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ABSTRACT
Background:
Distal radial fractures (DRF) are treated by internal fixation or
closed reduction and casting (CRC). Over the years, various DRF
classification systems and radiographic thresholds have been
developed to guide management for orthopaedic surgeons, yet
no gold standard has been established. This study sought to
identify patients who presented with DRF and received treat-
ment with CRC and determine if the process of selecting CRC-
managed patients had improved by analyzing radiographic
maintenance of reduction through final bone union.

Methods:
Retrospective review of a single-site database from 2012-2015
identified CRC-managed DRF with pre-CRC, post-CRC, and final-
union radiographs. Outcomes compared included radial height
(RH), radial inclination (RI), volar tilt (VT), teardrop angle (TDA),
and ulnar variance (UV).

Results:
Post-CRC RH increased (7.5 to 10.4mm, P<0.01) and regressed
by 1.3mm by union. RI increased (14.4 to 19.4 degrees, P<0.01)
and returned to 17.3 degrees by union. Mean VT changed from
�9.9 to 7.9 degrees (P<0.01) and to 1.1 degrees by union
(P<0.05). TDA increased by union (34.1 to 44.5 degrees,
P<0.01). UV changed from 1.2 to �0.2mm (P<0.02) to 1.2
mm by union (P<0.01). At presentation the following parameters
had differences when considering established favorable and

unfavorable values at final-union: RH (9.58 vs. 5.26 mm), RI
(16.9 vs. 8.1 degrees), and UV (0.4 vs. 3.9 mm) (all P< 0.0005).

Conclusions:
Current literature demonstrated substantial variation in DRF
management and expectations after CRC. This study revealed
that RH greater than 9.5mm and UV less than 3.8mm at
presentation were associated with successful reductions without
functional deficit.

Key Words
distal radius, fracture, closed reduction, casting, radiographic
parameters, patient selection

INTRODUCTION

Distal radial fractures (DRF) are commonly encountered
orthopaedic injuries, occurring mostly with a bimodal
age distribution within boys and postmenopausal

women.1,2 Multiple studies have reported an increasing in-
cidence of DRF, which has been attributed to an increased
amount of high-energy traumas and an aging population.3,4 A
number of factors, including patient demographics, hand
dominance, and baseline activity level, determine management
decisions for DRF. However, the degree of fracture stability often
dictates whether operative management is necessary. Radio-
graphic parameters of unstable fractures include intraarticular
involvement, radial shortening greater than 5mm, dorsal
angulation greater than 20 degrees, metaphyseal comminu-
tion, or displacement of the radius in either direction by more
than two thirds the width of the shaft.5,6 Unstable fracture
patterns have a higher risk of failing conservative manage-
ment with closed reduction and casting (CRC).7 In these cases,
operative strategies include open reduction and internal
fixation (ORIF), percutaneous pinning, and external fixation.8

Failing to provide proper and timely treatment may result
in complications, such as complex regional pain syndrome,
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malunion, infection, or tenosynovitis.9 Thus, accurate radio-
graphic assessment and interpretation of a DRF is crucial, as
current definitions of fracture instability are structured around
radiographic measurements.10

Closed reduction and casting has been the mainstay treatment
of DRF for decades. More recently, surgeons have shown an
increased preference toward managing active patients with ORIF
due to evidence suggesting that this strategy has improved
functional outcomes.11,12 Despite conflicting evidence in regards
to functional outcomes in the elderly population, management
of DRF in this population is also following the trend.13,14 Rates of
CRC in Medicare patients have decreased from 83% to 74%
between 1997 and 2007; meanwhile, ORIF rates have risen from
1% to 17% during this same time frame.15 Although manage-
ment tendencies of DRF are trending away from CRC, there is no
evidence in the literature indicating that surgeons have become
better at selecting candidates for CRC. Between 1996 and 2004,
three studies evaluated over 350 CRC-managed DRF and found
that up to 88% of the injuries had secondarily displaced, as
determined by radiographic assessment.16–18 CRC achievement
of satisfactory functional results is considered the standard for
determining whether optimal care was delivered; moreover,
reductions that are closest to native anatomy appear to correlate
with better wrist function. As DRF rates continue to rise and
management trends further adapt, there is a need to evaluate the
management decision-making process to determine if patients
are receiving optimal care.
Over the years, various DRF classification systems and

radiographic measurement guidelines have been developed to
assist orthopaedic surgeons in selecting better management
plans.10,19 These systems, in addition to implant advance-
ments, specifically, the introduction of volar locking plates in
2000, have led to a decrease in the number of conservatively
treated DRF.20 Therefore, the purpose of the present study was

to identify patients who presented with DRF and received
treatment with CRC and determine if the process of selecting
CRC-managed patients has improved by analyzing radio-
graphic maintenance of reduction through final bone union.
Specifically, we measured radial height (RH), radial inclination
(RI), ulnar variance (UV) volar tilt (VT), and teardrop angles
(TDA) and compared these measurements at presentation, after
CRC, and at final bone union.

