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Background: Vitamin C has been proposed to improve outcomes after a distal radial fracture by promotion of bone and
soft-tissue healing and reduction of the prevalence of complex regional pain syndrome (CRPS). Our primary aim was to
examine the effect of vitamin C on functional outcome after a distal radial fracture.
Methods: A total of 336 adult patients with an acute fracture of the distal aspect of the radius were recruited over a oneyear period and randomized to receive 500 mg of vitamin C or placebo daily for fifty days after the fracture. The primary
outcomes were the DASH (Disabilities of the Arm, Shoulder and Hand) score at six weeks and at one year. Secondary
variables included complications, wrist and finger motion, grip and pinch strength, pain, and a CRPS score.
Results: There were no significant differences in patient or fracture characteristics between the treatment groups. There
was no significant effect of vitamin C on the DASH score throughout the study period. At six weeks, patients in the vitamin
C group with a nondisplaced fracture had a significantly greater wrist flexion deficit (p = 0.008) and pinch strength deficit
(p = 0.020) and a greater rate of CRPS (p = 0.022), but there was no difference in the CRPS rate at any other time point. At
twenty-six weeks, there was a higher rate of complications (p = 0.043) and greater pain with use (p = 0.045) in the patients
with a displaced fracture treated with vitamin C. There was no significant difference in the time to fracture-healing.
Conclusions: This study demonstrated no significant difference at one year in the DASH score, other functional outcomes, the rate of CRPS, or osseous healing of nondisplaced or displaced distal radial fractures treated with vitamin C
compared with placebo. We conclude that administration of vitamin C confers no benefit to patients with a displaced or
nondisplaced fracture of the distal aspect of the radius.
Level of Evidence: Therapeutic Level II. See Instructions for Authors for a complete description of levels of evidence.

Peer Review: This article was reviewed by the Editor-in-Chief and one Deputy Editor, and it underwent blinded review by two or more outside experts. It was also reviewed
by an expert in methodology and statistics. The Deputy Editor reviewed each revision of the article, and it underwent a final review by the Editor-in-Chief prior to publication.
Final corrections and clarifications occurred during one or more exchanges between the author(s) and copyeditors.

T

he functional outcome after a fracture can be determined by the amount of associated soft-tissue injury.
Vitamin C affects the soft tissues after a burn injury by
stopping the progression of vascular permeability and reducing
microvascular leakage of fluid and proteins1-3. It reduces lipid
peroxidation4, which increases capillary permeability by damaging the microvascular endothelial cells, and it influences the
generation of vitamin E.

Animal studies have demonstrated that oxygen free radicals
have an unfavorable effect on granulation tissue and fracturehealing5. Vitamin C improves fracture-healing both radiographically and histologically by accelerated callus formation6,7, and it
and reduces the skeletal muscle injury caused by compartment
syndrome and ischemia-reperfusion injury8,9. A recent animal
study demonstrated that subclinical deficiency of vitamin C
resulted in callus with lower mechanical resistance and a lower
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TABLE I Inclusion and Exclusion Criteria for the Study*
Inclusion Criteria

Exclusion Criteria

Age of at least 18 years

Inability to give informed consent

Acute unilateral nondisplaced or displaced
distal radial fracture

Already taking vitamin C or multivitamin therapy

Extra-articular or minimally articular fracture that can be managed
nonoperatively or operatively with external fixation or ORIF

Bilateral fractures

Previous distal radial fracture on ipsilateral side
Articular displacement requiring ORIF

Ability to provide informed consent

Chronic renal impairment

Ability to attend local follow-up

History of renal calculi
History of glucose-6-phosphate dehydrogenase
deficiency and hyperoxaluria

*ORIF = open reduction and internal fixation.

