren). Posttraumatische Dystrophie trat auf bei 4 Frakturen in der Vitamin C-Gruppe 
(7%) und bei 14 Frakturen in der Placebo-Gruppe (22%). Der Unterschied im Risiko 
betrug daher 15% (95% Zuverlässigkeitsinterval ZI von 2 – 26). Andere signifikante pro-
gnostische Variablen für das Auftreten von CRPS sind die Beschwerden die man hat unter 
dem Gipsverband (Relatives Risiko RR 0,17 [0,07-0,41]) und Frakturtyp (RR 0,37 [0,16 
- 0,89]).

Diese prospektive randomisierte Doppelblindstudie zeigt das Vitamin C die Frequenz 
des Auftretens von CRPS herabsetzt nach einer distalen Radiusfraktur.

Die zweite klinische randomisierte Studie wird in KAPITEL 5 beschrieben. Vitamin 
C bremst die vaskuläre Permeabilität und schützt das Endothel und kommt vaskuläre 
Dysfunktion sowie auch Mikroangiopathie einer inflammatoren Reaktion zuvor, wie in 
CRPS. Ein schützender Effekt gegen CRPS durch Ascorbinsäure und ein steady State von 
Vitamin C in menschlichem Plasma bei Dosierungen höher als 200 mg pro Tag wurden 
beschrieben. Um eine, an der Dosierung relatierte, Wirkung zu untersuchen, wurde ein 
Multicenter Placebo kontrollierte Dosis-Respons Studie aufgestellt mit Vitamin C bei di-
stalen Radiusfrakturen mit sowohl konservativer als auch operativer Behandlung.

Zwischen Januar 2001 und Dezember 2004 wurden 416 Patienten mit 427 Frakturen 
des distalen Radius einbezogen in einer doppelblind ausgeführten prospektive Multicenter 
Untersuchung mit einer randomisierten Verabreichung von Placebo oder Vitamin C in ei-
ner Tagesdosierung von 200, 500 oder 1500 mg während 50 Tagen. 317 Patienten mit 328 
Frakturen wurden willkürlich ausgewählt für Vitamin C Verabreichung und 99 Patienten 
mit ebenso vielen Frakturen für eine Verabreichung von Placebo. Die Prävalenz für CRPS 
betrug 2,4% (8 von 328) in der Vitamin C Gruppe und 10,1% (10 von 99) in der Placebo 
Gruppe (p = 0,002); alle bezogenen Patienten waren ältere weibliche Personen. Analyse der 
verschiedenen Dosierungen von Vitamin C zeigte eine Prävalenz für CRPS von 4,2% (4 
von 96) in der 200 mg Gruppe (Relatives Risiko RR 0,41; 95% Zuverlässigkeits-Intervall 
ZI 0,13 – 1,27), 1,8% (2 von 114) in der 500 mg Gruppe (RR 0,17; 95% ZI 0,04 
– 0,77), und 1,7% (2 von 118) in der 1500 mg Gruppe (RR 0,17 ; 95% ZI 0,04 – 0,75). 
Beschwerden in Gips im Frühstadium haben voraussagbaren Wert für das Auftreten von 
CRPS (RR 5,35; 95% ZI 2,13 – 13,42).

Wir ziehen daraus die Schlussfolgerung dass Vitamin C die Prävalenz für CRPS nach 
einer distalen Radiusfraktur reduziert und wir empfehlen die tägliche Dosierung von 500 
mg Vitamin C während 50 Tagen.
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KAPITEL 6 beschreibt eine Analyse einer Untergruppe unserer zweiten klinischen ran-
domisierten Studie (siehe dazu Kapitel 5). Für den Fall dass eine konservative Behandlung 
eines Bruches der Speiche (distalen Radiusfraktur) nicht möglich ist, folgt eine geschlosse-
ne Reposition mit externer Fixierung, eine geschlossene Reposition mit interner Fixierung 
oder eine offene Reposition mit interner Fixierung. Diese Untergruppenanalyse besteht aus 
Patienten mit operierten distalen Radiusfrakturen.

