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Abstract
Background: To date, no clinical decision rules for acute wrist injuries are available. In the past, clinical decision rules
for the knee, ankle and spine injuries have been developed and validated. Implementation of these rules resulted in
standardised clinical assessment at the emergency department and a substantial reduction of radiographic diagnostics.
The objective of the study was to identify predictors for wrist fractures in patients with acute wrist injury which might
potentiate a clinical decision rule in the future. This is a prospective pilot study in adult patients presenting with acute
wrist injury at the emergency department of the Canisius-Wilhelmina Hospital in the Netherlands.
Methods: Clinical variables were collected in a case report file by emergency physicians. Radiography was ordered
according to common practice to confirm or rule out the presence of fractures. Independent associations between the
presence of clinical variables and wrist fractures were calculated. Multivariable analysis was performed in order to
quantify sensitivity and specificity for fracture prediction.
Results: A total of 63 wrist fractures were detected in the study population of 95. Age over 55 years, inability to carry
weight directly after trauma, support of injured wrist by the contralateral hand for pain relief, presence of swelling
and/or hematoma, visible wrist deformity and reduced range of motion were associated with the presence of a
wrist fracture.
Conclusions: Our study identified clinical predictors for wrist fractures in patients with acute wrist injury. Future studies
are needed for justification of evidence-based wrist assessment and identification of a 100% sensitive decision rule for
wrist fractures.
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Background
Distal radius fractures are the most prevalent wrist fracture and are one of the most common fractures in both
adults [1] and children [2,3]. The majority of patients
with acute wrist injury visit the emergency department
(ED), and although radiography is the gold standard in
diagnosing wrist fractures [4,5], a detailed history alone
may lead to a specific diagnosis in approximately 70% of
patients with wrist pain [6].
Despite availability of validated clinical decision rules
for knee [7], ankle [8,9] and cervical injuries [10], no
validated clinical decision rules exist for wrist injuries,
and studies in this field are scarce. Clinical features
found to predict upper extremity fractures include the
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following: radial tenderness [11-15], gross deformity
[13], difference in grip strength between the injured and
non-injured arm [11], focal swelling [14,15], abnormal
supination or pronation [14] and pain with motion [15].
However, those studies were non-specific for wrist fractures and only included paediatric patients [11-15].
The validated clinical decision rules for ankle, knee and
cervical injuries have led to effective standardised clinical
patient assessment, leading to effective standardised diagnostics and a decline in radiography as a diagnostic tool.
Moreover, a substantial reduction in health-care costs was
realised [16]. Radiologic assessment is used routinely as a
diagnostic tool to rule out a wrist fracture due to the lack
of clinical decision rules. Previous studies have shown that
nearly half of all wrist radiographs do not show a fracture
[17,18]. A clinical decision rule might aid in more effective
use of radiography for wrist injuries. To accomplish
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development of a clinical decision rule in the future, quantification of the predictive value of clinical variables for
wrist fractures is an essential first step.
The objective of this pilot study is to quantify the predictive value of clinical features for wrist fractures in an
adult population and to combine the significant clinical
variables in order to define a clinical decision rule with a
100% sensitivity for our population.

Methods
Study design and population

This prospective pilot study was conducted between
February 2013 and August 2013 at the ED of the
Canisius-Wilhelmina Hospital (CWZ), a top urban clinical
teaching hospital in the Netherlands. All adult patients
presenting with an acute wrist trauma to the ED at CWZ
were eligible for this study.
The wrist anatomically includes the area formed by
the distal 5 cm of the radius and ulna, the eight carpal
bones and the overlying soft tissue. Acute wrist injury
was defined as any blunt trauma to the wrist. Exclusion
criteria were as follows: age below 18 years, referral by
radiology, severe cognitive impairment resulting in a lack
of effective communication, wrist injury sustained more
than a week before presentation at the ED, reassessment
of a wrist injury or solitary skin lesions.
Emergency physicians completed a case report form
(CRF) for every patient with acute wrist injury. X-rays
were ordered according to common practice. Patient
assessment and registration was performed prior to radiographic assessment to ensure that emergency physicians
were blinded to radiographic results.
Data collection and measurement