histological grade10, with vitamin C supplementation during the
fracture-healing period decreasing this adverse effect.
Complex regional pain syndrome (CRPS) is one of the
most devastating fracture complications and is associated with
dysfunction of the sympathetic nervous system11. The primary
inflammatory changes associated with generation of oxygen
free radicals are thought to be caused by sympathetic microcirculatory disturbances12. Sympathetic overactivity has been implicated in the regional bone loss associated with CRPS11,13. The
role of oxygen free radicals in the pathogenesis of CRPS has been
investigated in a number of studies11-13, with one study indicating
that free radical scavengers improved the clinical picture12. A
daily dose of 500 mg of vitamin C reduced the prevalence of
CRPS after distal radial fracture in two randomized studies14,15.
The null hypothesis of the present study was that vitamin
C treatment following a fracture of the distal aspect of the radius
would have no effect on functional outcome, as measured by the
DASH (Disabilities of the Arm, Shoulder and Hand) score16,17 at
one year after injury. Our secondary aims were to assess whether
vitamin C influenced the rate of complications, wrist and finger
motion, grip and pinch strength, the prevalence of CRPS, or the
time to healing after a distal radial fracture.
Materials and Methods

T

he study was a prospective, randomized, double-blind controlled trial involving patients with a fracture of the distal aspect of the radius (EudraCT
registration number 2005-003635-46). It was carried out over a one-year period
at a large academic urban trauma center that manages over 1300 distal radial
fractures per year. The primary outcome measure was the DASH score. The
appropriate ethical and clinical trial committees authorized the study.
From June 2006 to July 2007, 336 adult patients (at least eighteen years
of age) with an acute unilateral fracture of the distal aspect of the radius were
recruited into the study. We included fractures that were extra-articular or
minimally articular and that could be managed either conservatively in a cast or
operatively with external fixation or open reduction and internal fixation. Patients were excluded if they were taking vitamin C or multivitamin therapy
prior to the fracture, had a previous distal radial fracture on the ipsilateral side,
had bilateral fractures, had articular displacement requiring open reduction
and internal fixation, were unable to provide consent, or had chronic renal
impairment (Table I). After informed consent, patients were randomized to
receive either vitamin C or a placebo. The randomization was computerized

and was stratified according to whether the fracture was nondisplaced or displaced. The fracture treatment was not altered for this study.
A 500-mg dose of vitamin C or a placebo was given daily for fifty days,
starting on the day after the fracture. Compliance was monitored by counting
the returned tablets and by an interview. There were no adverse reactions
associated with the vitamin C use.
A dietary vitamin C intake score, based on a food frequency questionnaire, was recorded on enrollment in the study. This score is a semiquantitative tool designed for use in assessing the relation between dietary intake and
18
chronic diseases . It provides a baseline estimate of dietary intake of vitamins,
including vitamin C. The treatment groups did not differ in terms of demographic or fracture characteristics, baseline DASH score, or dietary vitamin C
score, confirming successful randomization (Table II).

Follow-up
Clinical, functional, and radiographic evaluations were performed at two, six,
twelve, twenty-six, and fifty-two weeks. The patient, the treating surgeon, the
senior author (M.M.McQ.) who assessed radiographs for fracture-healing, and
the dedicated research assistant who performed the follow-up assessments were
all blinded to the randomization. Additional clinical and radiographic assessments were performed between these time points if clinically indicated.
Functional evaluations included the ability to perform activities of daily
17
living, utilizing the DASH score as the primary outcome. A DASH score and a
19
Hospital Anxiety and Depression Score (HADS) were recorded at baseline
and at six, twelve, twenty-six, and fifty-two weeks, as anxiety and depression
20-23
influence the DASH score
. For the baseline DASH score, patients completed
the questionnaire to indicate their level of function immediately prior to injury.
The HADS instrument is a screening questionnaire for depression and anxiety,
consisting of fourteen questions with a maximum score of 42, and it is designed
to detect the presence and severity of mild degrees of mood disorder. A score
of 11 or higher indicates the probable presence of a mood disorder. Pain was
assessed with use of a 10-cm visual analog scale (VAS) score. Patients marked
the scale to indicate the degree of pain felt at rest and with use of the hand, with
0 being no pain and 10 being maximal pain.
Complications were recorded during each clinical evaluation; these
consisted of loss of fracture reduction, paresthesia of the fingers, superficial
wound or pin track infections in surgically treated patients, tendon injury, and
symptoms or signs of CRPS. CRPS was clinically assessed with use of the Atkins
criteria (neuropathic pain, vasomotor instability and abnormalities of sweating,
11,24,25
swelling, loss of joint mobility, and joint and soft-tissue contractures)
.
The presence of at least three criteria is required to establish a diagnosis of
CRPS. Tenderness of the fingers was measured with use of a dolorimeter and
26
was expressed as a ratio relative to the contralateral side . The dolorimeter
that was used measures pain tolerance with use of a pressure device, and the
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TABLE II Pre-Injury and Injury Demographics
Displaced Fractures