Eine große Variation in der Inzidenz von CRPS nach distalen Radiusfrakturen wird in 
der Literatur beschrieben von 1 bis sogar 37%. In der Vergangenheit wurde angenommen 
dass externe Fixierungen zu einer höheren Inzidenz von CRPS führen würden (von 10% 
bis sogar 60%). Ein Teil des Problems entsteht in der Tatsache, dass weltweit verschiedene 
Kriterien gehandhabt werden um CRPS zu diagnostizieren.

In unserer Multicenter Dosis-Wirkungsanalyse wo Patienten mit einer Fraktur von 
distalen Radius willkürlich ausgewählt wurden für Placebo oder Vitamin C bei einer täg-
lichen Dosierung von 200, 500 oder 1500 mg während 50 Tagen, wurde die Gruppe ope-
rierter Patienten analysiert.

Zwischen Januar 2001 und Dezember 2004 wurden prospektiv 48 Patienten mit 
Frakturen einbezogen (von 427 Frakturen), bei denen eine operative Behandlung notwen-
dig war (11,2%). Von denen wurden 29 Patienten (60%) behandelt mit einer Fixateur 
externe, 14 Patienten (29%) mit Kirschnerdrähten nach Kapandji und 5 Patienten (10%) 
mit einer Plattenosteosynthese. Die übrigen 379 Frakturen wurden mit einem Gipsverband 
behandelt.

Bei den Patienten aus der Gruppe der operierten, welche Vitamin C erhielten wur-
de kein CRPS (0/37) gefunden im Vergleich mit einem Fall von CRPS in der operierten 
Gruppe welche Placebo verabreicht bekam (1/11 = 9%, p = 0,23; Kapandji-Technik). Es 
gab kein CRPS nach einer externen Fixierung. In der Gruppe konservativ behandelter 
Patienten wurden 17 Fälle von CRPS (17/379 = 4,5%) aufgefunden im Gegensatz zu ei-
nem Fall von CRPS in der operierten Gruppe (1/48 = 2,1%, p = 0,71). Externe Fixierung 
führt nicht automatisch zu einer höheren Inzidenz von CRPS bei distalen Radiusfrakturen. 
Vitamin C könnte auch hier eine Rolle spielen. Die post-hoc errechnete power Analyse 
zum Antreffen eines Unterschiedes in Proportion von CRPS in der operierten Vitamin C 
Gruppe (0/37) und Proportion von CRPS in der operierten Gruppe ohne Vitamin C (1/11 
= 9%) betrug 26% (Alfa 0,05).

Diese Untergruppenanalyse bei operierten distalen Radiusfrakturen mit Hilfe einer ex-
ternen Fixierung, zeigte kein Auftreten von CRPS mit Vitamin C Prophylaxe.

KAPITEL 7 Beschreibt einen Fall einer späten Rekonstruktion einer traumatischen tra-
pezio- metacarpalen Luxation mit einer semi-constrained Prothese. Eine traumatische 
Luxation des trapeziometacarpalen Gelenkes kommt nicht oft vor. Eine stabile Reposition 
soll so schnell wie möglich stattfinden, meistens mit Kirschnerdrähten. In diesem Fall von 
persistierender Instabilität, wurde eine semi-constrained Prothese plaziert. Die Operation 
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wurde ausgeführt in einer Tagesbehandlung unter Plexusanästhesie und Vitamin C 
Prophylaxe. Eine unzementierte totale trapeziometacarpale Gelenkprothese (Typ Roseland) 
wurde implantiert. Diese Titanium Prothese hat eine Beschichtung von Hydroxy-apa-
tit. Die postoperative Behandlung bestand aus einem Gipsverband während 6 Wochen. 
Nochmals 6 Wochen später war eine stabile Situation entstanden mit ausgezeichneter 
Funktion und ein hohes Maß an Zufriedenheit wurde festgestellt, auch während Follow-up 
in den vier darauf folgenden Jahren. Es gab keine Anzeichen für CRPS Typ I und es gab 
auch keinerlei Komplikationen.