All patients gave informed consent prior to the start of
the wrist examination. Only fully qualified emergency
physicians were involved in the assessment of wrist
injuries at the ED. The clinical data recorded in the CRF
was based on the available literature regarding examination of acute wrist injuries [19]. To ensure standardised
data collection and registration, all emergency physicians
were instructed how to perform clinical wrist examination
and how to complete the CRF prior to the start of the
study. Numerous variables were assessed: patient characteristics, history characteristics, clinical features with
numerous points of tenderness and six ranges of motion.
All radiographs were assessed by the radiologist on call
at the time of treatment. Radiographic outcomes were
defined as fracture or no fracture. Although radiography
is regarded as the standard of practice, a fracture can
remain undetected [20]. To account for this, all radiographs were assessed by a second radiologist, and all
medical files of the patients were checked to see if a
fracture was diagnosed during the outpatient follow-up
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within 30 days after primary presentation at the ED.
Interobserver reliability was calculated for radiographic
outcomes.
Outcome variables and data analysis

The primary outcome measure was presence or absence
of a fracture, which was based on the conclusion of the
radiologist. All clinical variables were assessed independently regarding their association with fractures by
univariate analysis with the χ2-test. If possible, 95%
confidence intervals (CI) were calculated. Patient age was
dichotomised in cut-off value with the most discriminating power for a fracture. Only clinical variables that were
significantly associated with a fracture (ρ < 0.10) were
included in a multivariate model with the goal to develop
a decision rule that was 100% sensitive for wrist fractures
in this population with a specificity as highly as possible.
Statistical Package for Social Statistics Version 21.0 (SPSS)
was used to analyse data.
Medical ethical committee

The local medical ethical committee (METC) approved
the study design and provided a waiver of the requirement
for informed consent due to the descriptive character of
the study and absence of interventions. Nevertheless,
informed consent was obtained from all patients. The
study received no financial support. No competing interests were declared.

Results
Study population and characteristics

During the pilot, a total of 95 wrist injuries were included.
Ten physicians were involved in the clinical wrist assessment, and the variables were assessed and registered in
a standardised manner. Radiographic assessment was ordered according to common practice. Table 1 shows the
characteristics of the study population. In case of bilateral
wrist injury, both wrists were regarded as separate cases.
The mean age of the study population was 50 years old,
and 64% of the patients were female. The most common
trauma mechanism was a fall on an outstretched hand.
The emergency physician ordered an X-ray in all cases. A
total of 63 fractures were diagnosed, a fracture rate of
66%. The most commonly diagnosed fracture is that of
the distal radius. In the majority of the cases, patients received treatment with cast immobilisation, while fracture
reduction was performed in 15% of the study population
and surgery in the operating room was required in 4% of
the cases.
Radiographic outcome and identification of clinical
predictors for wrist fractures

Presence of a wrist fracture was based on the radiological
outcome. One additional fracture was diagnosed by the
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Table 1 Study characteristics (N = 95)
Patient characteristics

Value
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Table 2 The association between clinical variables and
presence of a fracture (N = 95)
Clinical variable

Age
Mean in years (sd)

51.45 (20.27)

Median in years (range)

50.00 (18 to 97)

χ2-test

Ρ value

6.660

0.0036

Patient history
Age >55 years

Gender, n (%)

Setting trauma high-low risk

1.038

0.308

2.124

0.36

Male

30 (32)

‘Cracking’ sound heard

Female

64 (67)

Inability to continue activity after trauma

0.69

0.723

1 (1)

Inability to carry weight directly after trauma

5.219

0.074

Support injured wrist by contralateral hand
for pain relief

9.929

0.002

Unknown
Injured site, n (%)
Right

47 (50)

