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Abstract

Background Complex regional pain syndrome is a well-

known complication after distal radius fracture with inci-

dence ranging from 10.5 to 37 %. Some studies recom-

mend the use of vitamin C to prevent complex regional

pain syndrome. The objective of this meta-analysis was to

evaluate the efficacy of vitamin C in prevention of CRPS.

Methods We searched the PubMed, EMBASE and

Cochrane library databases for randomized controlled trial

(RCT) and comparative studies reporting use of vitamin C

to prevent distal radius fracture. Dichotomous variable was

presented as risk ratio with 95 % confidence intervals.

Results We obtained 220 articles from the database

search. After the exclusion of duplicates, unrelated articles,

letter to editor and editorials, we found four articles rele-

vant to our topic. Meta-analysis of the CRPS incidence

revealed that the incidence of CRPS was significantly

lower in the vitamin C group [RD 0.41 (0.19–0.92),

P = 0.03]. There was moderate to high heterogeneity in

the studies included I2 = 63 %).

Conclusions Our analysis showed a significant reduction

in prevalence of CRPS with the use of vitamin C. Further

high-quality RCTs with standard dosages and common

diagnostic criteria are needed to be able to deliver solid

conclusions.
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Introduction

Complex regional pain syndrome (CPRS) is a devastating

condition, common after distal radius fractures. Its inci-

dence has been reported to be 10.5–37 % [1, 2]. CPRS is

characterized by unexplained pain and swelling, vasomotor

instability and loss of joint mobility [3]. The primary eti-

ology is some kind of trauma. Patient complain of edema,

swelling, pain, sudomotor and motor dysfunctions. Prog-

nosis of this condition is good if treated early; however, it

becomes poor if managed late [3]. It is also one of the

common causes of lawsuits and worker’s compensation

cases. Therefore, prevention of this condition is of para-

mount importance to the both surgeon and patients. The

use of vitamin C in prevention of CRPS is a topic of

debate. Some studies have suggested its role in prevention

of CPRS [4–6]. However, a more recent randomized con-

trolled trial (RCT) has shown no benefit of giving vitamin

C for the purpose of prevention of CRPS [7].

The objective of this meta-analysis was to evaluate the

efficacy of vitamin C in prevention of CRPS.

Methods

Data sources and searches

Electronic databases including PubMed, EMBASE and the

Cochrane central register of controlled trials were required
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using the following keywords: ‘‘vitamin C’’ or ‘‘ascorbic

acid’’ or ‘‘complex regional pain syndrome’’ or ‘‘reflex

sympathetic dystrophy.’’ The search was limited to distal

radius fracture. There was no language restriction. Ethical

committee approval was not required for this review.

Inclusion criteria

• RCT or clinical trial;

• Patients with distal radius fracture;

• Both vitamin C and placebo group included;

• Reported CPRS-related outcomes

All studies that did not meet these criteria were

excluded.

Data extraction and outcome measures

Two reviewers independently extracted data using a

standardized extraction form. Disagreements were

resolved by discussion until consensus reached. In the

case that the two reviewers could not reach a consensus,

senior author was asked for a final opinion, resulting in a

group consensus. The primary outcome assessed was the

incidence of CPRS.

Quality assessment

The Cochrane collaboration’s tool for assessing the risk of

bias was used for quality assessment. This tool focuses on

seven criteria:

• Sequence generation;

• Allocation concealment;

• Blinding of participant’s and personnel;

• Blinding of outcome assessment;

• Incomplete outcome data;

• Selective outcome reporting;

• Other sources of bias.

Each RCT was classified as ‘‘low risk’’ ‘‘high risk’’ or

‘‘unclear risk’’ for each criterion.

Statistical analysis

For dichotomous outcomes, the risk difference (RD) and

95 % confidence interval (CI) were calculated as the

summary statistics. Heterogeneity between studies was

quantified using the I2 statistic. An I2 value of 0 %

represents no heterogeneity, and values of 25, 50 and

75 % or more represent low, moderate and high hetero-

geneity, respectively. Data from eligible studies were

pooled using a random-effects model because of the

anticipated heterogeneity among study populations. A

sensitivity analysis was performed to explore possible

explanations for heterogeneity. A P value \0.05 was

judged as statistically significant, except where other-

wise specified. All statistical tests were performed with

Review Manager (version 5.1, The Cochrane

Collaboration).