No. of patients

Nondisplaced Fractures

Vitamin C

Placebo

Vitamin C

Placebo

94

92

75

75

Age* (yr)

58 ± 20

62 ± 18

51 ± 19

54 ± 21

Male sex†

27 (28)

20 (22)

17 (23)

26 (35)

Occupation†
Sedentary
Light
Moderate
Heavy
Retired or unemployed

15 (16)
17 (18)
12 (13)
4 (4)
46 (49)

10 (11)
15 (16)
11 (12)
0 (0)
56 (61)

17 (23)
14 (19)
15 (20)
3 (4)
26 (35)

14 (19)
9 (12)
14 (19)
5 (7)
33 (44)

Injury mode†
Fall from standing
Fall from over 3 ft (1 m)
Road traffic accident
Other

72 (77)
9 (10)
9 (10)
4 (4)

74 (80)
10 (11)
7 (8)
2 (2)

56 (75)
7 (9)
6 (8)
5 (7)

56 (75)
7 (9)
9 (12)
3 (4)

HADS anxiety*

5.6 ± 3.9

5.9 ± 4.3

5.5 ± 3.5

5.3 ± 2.9

HADS depression*

3.5 ± 3.5

3.9 ± 3.7

2.9 ± 2.8

2.7 ± 2.3

1 (1)
47 (50)
1 (1)
14 (15)
16 (17)
15 (16)

0 (0)
41 (45)
1 (1)
25 (27)
10 (11)
15 (16)

32 (43)
11 (15)
13 (17)
5 (7)
1 (1)
13 (17)

20 (27)
9 (12)
18 (24)
6 (8)
0 (0)
22 (29)

15.1 ± 19.8

11.6 ± 19.0

25.2 ± 6.0

26.7 ± 6.2

Shortening at injury*‡ (mm)

3.2 ± 3.3

2.9 ± 3.0

20.2 ± 1.6

0.2 ± 1.4

Carpal alignment at injury†‡

13 (16)

16 (20)

64 (95)

66 (97)

4.3 ± 2.8

4.2 ± 2.7

4.1 ± 2.6

13.3 ± 18.4

7.6 ± 13.4

7.6 ± 13.8

AO/OTA type†
A2.1
A3.2
B1.1
C2.1
C3.2
Other
Dorsal angle at injury*‡ (deg)

Vitamin C score*

4.0 ± 2.8

Pre-injury DASH score*

9.2 ± 15.0

*The values are given as the mean and the standard deviation. †The values are given as the number of patients, with the percentage in
parentheses. ‡A small number of patients had missing data.

score is determined on the basis of when the patient feels pain. Swelling was
assessed on the basis of hand volume, measured by water displacement when
the hand was placed in a volumeter, and was expressed relative to the contralateral side.
Active range of motion of the distal radioulnar joint and of the wrist as a
whole was measured with use of a standard full-circle goniometer. The recordings were made in triplicate to reduce intraobserver variability, and the
mean values were noted. Flexion, extension, pronation, supination, and radial
and ulnar deviation were each expressed as the percentage of the value for the
contralateral side. Range of motion at the finger joints was measured with use of
a goniometer and was expressed relative to the contralateral side. The range-ofmotion deficit in each finger joint of the injured hand relative to that in the
contralateral joint was determined, and these values were summed to calculate
the total difference in finger motion.
Grip and pinch strength were measured with use of a JAMAR hand
dynamometer (Patterson Medical) according to the guidelines for use issued by
27
the American Society for Surgery of the Hand . The mean of three recordings
was calculated and recorded as a percentage deficit relative to the strength of the