Left

48 (51)

Action leading to injury, n (%)

Swelling of wrist directly after trauma

16.213

0.000

Reduced range of motion directly after trauma

2.307

0.316

Swelling and/or hematoma present

14.703

0.000

Visible wrist deformity

6.976

0.0088

Tenderness at wrista

-

-

Wrist assessment

Fall from height

9 (10)

Traffic accident

14 (15)

Simple fall

55 (58)

Sports

7 (7)

Others

9 (10)

Unknown

1 (1)

Trauma mechanism, n (%)
Fall on outstretched hand

42 (44)

Hyperextension

5 (5)

Direct force

6 (6)

Others

8 (8)

Unknown

30 (28)

Diagnosis, n (%)

Pain distal radius with axial compression

0.856

0.652

Painful compression DRUJb

1.50

0.463

Reduced range of motionc

9.158

0.002

Reduced radial deviation

5.095

0.024

Reduced ulnar deviation

1.776

0.183

Reduced palmar flexion

10.815

0.001

Reduced dorsoflexion

1.702

0.000

Reduced pronation

2.304

0.129

Reduced supination

9.460

0.002

The χ2-test and Ρ value were impossible to calculate since all patients had
wrist tenderness. bDistal radio-ulnar joint. cThe variable reduced range of
motion was used in the decision model rather than separated reduced ranges
of motion.
a

Fracture

63 (66)

Distal radial fracture

43 (45)

Distal ulnar fracture

7 (7)

Scaphoid fracture

9 (9)

Carpal fracture (excluding scaphoid)

3 (3)

Other fractures

1 (1)

Soft tissue injury

32 (34)

Treatment, n (%)
None

12 (13)

Pressure tape

6 (6)

Immobilisation

52 (55)

Reponation

14 (15)

Surgery

4 (4)

Others

7 (7)

second radiographic observer. Interobserver variability for
the presence of a fracture based on radiology was good
with a kappa of 0.70 (0.071) and ρ < 0.000. Univariate
analysis was performed to see whether clinical features
were independently associated with the presence of a wrist
fracture. Table 2 shows the results of univariate analysis.

Significant predictors for wrist fractures were as follows:
age of 55 or above, inability to carry weight directly after
trauma, support of injured wrist by contralateral hand for
pain relief and swelling of wrist directly after trauma.
Significant variables derived from wrist assessment were
as follows: visible wrist deformity, presence of swelling
and/or hematoma, reduced radial deviation, reduced palmar flexion and reduced supination.
The construction of a clinical decision rule for this pilot
population

All clinical features with ρ < 0.10 were entered into a
logistics regression model. Different sets of decision rules
were tried in order to develop one decision rule with
100% sensitivity for fractures. Decision rules with a higher
specificity at the cost of missing fractures were considered
unsuitable. The final decision rule for our population
was based on the following elements: 1) age ≥55 years,
2) inability to continue activity after trauma, 3) support
injured wrist by contralateral hand for pain relief, 4) wrist
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deformity, 5) swelling and/or hematoma and 5) reduced
range of wrist motion. Table 3 shows the performance of
the target clinical decision rule in our study population.
It identified all fractures; however, it also identified 16
patients without a fracture incorrectly.
The positive predictive value for a wrist fracture was
0.80 (95%CI 0.69 to 0.88), and the negative predictive
value for a wrist fracture was 1.00 (95%CI 0.76 to 1.00).
The clinical decision rule had a sensitivity of 1.00 (95%
CI 0.93 to 1.00) and specificity of 0.50 (95%CI 0.32 to
0.68). Application of this clinical decision rule would
have led to a radiography rate of 83%, which means a
reduction of 17% without missing any wrist fractures.