Results

Of the 220 potentially relevant studies identified through

the literature search, 16 studies were retrieved for full-text

assessment and four studies met our inclusion criteria [4–7]

(Fig. 1). The mean age in experimental group was 57.5,

while it was 58.5 in the control group.

The main characteristics of the four studies included in

the meta-analysis are presented in Table 1. The risk of bias

results for the studies is summarized in Table 2. A total of

810 patients were included in the analysis of which 458

were given vitamin C and 352 were given placebo.

Meta-analysis of the CRPS incidence revealed that the

incidence was significantly lower in the vitamin C group

Fig. 1 Study flow diagram
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[RD 0.41 (0.19–0.92), P = 0.03] and there was moderate

to high heterogeneity I2 = 63 %). Exclusion of the study

by Ekol et al., which showed no significant difference

between the two groups, resolved the heterogeneity but did

not change the results [RD = 0.228 (0.15–0.52),

P\ 0.0001, I2 = 0 %] (Fig. 2).

Figure 3 shows the funnel plot for studies reporting

CRPS after distal radius fracture. The plot is asymmetrical,

so there may be a publication bias. Because of the limited

number (\10) of studies included in this meta-analysis, this

result should be interpreted with caution.

Discussion

Our analysis demonstrated that there was a significant

decrease in the incidence of CRPS with the use of vitamin

C. Out of the four studies included in this analysis, three

studies showed beneficial effect of vitamin C in prevention

of CPRS, while the one more recent study found no dif-

ference [4–7].

The exact mechanism by which vitamin C counteracts

CRPS is still unknown. Its antioxidant property may have a

role in stabilizing the free radicals that would normally

damage lipid membranes or microcirculation [8]. Several

factors have been proposed to account for CRPS I: exag-

gerated inflammatory and neuroendocrine response, sym-

pathetic nervous system anomaly, or central or peripheral

nervous system dysfunction. The pathology appears more

complex. Raja and Grabow highlighted the psychological

factors that seem to promote CRPS I [9, 10]. Pathophysi-

ological studies showed free radicals hindering microcir-

culation. Van der Laan et al. found muscle fiber alteration

in CRPS I, causing lipid membrane oxidation by free

radicals, leading to capillary alterations which might mean

that microangiopathy is at work in the pathophysiology of

the syndrome. Vitamin C is a natural antioxidant, blocking

free radicals and thereby protecting the capillary

Table 1 Study characteristics of studies which used vitamin C to prevent CRPS after distal radius fractures

Study Study design Vitamin C dose (mg) Mean age Sample size CRPS diagnostic

criteria
Experimental Control Experimental Control

Zollinger et al. [5] RCT 500 57 60 54 65 Veldman criteria

Zollinger et al. [4] RCT 200, 500, 1,500 62.7 61 328 99 Veldman criteria

Cazeneuve et al. [6] Quasiexperimental

(before and after)

1,000 57 55 95 100 Veldman criteria

Ekrol et al. [7] RCT 500 54.5 58 169 167 Atkins criteria

Table 2 Risk of bias in included studies

Study Random

sequence

generation

Allocation

concealment

Blinding of

participants

Blinding of

outcome

assessment

Incomplete

outcome data

Selective

reporting

Other bias

Cazeneuve et al. [6] High risk High risk High risk High risk Low risk Low risk Unclear risk

Ekrol et al. [7] Low risk Low risk Low risk Low risk Low risk Low risk Unclear risk

Zollinger et al. [5] Low risk Low risk Low risk Low risk Low risk Low risk Unclear risk

Zollinger et al. [4] Low risk Low risk Low risk Low risk Low risk Low risk Unclear risk

Fig. 2 Forest plot showing RR of developing CRPS when high-dose vitamin C is administered daily for each of four studies
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endothelium [11]. Vitamin C’s antioxidant action has been

tested in animals, demonstrating its role in preventing

capillary leakage and in neutralizing free radicals [10, 12].

Vitamin C appears effective in preventing postoperative

CRPS I. Although generally post-traumatic, CRPS I also

occurs after elective surgery.

Vitamin C is relatively safe and inexpensive. However,

adverse effects such as renal failure and hemolysis have

been reported with high dosages (2.5–45 g) [13]. The most

common complication of high dose is fatigue and lethargy

[14]. The dosages used in the literature is varied: from

500 mg for Zollinger et al. [5] to 1 g for Cazeneuve et al.