In KAPITEL 8 zeigen wir die Resultate einer prospektiven Studie eines trapeziometa-
carpalen Gelenkersatzes durch eine Prothese unter Vitamin C Prophylaxe. Arthrose des 
trapeziometacarpalen (TM) oder des ersten carpometacarpalen (CMC I) Gelenkes ist eine 
häufig auftretende Form von Arthrose. Die Behandlung ist meistens konservativ. Mögliche 
alternative chirurgische Behandlungen bestehen aus einer Resektions-Arthroplastik, einer 
Interpositions-Arthroplastik, einer Fusion oder Arthrodese und einem prosthetischen 
Gelenkersatz. Diese chirurgische Eingriffe zeigen eine hohe Rate von Komplikationen wie 
z.B. komplex-regionales Schmerzsyndrom (CRPS Typ I).

Seit 2002 machen wir eine prospektive Cohort Studie unter Vitamin C Prophylaxe 
und wir bewerten die klinischen Resultate einer totalen Gelenkprothese. 27 Patienten 
(21 weiblich, 6 männlich) mit trapeziometacarpale Arthrose im Stadium II oder III 
nach Dell, welche nicht gut reagierten auf konservative Therapie, wurden ausgewählt 
für eine Gelenkersatz Operation. Die Werte der Visuellen Analogen Skala (VAS) für 
Schmerzempfinden, tägliche Aktivitäten (ADL) und Zufriedenheit wurden pre- und post-
operativ festgestellt, zusammen mit der ersten Strahl Öffnung (first Web). Zwei Tage vor 
dem Eingriff starteten wir mit einer täglichen Verabreichung von 500 mg Vitamin C wäh-
rend 50 Tagen.

Es wurden 32 Gelenkersatz Operationen vorgenommen für CMC I Arthrose bei die-
sen 27 Patienten mit einer unzementierten totalen trapeziometacarpalen Prothese (Typ 
Roseland). Das Maß für Arthrose nach Dell betrug in 13 Fällen Stadium II und in 18 
Fällen Stadium III. Eine Patientin hatte eine traumatische Luxation des trapeziometacarpa-
len Gelenkes (Siehe Kapitel 7).

Die VAS Ergebnisse für Schmerzempfinden, ADL und Zufriedenheit verbesserten 
sich signifikant nach der Operation (p = 0,000, paired t-Test). Die erste Strahl Öffnung 
nahm mit 180 zu (p = 0,000, paired t-Test). Komplikationen traten auf bei 5 von den 32 
Eingriffen (15,6%). Dabei gab es keine Infektionen. In 3 Fällen war ein Revisions-Eingriff 
notwendig und es wurde eine Resektions-Arthroplastik (9,5%) ausgeführt. Es wurde kein 
CRPS Typ I festgestellt. Die Literatur vermeldet eine Retrospektive Studie mit demselben 
Implantat (N = 38; keine Vitamin C Prophylaxe) wobei in 5 Fällen CRPS festgestellt wur-
de (= 13%).
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Addendum 1 Abbreviations and glossary

List of abbreviations

ARDS   Acute Respiratory Distress Syndrome

CRPS   Complex Regional Pain Syndrome

 Type I  classic dystrophy; known as reflex sympathetic dystrophy or  
   posttraumatic dystrophy

 Type II  caused by nerve injury; known as causalgia

IASP   International Association for the Study of Pain

IRI   Ischemia-Reperfusion Injury

MODS   Multiple Organ Dysfunction Syndrome

MOF   Multiple Organ Failure

MPO   myeloperoxidase

RCT   Randomised Clinical Trial

RDA   Recommended Dietary Allowance (sometimes referred
   to as Recommended Daily Allowance) is defined as the average  
   daily dietary intake level that is sufficient to meet the nutrient  
   requirements of nearly all (approximately 98%)  healthy   
   individuals