Discussion
This pilot study aimed to identify predictors for wrist
fractures and covered the full spectrum of adult patients
with acute wrist injury. The study sample was heterogeneous regarding trauma mechanisms and had a wide
range in patient age. Thompson [21], who studied the
epidemiology of distal radius fractures, found that the
incidence of wrist fractures had a female:male ratio of
3.9:1. In our cohort, two thirds of the patients were
female. No significant association between the female gender and presence of a fracture was found (P = 0.404). This
might be attributed to the small sample size of our cohort.
Our purpose was to identify variables from both patient
history as wrist assessment with a predictive value for
wrist fractures. Emergency physicians are only likely to
support a clinical decision rule if it is based on clinical
variables that are easy and not time consuming to check
[22]. In our cohort, a number of variables were found to
be independently associated with the presence of a fracture. Our results share both differences as similarities with
previous studies.
Age of 55 or above and the inability to carry weight
directly after trauma were independently associated with
the presence of a wrist fracture in our cohort. We also
tried the cut-off values of 50 and 60 years, but 55 years
Table 3 Performance of the clinical decision rule (N = 95)
Fracture present

Fracture
absent

Yes

63

16

No

0

16

Fracture predicted

Sensitivity

1.00 (95% CI 0.93 to 1.00)

Specificity

0.50 (95% CI 0.32 to 0.68)

Positive predictive value

0.80 (95% CI 0.69 to 0.88)

Negative predictive value

1.00 (95% CI 0.76 to 1.00)

Patients correctly identified

83.2%

Radiographic rate reduction

100% to 83.2% = 16.8%
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had the highest predictive value. This result is in line
with what has been described in the literature [8]. The
incidence of fractures increases with age and shows an
increase after the menopause due to osteoporosis [21].
To our knowledge, the inability to carry weight as a
predictor for wrist fractures was never tested before. We
adopted this variable from the Ottowa ankle rules, and it
seems that its predictive power may be applicable to
wrist injuries as well.
However, the majority of the significant predictors for
wrist fractures in our cohort was based on clinical wrist
assessment. Multiple studies [11-15,23] found associations
between visible wrist deformity, presence of hematoma or
swelling and reduced range of motion and the presence of
a fracture. Except for localised tenderness, we identified
the same predictors, and therefore, associations between
wrist deformity, presence of hematoma or swelling, reduced range of motion and wrist fractures seem justified.
Localised tenderness [11-15] did not discriminate between
a fracture or contusion in our population because it was
present in all patients. We believe that radial tenderness is
the main reason for patients to present themselves at the
emergency department irrespective of the presence of a
possible fracture or soft tissue injury, and therefore, it is
not a disciminating factor. Logically, wrist deformity was
found to be a strong predictor of a fracture in our cohort.
We agree with Cevik [23] that a wrist deformity should be
treated as a fracture until proven otherwise and forms a
strong indication for wrist radiography.
Abnormal supination or pronation [14] and pain with
motion [15] have been associated with fractures in past
studies. Four of the six tested ranges of motion were
associated with the presence of a fracture. Reduced ulnar
deviation and reduced pronation were not, most likely
due to the heterogeneity of the fracture locations and
therefore different symptomatology. We believe that any
reduced range of wrist motion is an indication for radiographic assessment.
We found a radiography rate of 100% in our study,
which shows that emergency physicians appear reluctant
to rule out a fracture based on clinical judgement alone.
In a recent study by van den Brand [18], a radiography
rate of 91.5% was found while missing at least four fractures. In times of evidence-based medicine and pressure
on health-care costs, it is essential to balance the risk of
missing a fracture with the costs of radiographic assessment and exposure to radiation. We agree with van den
Brand that it will be difficult to define a decision rule due
to the high fracture ratio in wrists and might therefore not
reach the same relative efficiency as the decision rules for
knee and ankle trauma [7,8]. However the application of
the decision rule for wrist injury in our population would
have led in a radiographic reduction of 17% without missing any fractures. Therefore, a clinical decision rule for
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wrist injuries could lead to a less conservative approach to
wrist injuries and a small reduction in radiography. This
view is supported by our colleagues in Amsterdam [7],
who recently started a large multicentre study to identify a
decision rule for wrist trauma.
We composed a decision rule based on the presence
of any of the following variables: age ≥55 years, inability
to continue activity after trauma, support injured wrist
by contralateral hand for pain relief, wrist deformity,
swelling/hematoma and reduced range of motion. However, our rule lacks prospective validation, and therefore,
generalisation of our results is premature. In the future,
large cohort studies like the multicentre study of the
Amsterdam Wrist Rules Study Group [24] are needed to
establish evidence-based wrist assessment.