contralateral hand. The deficit was adjusted to allow for dominance, with a 10%
28
increase in grip strength assumed for the dominant hand .
Radiographic evaluation consisted of standardized anteroposterior and
lateral radiographs of the injured wrist as well as one set of radiographs of the
29
contralateral wrist for comparison . The dorsal angle, carpal alignment, and
ulnar variance were measured manually with use of a protractor and a ruler. A
fracture was defined as displaced if there was dorsal angulation of >10°, ulnar
variance of >3 mm compared with the contralateral wrist, carpal malalign30
31
ment , or any combination thereof . Carpal malalignment was defined as
failure of the long axes of the radius and capitate to intersect within the carpus
30
on the lateral radiograph of the wrist . The senior author classified the frac32
tures with use of the AO/OTA classification . Time to fracture-healing was
assessed in a blinded fashion by the senior author as the time to bridging of
three of four cortices, endosteal healing, and 75% organized trabecular bridging
33,34
of the defect on both radiographic views
. Since healing was only assessed
periodically at patient visits, the observed times at which healing was first seen
are acknowledged to be an overestimate of the true times, but this should not
have been biased between the treatment groups.
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Fig. 1

CONSORT (Consolidated Standards of Reporting Trials) flow diagram showing recruitment and flow of participants through the trial. DNA = did not attend.

Statistical Methods

Source of Funding

The primary outcomes were the DASH score at six weeks (to assess the effect of
vitamin C on the speed of recovery) and at one year (to assess the long-term
effect). Secondary variables were complications; wrist and finger motion; grip
and pinch strength; pain with use and at rest; water displacement (swelling);
and the dolorimeter ratio CRPS score and HADS.
In a pilot study of thirty patients with a distal radial fracture who were
evaluated at between six months and one year, the mean DASH score was 25 and
the standard deviation was 17. A sample size of 300 would therefore provide high
power (90%) to identify a true difference between the means of the randomized
groups equal to 7 (0.4 standard deviation) as significant at the 5% level.
Outcomes in each pair of randomized treatment groups were compared
with use of the chi-square test for binary variables and with use of either the
Mann-Whitney or two-sample t test for quantitative variables (depending on
the distribution of the variable). Multiple logistic or linear regression was used
to investigate the effect of other prognostic factors on outcomes and to provide
estimates of the efficacy of vitamin C after adjustment for these factors. In
particular, analysis of covariance was used to adjust the comparison of later
DASH scores for the values at earlier times to examine patterns of change over
time in the two treatment groups. Intention-to-treat analyses of the primary
outcome measure with use of the last-observation-carried-forward (LOCF)
method were also performed at twelve, twenty-six, and fifty-two weeks.

This study was funded by the Chief Scientist’s Office for Scotland and the
Scottish Orthopaedic Research Trust into Trauma (SORT-IT).

Results
f the 336 patients entered into the study, 186 had a displaced
fracture and 150 had a nondisplaced fracture. Half of each
cohort was randomized to receive the vitamin C capsules, and the
other half received the placebo capsules (Fig. 1). The mean patient
age was fifty-six years, and 73% were female (Table II).
Management of the fractures involved conservative treatment with a cast for six weeks in 252 patients (including seventyeight who required manipulation under anesthesia) and surgical
treatment in eighty-four (including forty-one who had undergone
a prior manipulation). The surgical treatment consisted of open
reduction and internal fixation with a volar plate (n = 31), a
dorsal plate (n = 1), or both (n = 1); nonbridging external
fixation (n = 39); bridging external fixation and Kirschner
wires (n = 9), Kirschner wire fixation (n = 2); or percutaneous
screw fixation (n = 1).

O
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TABLE III Outcomes at Six Weeks
Displaced Fractures
Outcome

Nondisplaced Fractures

Vitamin C, N = 80

Placebo, N = 86

P Value

Vitamin C, N = 70

Placebo, N = 67

P Value

DASH score*

40 ± 18

42 ± 17

0.74

32 ± 20

29 ± 21

0.42

Complications†

20 (25)

24 (28)

0.77

7 (10)

6 (9)

1.00

Range-of-motion deficit* (%)
Wrist flexion
Wrist extension
Supination
Pronation

57 ± 20
51 ± 27
36 ± 33
24 ± 29

59 ± 15
50 ± 28
32 ± 30
18 ± 22

0.42
0.83
0.43
0.11

54 ± 23
30 ± 18
17 ± 20
12 ± 19

42 ± 32
33 ± 21
13 ± 21
9 ± 15

0.008
0.47
0.21
0.29

Total finger difference* (deg)