RSD   Reflex Sympathetic Dystrophy

SIRS   Systemic Inflammatory Response Syndrome
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Glossary

Allodynia  evident pain in response to a non-painful stimulus

Anaesthesia  complete loss of sensitivity (painless)

Causalgia  burning pain and hyperalgesia in the course of an affected   
   peripheral nerve

Dysaesthesia  abnormal sensation, described as ‘pins and needles’*;   
   unpleasant and nagging sensation, but not really painful   
   (synonymous with paraesthesia)

Hypaesthesia  diminished non-painful sensitivity

Hyperalgesia  painful sensation; slight contact with the skin causes obvious  
   pain; characterized as lowered pain threshold with elevated   
   pain response to normal stimulus

Hyperpathy  prolonged pain in response to stimulus

Neuromatous pain sensitive area following local peripheral nerve condition;   
   percussion of the neuroma causes paraesthesia in the area of the  
   affected nerve

Paraesthesia  or paresthesia (U.S.); synonymous with dysaesthesia

Sudomotor activity sweat secretion; caused by changes to sweat secretion and/or  
   asymmetry in sweat secretion

* Not to be confused with ‘Needles and Pins’, song by Jack Nitzsche and Sonny Bono, 1963.
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Addendum 2 Criteria and definitions for RSD or CRPS

There are different criteria and definitions for Reflex Sympathetic Dystrophy (RSD) and 
Complex Regional Pain Syndrome (CRPS).

Veldman diagnostic criteria for RSD (Veldman et al. 1993)
4 or 5: 
 Unexplained diffuse pain 
 Difference in skin colour relative to other limb 
 Diffuse oedema 
 Difference in skin temperature relative to other limb 
 Limited active range of motion
Occurrence or increase of above signs and symptoms after use
Above signs and symptoms present in an area much larger than the area of   
primary injury or operation and including the area distal to the primary injury

Veldman PHJM, Reynen HM, Arntz IE, Goris RJA. Signs and symptoms of reflex sympa-
thetic dystrophy: prospective study of 829 patients. Lancet 1993; 342:1012-6.
[also called by Goris ‘Nijmegen diagnostic criteria for RSD’]

IASP criteria for CRPS (Merskey et al. 1994)
International Association for the Study of Pain (IASP) diagnostic criteria for CRPS-I:

The presence of an initiating noxious event, or a cause of immobilization
Continuing pain, allodynia, or hyperalgesia with which the pain is disproportionate to 
any inciting event
Evidence at some time of edema, changes in skin blood flow, or abnormal sudomotor 
activity in the region of the pain
This diagnosis is excluded by the existence of conditions that would otherwise account 
for the degree of pain and dysfunction

Note: Criteria 2-4 must be satisfied

CRPS-II
1. develops after a nerve injury

Merskey H, Bogduk N, editors. Classification of chronic pain: descriptions of chronic pain 
syndromes and definitions of pain terms. 2nd ed. Seattle: IASP Press, 1994.

1.

2.
3.

1.
2.

3.

4.
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Proposed modified research criteria for CRPS-I (Bruehl et al. 1999)
Proposed modified research diagnostic criteria for CRPS

Continuing pain which is disproportionate to any inciting event.
Must report at least one symptom in each of the following categories:  
Sensory: Reports of hyperesthesia. 
Vasomotor: Reports of temperature asymmetry and/or skin color changes and/or skin 
color asymmetry. 
Sudomotor/Edema: Reports of edema and/or sweating changes and/or sweating asym-
metry. 
Motor/Trophic: Reports of decreased range of motion and/or motor dysfunction (weak-
ness, tremor, dystonia) and/or trophic changes (hair, nails, skin).
Must display at least one sign in two or more of the following categories: 
Sensory: Evidence of hyperalgesia (to pinprick) and/or allodynia (to light touch). 
Vasomotor: Evidence of temperature asymmetry and/or skin color changes and/or asym-
metry. 
Sudomotor/Edema: Evidence of edema and/or sweating changes and/or sweating asym-
metry. 
Motor/Trophic: Evidence of decreased range of motion and/or motor dysfunction 
(weakness, tremor, dystonia) and/or trophic changes (hair, nails, skin).