MATERIALS AND METHODS

Data Source
Radiographs performed during emergency department visits at a
single-institution and which diagnosed a DRF, were identified
between July 2012 and March 2015. Institutional review board
approval was obtained to conduct this retrospective study.

Study Population
This study evaluated all patients who had documentation of a
distal radial fracture and subsequently received CRC manage-
ment. Patients were only included in the analysis if they had
the following three wrist radiographs: (1) prereduction radio-
graph at initial presentation, (2) postreduction radiograph
following CRC, and (3) a radiograph after final bone union,
were identified. Final bone union radiographs were dated a
mean of 6.4mo (range, 2 to 51mo) from the initial injury.

Radiographic Assessment
Five radiographic parameters were measured using the
institution’s picture archiving and communication system
(PACS), at each of the three radiographic periods by two of
the authors (Figure 1). Coronal plane measurements included
radial height (RH), radial inclination (RI), and ulnar variance

FIGURE 1. Anteroposterior and posteroanterior radiographs of a patient with a distal radial fracture included in this study (A) prior to reduction, (B) after
closed reduction and casting, and (C) after final bony union.
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(UV). Sagittal plane measurements included volar tilt (VT),
and teardrop angle (TDA).
Radial inclination was represented by the angle formed by

drawing a line perpendicular to the radius’ longitudinal axis
and a tangential line connecting the styloid tip of the radius
to the ulnar edge of the lunate facet (Figure 2A). Radial height
was measured by the distance between two parallel lines that
were perpendicular to the long axis of the radius; one line

was drawn at styloid process tip of the distal radius, and the
other line was drawn across the articular surface of the radius
(Figure 2B). Ulnar variance was measured by comparing the
relative lengths of the articular surfaces of the distal radius
and ulna. The TDA correlated to the arc of the curvature
between the lunate and the articular margin of the radius
(Figure 3A). Volar tilt referred to the angle between a line
perpendicular to the radius’ longitudinal axis from the

FIGURE 2. Coronal plane radiographic parameters. (A) Radial inclination (RI) represents the angle measured by drawing a line perpendicular to the radius’
longitudinal axis and a tangential line connecting the styloid tip of the radius to the ulnar edge of the lunate facet. The normal mean inclination angle is
23.6 ±2.5 degrees. (B) Radial height (RH) is defined as the distance between two parallel lines perpendicular to the long axis of the radius; one line is drawn
at the tip of the distal radial styloid process and the other is drawn on the articular surface of the radius. Normal radial height is between 9.8 and 17.3 mm.
Ulnar variance (UV; not depicted) refers to the relative lengths of the articular surfaces of the distal radius and ulna. UV may be positive (ulna more distal,
>1.0 mm), neutral (same level (0<UV<1 mm), or negative (ulna more proximal,<0mm).10

FIGURE 3. Sagittal plane radiographic parameters. (A) The teardrop angle (TDA) correlates to the arc of the curvature between the lunate and the articular
margin of the radius. (B) Volar tilt (VT) refers to the angle between a line perpendicular to the radius’ longitudinal axis from the margin of the joint and another
line that runs tangentially along the radius’ distal articular surface from the dorsal to volar surface. Normal mean volar tilt is 11.2 ±4.6 degrees.10
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margin of the joint and another that ran tangentially along
the radius’ distal articular surface in the dorsal to volar
direction (Figure 3B).10

Data Analysis
Data analysis was performed using SPSS version 24.0 (IBM
Corp, Armonk, NY). Analysis included one-way ANOVA
tests, and a P-value of<0.05 was interpreted to be statistically
significant. Cohen’s kappa scores were calculated for inter-
rater reliability for all radiographic parameters. Data was
organized, and tables were constructed using Microsoft Excel
2010 (Microsoft Corporation; Redmond, WA).