137 ± 141

177 ± 149

0.07

70 ± 91

64 ± 103

0.69

Grip deficit* (%)

79 ± 17

79 ± 18

0.98

55 ± 28

51 ± 26

0.44

Pinch deficit* (%)

61 ± 23

63 ± 21

0.42

42 ± 27

31 ± 24

0.020

Pain at rest*

2.1 ± 2.4

2.1 ± 2.4

0.95

1.3 ± 2.1

1.2 ± 1.9

0.88

Pain with use*

5.1 ± 2.7

4.7 ± 2.8

0.34

3.6 ± 2.9

3.5 ± 2.6

0.94

Hand volume difference* (mL)

216 ± 54

214 ± 35

0.73

22 ± 37

212 ± 33

0.08

Dolorimeter ratio*

0.78 ± 0.24

0.75 ± 0.31

0.47

0.91 ± 0.20

0.89 ± 0.22

0.45

CRPS score*

3.3 ± 2.0

3.5 ± 2.6

0.70

2.7 ± 2.7

2.0 ± 1.9

0.09

CRPS > 3†‡

33 (42)

35 (42)

1.00

27 (40)

13 (20)

0.022

HADS anxiety*

5.1 ± 4.0

5.2 ± 3.8

0.88

4.9 ± 4.0

4.3 ± 3.1

0.42

HADS depression*

3.5 ± 3.0

4.2 ± 3.5

0.14

2.9 ± 3.0

2.4 ± 2.4

0.26

*The values are given as the mean and the standard deviation. †The values are given as the number of patients, with the percentage in
parentheses. ‡Four patients had missing data.

Functional Outcome
At six weeks, 303 patients returned for follow-up (Table III).
The remaining thirty-three patients were younger than those
who attended but were similar with regard to displacement,
sex, recalled preoperative DASH score, and vitamin C score. No
significant differences between the treatment groups were
found in the cohort with a displaced fracture (p > 0.05); the
mean DASH score was 40 in the vitamin C group and 42 in the
placebo group. In the cohort with a nondisplaced fracture,
patients in the vitamin C group had significantly greater deficits
in wrist flexion (p = 0.008) and in pinch strength (p = 0.020).
The Appendix and Table IV show the functional outcome results at twelve weeks (n = 264), twenty-six weeks (n =
253), and fifty-two weeks (n = 249). At one year, 74% of the 336
patients returned for review, including 73% (124) of the vitamin C group and 75% (125) of the placebo group.
No significant effect of vitamin C on the DASH score was
found at any time point (p = 0.19 to 0.82). As anticipated on
the basis of the lesser severity of the injury, the DASH score at
six weeks was lower in the cohort with a nondisplaced fracture
(32 in the vitamin C group and 29 in the placebo group). The
DASH score improved gradually over time in all four groups.
At one year, the mean DASH score in the cohort with a nondisplaced fracture was 8 in both treatment groups. The mean
DASH score in the cohort with a displaced fracture was poorer,

17 in the vitamin C group and 15 in the placebo group, but the
treatment groups did not differ significantly (p = 0.36).
There was a strong correlation between the DASH score at
six, twelve, twenty-six, and fifty-two weeks and the baseline HADS
(see Appendix). For the cohort with a displaced fracture, the DASH
score correlated equally well with the HADS anxiety and depression
subscores. For the cohort with a nondisplaced fracture, the DASH
score correlated most strongly with the HADS depression subscore.
Complications
Complications were assessed in 311 patients. In the nondisplaced
fracture cohort, the prevalence of CRPS at six weeks was significantly higher in the patients treated with vitamin C (p = 0.022)
(Table III). These patients also reported significantly greater pain
with use at one year (p = 0.011) (Table IV), but there were no
differences between the pain scores of the two treatment groups at
the earlier time points. For the displaced fracture cohort, there were
no differences in the prevalence of CRPS between the treatment groups
throughout the follow-up period. However, at twenty-six weeks, the
vitamin C group in this cohort had significantly more complications
(p = 0.043) and greater pain with use (p = 0.045) (see Appendix).
Radiographic Outcomes and Fracture-Healing
At six and twenty-six weeks, the nondisplaced fracture cohort
had significantly greater radial shortening in the placebo group