Bruehl S, Harden RN, Galer BS, Saltz S, Bertram M, Backonja M, Gayles R, Rudin 
N, Bhugra MK, Stanton-Hicks M. External validation of IASP diagnostic criteria for 
Complex Regional Pain Syndrome and proposed research diagnostic criteria. International 
Association for the Study of Pain. Pain 1999; 81:147-54.

New criteria according to the Budapest Task Force (Baron et al. 2005)
Categories of clinical signs or symptoms

Positive sensory abnormalities 
 - spontaneous pain, mechanical hyperalgesia, thermal hyperalgesia, deep somatic 
 hyperalgesia, vascular abnormalities, vasodilation, vasoconstriction, skin- 
 temperature asymmetries, skin-colour changes, oedema/sweating abnormalities,  
 swelling, hyperhidrosis, hypohidrosis
Motor (M) or Trophic (T) changes: 
 - motor weakness (M), tremor (M), dystonia (M), coordination deficits (M), nail  
 or hair changes (T), skin atrophy (T), joint stiffness (T), soft-tissue changes (T)

 Interpretation
 Clinical use >/= 1 symptoms of >/= 3 categories each AND >/= 1 signs of >/=2  
 categories each
 Sensitivity 0.8, specifity 0.60 Research use >/=1 symptoms in each of the categories  
 AND >/= 1 signs of >/=2 categories each

1.
2.

3.

1.

2.
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Baron R, Jänig W. Complex regional pain syndromes – how do we escape the diagnostic 
trap? Comment in Lancet 2005; 364:1739-41.
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Addendum 3 Levels of evidence for primary research question

 Types of Studies

 

Therapeutic Studies
Investigating the Results of 

Treatment

Prognostic Studies
Investigating the Effect of a 
Patient Characteristic on the 

Outcome of Disease

Diagnostic Studies
Investigating a 
Diagnostic Test

Economic and Decision Analyses
Developing an Economic or 

Decision Model

Level I High-quality randomized control-
led trial with statistically signifi-
cant difference or no statistically 
significant difference but narrow 
confidence intervals

Systematic review2 of Level-I 
randomized controlled trials (and 
study results were homogeneous3)

High-quality prospective 
study4 (all patients were 
enrolled at the same point in 
their disease with ≥80% fol-
low-up of enrolled patients)

Systematic review2 of Level-I 
studies

Testing of previously 
developed diagnostic 
criteria in series of con-
secutive patients (with 
universally applied refer-
ence “gold” standard)

Systematic review2 of 
Level-I studies

Sensible costs and alternatives; 
values obtained from many studies; 
multiway sensitivity analyses

Systematic review2 of Level-I 
studies

Level II Lesser-quality randomized 
controlled trial (e.g., <80% fol-
low-up, no blinding, or improper 
randomization)

Prospective4 comparative study5

Systematic review2 of Level-II 
studies or Level-I studies with 
inconsistent results

Retrospective6 study
Untreated controls from a 
randomized controlled trial
Lesser-quality prospective 
study (e.g., patients enrolled 
at different points in their 
disease or <80% follow-up)

Systematic review2 of Level-II 
studies

Development of diag-
nostic criteria on basis 
of consecutive patients 
(with universally ap-
plied reference “gold” 
standard)

Systematic review2 of 
Level-II studies

Sensible costs and alternatives; val-
ues obtained from limited studies; 
multiway sensitivity analyses