Consideration of Candidacy
The most studied radiographic parameters used to predict
functional outcomes in DRF managed with CRC include RH,
VT, RI, and UV. Most of the data support RH as being the
strongest predictor of functional outcomes, especially among
elderly patients,10,21 but VT10,14,21,22 also has been found to
predict outcomes to a lesser degree. In general, at final bone
union, a RH greater than 9.3mm or VT greater than 3 degrees
has correlated with better functional outcomes in conserva-
tively managed patients, and despite little evidence correlating
RI with functional outcomes, a RI greater than 15 degrees has
been postulated as a management goal.21,23 Similarly, con-
servatively treated patients with a UV less than 3mm has
been reported by Kodama et al.14 to have superior Mayo
wrist scores (MWS) and Disabilities of the Arm, Shoulder and
Hand (DASH) scores. Thus, using these values as a cutoff to
determine whether CRC management was successful or not,
the prereduction means of successfully managed fractures
were compared against the prereduction means of unsuccess-
fully managed fractures using a Student t-test, and a P-value
of<0.05 denoted statistical significance.

RESULTS

Patient Demographics
The present study identified 42 patients, 31 of whom were
women, with a mean age of 58.98 yr (range, 23 to 100 yr)
(Table 1).

Radial Height, Radial Inclination, and Ulnar
Variance
The mean RH was significantly restored after CRC (7.5 to
10.4mm; P<0.01), regressing only slightly by 1.3mm after
final union. Mean RH was not significantly different between
postreduction and final union measurements or prereduction
and final union measurements. A similar pattern of signifi-
cant change was observed with RI, which increased from 14.4
to 19.4 degrees (P<0.01) following CRC and returned to 17.3
degrees after final bone union (Table 2). Prereduction UV
decreased at postreduction CRC (1.2 to �0.2mm, P<0.02),
and UV was restored by final bone union (1.2mm, P<0.01).
There was no difference in UV between pre-CRC and final
union.

Volar Tilt and Teardrop Angle
The mean VT angle significantly changed at each radio-
graphic period, from �9.9 degrees at initial presentation to
7.9 degrees after CRC (P<0.01) to 1.1 degrees after union
(P<0.05). The mean TDA also significantly increased follow-
ing CRC (34.1 to 49.9 degrees, P<0.01) and did not deviate
significantly from this measurement through final bone
union (Table 2).

Candidacy Analysis
The mean prereduction RH in patients who achieved a
favorable final bone RH was significantly higher than the
mean prereduction RH in those who failed to achieve a
satisfactory RH (9.58 vs. 5.26mm, P=0.0002). A similar
pattern was appreciated with respect to RI (16.92 vs. 8.08
degrees, P=0.0006) and UV (0.41 vs. 3.88mm, P<0.01);

TABLE 1. Demographics, year of injury, and months
taken until union was achieved

Patient Age (y) Gender
Year of
injury

Months
until union

1 70 F 2009 2
2 86 F 2008 6
3 71 M 2012 6
4 64 M 2013 2
5 67 M 2013 9
6 58 M 2008 2
7 46 F 2013 4
8 30 F 2014 2
9 24 M 2012 2
10 67 F 2011 3
11 77 F 2011 48
12 50 F 2011 5
13 58 F 2014 4
14 62 F 2012 2
15 74 F 2012 2
16 46 M 2013 2
17 77 F 2011 48
18 49 F 2012 3
19 46 F 2011 2
20 100 F 2014 2
21 23 F 2009 2
22 59 M 2013 4
23 39 F 2011 3
24 88 F 2010 51
25 81 F 2014 8
26 63 F 2014 3
27 52 F 2014 2
28 46 F 2014 2
29 69 F 2014 3
30 56 F 2015 2
31 64 F 2014 2
32 58 F 2015 2
33 67 F 2014 3
34 78 F 2014 2
35 54 F 2014 2
36 53 F 2014 4
37 39 M 2014 2
38 44 M 2014 5
39 88 F 2014 2
40 67 F 2014 4
41 34 M 2014 2
42 33 M 2014 2
Averages 58.98 - - 6.4
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however, no significant difference was found between mean
prereduction VT values (Table 3).