1456
TH E JO U R NA L O F B O N E & JO I N T SU RG E RY J B J S . O RG
V O LU M E 96-A N U M B E R 17 S E P T E M B E R 3, 2 014
d

d

d

T H E I N F L U E N C E O F V I TA M I N C
O F D I S TA L R A D I A L F R A C T U R E S

ON THE

OUTCOME

TABLE IV Outcomes at Fifty-two Weeks
Displaced Fractures

Nondisplaced Fractures

Vitamin C,
N = 70

Placebo,
N = 68

DASH score*

17 ± 20

15 ± 16

Complications†

21 (30)

13 (19)

Range-of-motion deficit* (%)
Wrist flexion
Wrist extension
Supination
Pronation

21 ± 20
9 ± 15
5 ± 12
3 ± 14

24 ± 21
7 ± 16
3 ± 10
1±9

Total finger difference* (deg)

18 ± 62

22 ± 67

Grip deficit* (%)

23 ± 18

19 ± 22

0.26

9 ± 19

8 ± 21

0.85

Pinch deficit* (%)

7 ± 22

6 ± 22

0.80

1 ± 22

22 ± 22

0.53

Outcome

Vitamin C,
N = 54

Placebo,
N = 57

0.36

8 ± 12

8 ± 15

0.82

0.22

6 (11)

4 (7)

0.67

0.42
0.40
0.30
0.56

13 ± 13
2 ± 11
0±2
0±0

12 ± 15
2 ± 12
0±3
0±1

0.66
0.98
0.23
0.21

0.66

6 ± 51

11 ± 47

0.55

P Value

P Value

Pain at rest*

0.9 ± 1.8

0.9 ± 1.5

0.88

0.5 ± 1.4

0.3 ± 0.8

0.33

Pain with use*

2.0 ± 2.5

1.6 ± 2.0

0.34

1.6 ± 2.4

0.7 ± 1.2

0.011

3 ± 30

1 ± 22

0.64

3 ± 22

1 ± 16

0.54

0.97 ± 0.09

0.98 ± 0.11

0.80

0.99 ± 0.15

0.97 ± 0.08

0.57

1.3 ± 2.0

1.4 ± 2.2

0.89

0.7 ± 1.3

0.6 ± 1.2

0.45

11 (16)

11 (16)

1.00

3 (5)

1.00

HADS anxiety*

4.7 ± 4.0

4.5 ± 4.0

0.86

4.3 ± 3.9

3.3 ± 3.1

0.15

HADS depression*

2.8 ± 3.2

2.7 ± 3.5

0.86

1.9 ± 2.2

1.8 ± 2.2

0.97

Hand volume difference* (mL)
Dolorimeter ratio*
CRPS score*
CRPS > 3†

3 (6)

*The values are given as the mean and the standard deviation. †The values are given as the number of patients, with the percentage in
parentheses.

TABLE V Radiographic Outcomes and Time to Fracture-Healing
Displaced Fractures
Outcome

Nondisplaced Fractures

Vitamin C

Placebo

P Value

Vitamin C

Placebo

P Value

Dorsal angle deficit*
(deg)
At 2 wk
At 6 wk
At 26 wk

0.3 ± 9.7
1.2 ± 11.3
1.3 ± 11.0

1.7 ± 10.5
1.6 ± 12.0
1.5 ± 12.5

0.38
0.87
0.92

23.9 ± 7.9
23.0 ± 9.2
23.1 ± 9.2

26.4 ± 8.5
25.9 ± 9.4
25.4 ± 10.2

0.08
0.08
0.22

Radial shortening* (mm)
At 2 wk
At 6 wk
At 26 wk

0.6 ± 1.9
1.1 ± 1.9
1.4 ± 2.9

0.9 ± 1.9
1.4 ± 2.1
1.6 ± 2.3

0.42
0.30
0.64

0.2 ± 1.7
0.3 ± 1.6
0.2 ± 1.6

0.5 ± 1.4
0.9 ± 1.6
0.9 ± 1.6

0.24
0.037
0.028

65 (84)
57 (77)
56 (79)