Systematic review2 of Level-II 
studies

Level III Case-control study7

Retrospective6 comparative study5

Systematic review2 of Level-III 
studies Case-control study7

Study of nonconsecutive 
patients (without con-
sistently applied refer-
ence “gold” standard)

Systematic review2 of 
Level-III studies

Analyses based on limited alterna-
tives and costs; poor estimates

Systematic review2 of Level-III 
studies

Level IV Case series8 Case series Case-control study

Poor reference standard

No sensitivity analyses

Level V Expert opinion Expert opinion Expert opinion Expert opinion

A complete assessment of the quality of individual studies requires critical appraisal of all aspects of the study design.
A combination of results from two or more prior studies.
Studies provided consistent results.
Study was started before the first patient enrolled.
Patients treated one way (e.g., with cemented hip arthroplasty) compared with patients treated another way (e.g., with cementless hip 
arthroplasty) at the same institution.
Study was started after the first patient enrolled.
Patients identified for the study on the basis of their outcome (e.g., failed total hip arthroplasty), called “cases,” are compared with those 
who did not have the outcome (e.g., had a successful total hip arthroplasty), called “controls.”
Patients treated one way with no comparison group of patients treated another way. 

This chart was adapted from material published by the Centre for Evidence-Based Medicine, Oxford, UK. For more information, please see 
www.cebm.net.

1.
2.
3.
4.
5.

6.
7.

8.
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Addendum 4 Names

Name    word by which a person, thing or idea is denoted; 
   reputation, fame; lineage, ancestry
Call names   abuse; insult
Name-dropping  the practice of casually mentioning the names of famous people  
   one knows or claims to know in order to impress others 
What’s in a name?  My name is Paul Zollinger. Friends call me Van Zol.
   During the last few years some have written my name...

Solinger

Sollinger

Zölliger

Selingen

Zöllinger

Solingens

Zollemans

Van Zollinger

Zallinger

Zollerman

Zonderling

Zolinger

Zonneveld

Zoninger

Zoningen

Jolig

Zonnevang

Sonneberg

Zolliger

Sonning

Zollingen

Sullinger

Zwollinger

Zollingern

Zolingen

Sonnengen

Zollinge

Zollenaar

Soling

Zollingener

Zollengen

Swollinger

Zonneberg

Van Zoniger

Rollinger

Zollginger

Zolliner

Lollinger

Sonnema

Sollinge
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Complex regional pain syndrome type I (CRPS-I), formerly known as 
Reflex Sympathetic Dystrophy, can occur after a trauma to an arm or leg. 
CRPS is frequently seen after wrist fractures. The diagnosis of  CRPS is 
based on clinical signs and symptoms. According to Veldman et al. it is 
characterized by unexplained diffuse pain, differences in skin colour and 
temperature relative to the other limb, diffuse oedema, and limited ac-
tive range of  motion. These signs and symptoms occur or increase after 
use and are present in an area larger than the area of  primary trauma.

CRPS is one of  the most important causes of  invalidation after an injury 
to an extremity and the therapy is difficult, time consuming and costly. 
When it occurs it has a devastating impact on the patient in personal, 
social and economic view. The emphasis of  treatment should therefore 
be on prevention.

This thesis, by orthopaedic surgeon Paul Zollinger, gives an overview of  
the evidence-based therapy of  CRPS in an outline of  the Dutch clinical 
practice guideline ‘Complex regional pain syndrome type I’. A general 
exposé on the chemical, pharmacodynamic and clinical aspects of  vita-
min C (ascorbic acid) is presented.

In two placebo-controlled randomized clinical trials Zollinger et al. show 
that 500 mg vitamin C daily, reduces the chance for the occurrence of  
CRPS after wrist fractures. In addition, this application of  vitamin C is 
proposed in hand surgery as well. 

An alphabetical list of  the relevant literature and summaries in English, 
Dutch and German complete this book on CRPS, which may be of  
interest for a variety of  health care professionals (general practitioners, 
physiotherapists, trauma and orthopaedic surgeons, etc.).

 