[6], and the sufficient effective dose still needs to be

determined. Recently, however, in 2007, in a second ran-

domized study comparing the prevention effect of three

vitamin C doses (200–500–1,500 mg) in wrist fractures,

Zollinger found a prevalence of CRPS I of 10.1 % in his

placebo group, 4.2 % in the 200-mg group, 1.8 % in the

500-mg group and 1.7 % in the 1,500-mg group and con-

cluded that a daily dose of 500 mg for 50 days should be

recommended [4]. A statistically significant difference was

not observed between the placebo group and the 200-mg

group suggesting that typical dietary intake alone may be

insufficient in the prevention of CPRS [4].

Various factors have been suggested to increase the

likelihood of CRPS. Zollinger et al. [4] found that the

complaints related to the use of plaster cast were strongly

predictive of the development of the complex regional pain

syndrome. CRPS has been observed to be more prevalent

in women. Estrogen status has been suggested to be one of

the confounding factors.

Studies have indicated to enhance fracture healing fol-

lowing vitamin C administration in animals with gene

mutation that render them unable to produce their own

vitamin C [15]. In the developed word, Vitamin C deficits

are rare except among certain groups such as elderly,

alcoholics and smokers [16]. It still has not been

determined whether a subclinical vitamin C deficit has any

effect on fracture healing.

Three studies included in this analysis were high-quality

RCT, and one was a low-quality study. In the latter study,

vitamin C was not administered in the first part of the study

but was only received by the participants in the second part

[6]. Therefore, investigators and patients were not blinded.

There were several limitations in our analysis. Firstly,

there was a lack of a reference standard to diagnose CRPS.

Currently, clinical diagnosis of CRPS is based on either the

International Association for the Study of Pain (IASP)

criteria or the Veldman criteria [17]. However, the current

IASP criteria lack adequate specificity and, therefore, are

likely to lead to overdiagnosis. The Veldman criteria were

developed and are widely used to diagnose CRPS but can

also be inconsistent. Zollinger et al. conducted two studies

using the Veldman criteria. In one study, a CRPS diagnosis

was made if four out of six symptoms were present,

whereas, in the second study, 10 years later, a CRPS

diagnosis was made if four out of five symptoms were

present [4, 5]. Ekrol et al. [7] used Atkin’s criteria to

diagnose CRPS. Thus, estimation of the exact prevalence

of CRPS becomes imprecise. Therefore, the reduction in

the CRPS incidence achieved by the investigators in the

four studies is debatable. Secondly, the studies had study

design issues, such as selection bias. Zollinger et al.

introduced a large potential of selection bias because only

416 of the 2,137 eligible patients were enrolled. In addi-

tion, a low prevalence of CRPS, 5 versus 22 %, in their

previous study was observed. One of the included studies

was quasiexperimental before-and-after studies, in which

the control group was a similar group treated at an earlier

time without the intervention [6]. Physical therapy provides

some relief for CRPS in patients with DRFs. However, the

articles did not indicate whether physical therapy was used

for their study participants. This could lead to possible

confounding of the results. Fourth, the dosages of vitamin

C used in the studies were 200, 500, 1,000 and 1,500 mg.

These dosages are above the recommended reference daily

intake for vitamin C, which is 60 mg. The effect of such

high doses of vitamin C is uncertain. For instance, recent

trials with up to 1,300 mg/day of vitamin C dose showed

that large doses of vitamin C resulted in an increased risk

for calcium oxalate nephrolithiasis [18, 19]. However,

earlier studies demonstrated no significant association

between vitamin C intake and kidney stone formation [20,

21].

The AAOS suggested a moderate recommendation for

use of vitamin C as prevention of CRPS. We fully agree

with the academy statement [22]. Despite its proven ben-

eficial effects, its use is not very prevalent among the

orthopedic surgeons. Matzon et al. [23] in their survey

Fig. 3 Funnel plot depicting publication bias
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reported that only 11.3 % of physicians prescribe vitamin

C in their practice.

In conclusion, our analysis showed a significant

reduction in prevalence of CRPS with the use of vita-

min C. Further high-quality randomized controlled tri-

als with standard dosages and common diagnostic

criteria are needed to be able to deliver solid

conclusions.
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