54 (71)
49 (68)
47 (71)

0.07
0.30
0.31

59 (92)
59 (90)
49 (94)

58 (89)
55 (87)
50 (88)

0.78
0.33
0.40

47 ± 10

48 ± 13

0.42

39 ± 7

42 ± 13

0.23

Carpal alignment†
At 2 wk
At 6 wk
At 26 wk
Time to healing* (d)

*The values are given as the mean and the standard deviation. †The values are given as the number of patients, with the percentage in
parentheses.
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compared with the vitamin C group (p = 0.037 and 0.028) (Table
V). No other radiographic differences were found between the
treatment groups in either cohort throughout the follow-up
period. The time to fracture-healing did not differ between the
treatment groups in either cohort (p = 0.42 and 0.23).
Discussion
his study demonstrated no significant difference in functional
outcome at one year between patients treated with vitamin C
or a placebo after either a nondisplaced or displaced distal radial
fracture. The condition of soft tissues influences functional loss,
disability, and overall outcome after a fracture of the distal
aspect of the radius35. Vitamin C is an important reducing agent
that binds harmful free radicals6. Although other studies have
suggested a beneficial effect of vitamin C, both in animal
models and in patients with a distal radial fracture2,4,8,9,14,15, we
found no difference in the DASH score, other functional outcomes, occurrence of CRPS, or fracture-healing with vitamin C
treatment in patients with a distal radial fracture.
The majority of fractures in the study occurred in middleaged to elderly women, and they were predominately lowenergy injuries similar to those in previous epidemiological
studies36,37. As would be expected, the DASH scores were poorer
in the displaced compared with the nondisplaced fracture cohort
throughout the study period and improved gradually over time.
Our primary focus was on the effect of vitamin C in the individual fracture cohorts (patients with a displaced fracture and
those with a nondisplaced fracture); we performed only a limited
analysis of the two cohorts combined. At one year, the DASH
score in the nondisplaced fracture cohort had returned to its preinjury level of 8; the value in the displaced fracture cohort was 16,
slightly poorer than the normative level of 10 for the general
population16. Similar trends have been shown in other studies of
distal radial fractures38-41. Jaremko et al. reported a mean DASH
score of 24 at six months in seventy-four patients over the age
of fifty years who had been treated nonoperatively for a range
of distal radial fracture types42. This was poorer than the DASH
scores for nondisplaced and displaced fractures at six months in
the present study. At one year, the only outcome that demonstrated a significant difference between treatment groups was
pain with use in the nondisplaced fracture cohort, which was
greater in patients treated with vitamin C; all other outcome
parameters were comparable. Given the normative DASH scores,
the relevance of this finding is unknown and it is possible that the
difference was due to chance.
We did demonstrate a strong correlation between the
DASH score at each time point and the baseline HADS; anxious
or depressed patients tended to score worse on the DASH. This is
consistent with other studies that have demonstrated that female
sex, employment status, depression, catastrophic thinking, and
kinesiophobia are predictive of the DASH score20,22,23. However,
the two randomized groups in the present study were balanced
with respect to all parameters, including the HADS, at baseline;
thus, we do not believe that the conclusions were biased by this
association. Throughout the study period, grip strength and
range-of-motion measures (except at six weeks) did not differ
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significantly between the treatment groups. The normative
functional results at one year indicate that nondisplaced fractures of the distal aspect of the radius are relatively benign injuries
that recover well, without functional deficits. The displaced
fracture cohort had greater mean deficits in functional outcomes, particularly in wrist flexion and strength, but these also
gradually improved over time. Wilcke et al. showed that reduced
grip strength and range of motion correlated with a poorer DASH
score in seventy-eight patients with a distal radial fracture43.
Our study showed no differences in the time to fracturehealing between the treatment groups. In the nondisplaced
fracture cohort, there was significantly more radial shortening
in the placebo group than in the vitamin C group at both six
and twenty-six weeks. Although this might suggest that the
fracture took longer to heal in patients treated with placebo,
allowing more subsidence, there was no significant difference