Conclusions
The clinical predictors for wrist fractures identified in
this population are in line with what is found in previous
studies. Future studies are needed for evidence-based
wrist assessment and validation of a decision rule for
acute wrist injury.
Abbreviations
CRF: case report form; CI: confidence interval; CWZ: Canisius-Wilhelmina
Ziekenhuis; DRUJ: distal radio-ulnar joint; ED: emergency department;
OR: odds ratio; RadboudUMC: University Medical Centre (RadboudUMC);
SPSS: Statistical Package for Social Statistics Version 21.0.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
The work presented here was carried out in collaboration between all
authors. AB designed the study and directed its implementation, including
quality assurance and control. MAIJ designed the study’s analytic strategy
and was in charge of the acquisition and analysis of the data. Both authors
contributed to, seen and approved the manuscript.
Authors’ information
AB is a fully certified emergency physician registered at the KNMG in the
Netherlands. Currently combining the emergency department with work as
an expedition doctor abroad, she is one of the co-founders of Outdoor
Medicine the Dutch Expedition and Wilderness Medicine Society. MAIJ is a
medical student at the RadboudUMC in Nijmegen, the Netherlands.
Acknowledgements
We would like to express our great appreciation to Dr. Jeroen F. Prette,
radiologist CWZ, for assessing the radiographic images. The constructive
comments given by Dr. Tarek Loubani have been of great value during the
write up. Our special thanks are extended to the staff of the emergency
department for their assistance; especially, the collection of data by the
emergency physicians was greatly appreciated.
Author details
1
Emergency Department, Canisius-Wilhelmina Ziekenhuis (CWZ), Postbox
9015, 6500, GS Nijmegen, the Netherlands. 2RadboudUMC, Comeniuslaan 4,
6525, HP Nijmegen, the Netherlands.
Received: 16 May 2014 Accepted: 22 January 2015