in the healing time between the two treatment groups. One
limitation of our study is that it was not powered to determine a
difference in the time to fracture-healing between groups, and a
study with larger numbers might have revealed a difference.
Furthermore, the method used to determine the time to fracturehealing may lead to an error, as it is an estimate.
Studies have indicated enhanced fracture-healing following vitamin C administration in animals with gene mutations
that render them unable to produce their own vitamin C10. In the
developed world, vitamin C deficits are rare except among certain
groups such as the elderly, alcoholics, and smokers44. In the
present study, the dietary vitamin C scores revealed no clinical
vitamin C deficits. However, to our knowledge it has not been
determined whether a subclinical vitamin C deficit has any
effect on fracture-healing. The absence of an effect of vitamin C
supplementation on fracture-healing in the present study could
be explained if acceleration of fracture-healing is observed only
when supplements are given to a vitamin C-deprived population.
The study demonstrated no significant reduction in the
prevalence of CRPS at one year in patients with either a displaced
or nondisplaced fracture who were treated with vitamin C compared with placebo. There was a significantly greater prevalence of
CRPS at six weeks in the vitamin C group in the nondisplaced
fracture cohort, with the only significantly greater pain with use
found at one year in this group. Since this may be a type-I error, the
importance of this finding is unknown, and further work may be
warranted. It is possible that the greater pain with use experienced
by these patients at one year was related to the greater prevalence of
CRPS at six weeks, although it would be expected that the other
outcome parameters at one year would further reflect this. Our
findings contrast with the findings of Zollinger et al., who performed two randomized studies of patients with distal radial
fractures. In the first trial, they found the prevalence of CRPS to be
lower in the patients who received vitamin C (7%) compared with
the placebo group (22%) at one year15. That study included only
fractures that were treated conservatively, implying a less severe
range of fractures than those in the present study or in other
previous studies45,46, yet the CRPS rate in the placebo group at one
year was unusually high. In the present study, the prevalence of
CRPS was lower in patients with a nondisplaced fracture. In the
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second multicenter trial by Zollinger et al., which included both
conservatively and operatively treated fractures, the reported CRPS
prevalence was 2.4% in the vitamin C group compared with 10%
in the placebo group at one year, as established on the basis of a
telephone interview or inquiry letter14. In that study, all adult
patients with fractures of one or both wrists were included, exclusion criteria were not clear, and patients who had already been
taking vitamin supplements were included. The present study
had a higher dropout rate of 26% and a compliance rate of 84%.
It showed no difference in the prevalence of CRPS between treatment groups in either the nondisplaced fracture cohort (6% and
5%) or the displaced fracture cohort (15% and 16%) at one year.
In conclusion, the present study demonstrated no benefit
of vitamin C supplementation on the functional outcome or
fracture-healing in patients with either a nondisplaced or displaced distal radial fracture.
Appendix
Tables showing the outcomes at twelve and twenty-six
weeks and the correlations between the HADS subscores
at presentation and the DASH score at each time point are
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available with the online version of this article as a data supplement at jbjs.org. n
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28. Crosby CA, Wehbé MA, Mawr B. Hand strength: normative values. J Hand Surg
Am. 1994 Jul;19(4):665-70.
29. Ng CY, McQueen MM. What are the radiological predictors of functional outcome following fractures of the distal radius? J Bone Joint Surg Br. 2011 Feb;
93(2):145-50.
30. McQueen MM, Hajducka C, Court-Brown CM. Redisplaced unstable fractures of
the distal radius: a prospective randomised comparison of four methods of treatment. J Bone Joint Surg Br. 1996 May;78(3):404-9.
31. van der Linden W, Ericson R. Colles’ fracture. How should its displacement be measured and how should it be immobilized? J Bone Joint Surg Am. 1981 Oct;63(8):1285-8.

1459
TH E JO U R NA L O F B O N E & JO I N T SU RG E RY J B J S . O RG
V O LU M E 96-A N U M B E R 17 S E P T E M B E R 3, 2 014
d

d

d

32. Marsh JL, Slongo TF, Agel J, Broderick JS, Creevey W, DeCoster TA, Prokuski L,
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