Page 5 of 5

References
1. Court-Brown CM, Caesar B. Epidemiology of adult fractures: a review. Injury.
2006;37(8):691–7. Epub 2006 Jun 30.
2. Brogren E, Petranek M, Atroshi I. Incidence and characteristics of distal radius
fractures in a southern Swedish region. BMC Musculoskelet Disord. 2007;8:48.
3. Galano GJ, Vitale MA, Kessler MW, Hyman JE, Vitale MG. The most frequent
traumatic orthopaedic injuries from a national pediatric inpatient
population. J Pediatr Orthop. 2005;25(1):39–44.
4. Ng CY, McQueen MM. What are the radiological predictors of functional outcome
following fractures of the distal radius? J Bone Joint Surg Br. 2011;93(2):145–50.
5. Metz VM, Gilula LA. Imaging techniques for distal radius fractures and
related injuries. Orthop Clin North Am. 1993;24(2):217–28.
6. Almquist EE. Painful conditions of the forearm, wrist, and hand. In: Loeser
JD, Bonica JD, editors. Bonica’s management of pain. 3rd ed. Philadelphia:
Lippincott Williams & Wilkins; 2001.
7. Stiell IG, Greenberg GH, Wells GA, McKnight RD, Cwinn AA, Cacciotti T, et al.
Derivation of a decision rule for the use of radiography in acute knee
injuries. Ann Emerg Med. 1995;26(4):405–13.
8. Stiell IG, Greenberg GH, McKnight RD, Nair RC, McDowell I, Worthington JR.
A study to develop clinical decision rules for the use of radiography in
acute ankle injuries. Ann Emerg Med. 1992;21(4):384–90.
9. Stiell IG, Greenberg GH, McKnight RD, Nair RC, McDowell I, Reardon M, et al.
Decision rules for the use of radiography in acute ankle injuries. Refinement
and prospective validation. JAMA. 1993;269(9):1127–32.
10. Stiell IG, Wells GA, Vandemheen KL, Clement CM, Lesiuk H, De Maio VJ,
et al. The Canadian C-spine rule for radiography in alert and stable trauma
patients. JAMA. 2001;286(15):1841–8.
11. Pershad J, Monroe K, King W, Bartle S, Hardin E, Zinkan L. Can clinical
parameters predict fractures in acute pediatric wrist injuries? Acad Emerg
Med. 2000;7(10):1152–5.
12. Al-Adhami AS, Brennand CM, Chiam PP, Palmer EM, Schmieder TK, Shah AS,
et al. Clinical diagnosis of fractures in a paediatric population. Eur J Emerg
Med. 2005;12(2):99–101.
13. Rivara FP, Parish RA, Mueller BA. Extremity injuries in children: predictive
value of clinical findings. Pediatrics. 1986;78(5):803–7.
14. Webster AP, Goodacre S, Walker D, Burke D. How do clinical features help
identify paediatric patients with fractures following blunt wrist trauma?
Emerg Med J. 2006;23(5):354–7.
15. McConnochie KM, Roghmann KJ, Pasternack J, Monroe DJ, Monaco LP.
Prediction rules for selective radiographic assessment of extremity injuries in
children and adolescents. Pediatrics. 1990;86(1):45–57.
16. Perry JJ, Stiell IG. Impact of clinical decision rules on clinical care of
traumatic injuries to the foot and ankle, knee, cervical spine, and head.
Injury. 2006;37(12):1157–65. Epub 2006 Oct 31.
17. Slaar A, Bentohami A, Kessels J, Bijlsma TS, van Dijkman BA, Maas M, et al.
Schep NW. The role of plain radiography in paediatric wrist trauma. Insights
Imaging. 2012;3(5):513–7. doi:10.1007/s13244-012-0181-0. Epub 2012 Jun 26.
18. van den Brand CL, van Leerdam RH, van Ufford JH, Rhemrev SJ. Is there a
need for a clinical decision rule in blunt wrist trauma? Injury. 2013;44
(11):1615–9. doi:10.1016/j.injury.2013.07.006. Epub 2013 Jul 31.
19. Wulterkens Th W, van Kesteren RG. Handboek spoedeisende Geneeskunde.
1e druk. 08-03-2013. 9789031381081
20. Guly HR. Injuries initially misdiagnosed as sprained wrist (beware the
sprained wrist). Emerg Med J. 2002;19:41–2.
21. Thompson PW, Taylor J, Dawson A. The annual incidence and seasonal
variation of fractures of the distal radius in men and women over 25 years
in Dorset, UK. Injury. 2004;35(5):462–6.
22. Graham ID, Stiell IG, Laupacis A, O’Connor AM, Wells GA. Emergency
physicians’ attitudes toward and use of clinical decision rules for
radiography. Acad Emerg Med. 1998;5(2):134–40.
23. Cevik AA, Gunal I, Manisali M, Yanturali S, Atilla R, Pekdemir M, et al.
Evaluation of physical findings in acute wrist trauma in the emergency
department. Ulus Travma Acil Cerrahi Derg. 2003;9(4):257–61.
24. Bentohami A, Walenkamp MM, Slaar A, Beerekamp MS, de Groot JA,
Verhoog EM, et al. Amsterdam wrist rules: a clinical decision aid. BMC
Musculoskelet Disord. 2011;12:238. doi:10.1186/1471-2474-12-238.