Interrater Reliability
Between the two surgeons who performed radiographic
measurements, the Cohen’s kappa scores for interrater
reliability for all radiographic parameters were >0.892,
indicating a strong level of agreement.24

DISCUSSION
Radiographic measurements have been described in various
ways in the literature, which results in significant interob-
server variability. However, the literature appears to agree
that the majority of DRF managed with CRC undergo
secondary displacement at some time prior to final bone
union.18 Furthermore, the literature trends show that a distal
radial malunion in younger patients is associated with poorer
functional outcomes.25 For the elderly, secondary displace-
ment occurs at higher rates.18 However, the correlation
between malunion and poorer functional outcomes has not
been made in this population.13,26,27 Between 1996 and
2004, the rates of internal fixation across all age groups
nearly doubled, reflecting the recent introduction of volar
locking plates and some literature showing improved func-
tional outcomes for operatively treated DRF.28,29

Many studies have sought to analyze radiographic meas-
urements in conservatively managed DRF, but most of these

studies were conducted before or during the time that trends
were shifting toward increased management with internal
fixation. The present study, which evaluated DRF treated
with CRC between 2012 and 2015, determined that all
radiographic measurements significantly improved after
CRC, and acceptable RH, RI, and VT values were maintained
through union. On the other hand, TDA, despite improving
significantly after CRC, never attained normal values.
However, this measurement is relatively new to the literature,
and normal postreduction values have not been reported
elsewhere. Additionally, the present study found that
patients with a RH less than 9.5mm and UV of greater than
3.8mm at time of presentation may be at significant risk for
having suboptimal functional outcomes if treated conserva-
tively. This is based on the present study’s radiographic
findings in the context of previous studies that have
evaluated correlations between radiographic parameters and
functional outcomes.
Radial height is normally 9 to 12mm in length.23 Shortening

of this measurement below 9mm results from comminution
and impaction of fracture fragments, and shortening of 5mm or
more compared to the contralateral distal radius is a marker of
fracture instability.23 Similar to the present study, Azzopardi
et al.30 between 1997 and 2000 andWong et al.31 between 2006
and 2007 demonstrated RH improvement after CRC, achieving
postreduction values of 10mm and 10.7mm, respectively.
However, after final bone union, both studies reported that
CRC-managed patients had a mean RH that regressed below
prereduction values (4.2–5.0mm), possibly suggesting that
these patients were poor candidates for conservative manage-
ment.30,31 Similarly, Bagul et al.32 found statistically significant
improvement in the mean RH of 15 DRF following CRC (6.1 to
7.9mm, P<0.001). However, this postreduction RH was outside
what is considered “normal,” suggesting that either the patients
of this study were poor candidates for CRC, or that there was
poor technique used to reduce fractures in this study. Many
other studies dating from 1990 to 2015 failed to achieve
acceptable final union RH values.8,27,33 A 2015 study by Cai
et al.21 demonstrated that RH was the most important radio-
graphic determinant of final function and that loss of RH was
associated with poor functional outcomes, evidenced by a
strong correlation between a final union RH>9.3mm and a
Mayo Wrist Score (MWS) of 80 or higher. Using this 9.3-mm
cutoff for RH at final union, the present study found that
patients who achieved this measurement goal had amean RH of
9.5mm at the time of injury. Similarly, Kodama et al.14

demonstrated that among patients treated conservatively, those

TABLE 2. Comparison of mean prereduction, postreduction, and at-union measurements

Pre-CRC mean
(range)

Post-CRC
mean (range)

Union mean
(range)

P-value pre-
to-post CRC

P-value Pre-
CRC to union

P-value Post-
CRC to union

RH (mm) 7.5 (3.9 to 16.2) 10.4 (4.4 to 16.8) 9.1 (3.0 to 17.2) <0.01* >0.05 >0.05
RI (dg) 14.4 (−8.0 to 28.8) 19.4 (6.0 to 29.3) 17.3 (6.0 to 29.3) <0.01* >0.05 >0.05
UV (mm) 1.2 (−8.4 to 9.5) −0.2 (−4.8 to 3.6) 1.2 (−4.7 to 6.1) <0.02* >0.05 <0.01*
VT (dg) −9.9 (−35.0 to 15.0) 7.9 (−6.8 to 28.5) 1.1 (−24.4 to 26) <0.01* <0.01* <0.05*
TDA (dg) 34.1 (0 to 60.0) 49.9 (26.3 to 72.0) 44.5 (10.8 to 70) <0.01* <0.01* >0.05

*Significant difference as determined by one-way ANOVA testing.
RH, radial height; RI, radial inclination; TDA, teardrop angle; UV, ulnar variance; VT, volar tilt.

TABLE 3. Comparison of prereduction means of
successfully managed fractures and unsuccessfully
managed fractures, determined by utilizing
established cutoffs for radiographic parameters

Radiographic
parameter

Mean pre-
reduction value
in successful

CRC
management*

Mean pre-
reduction value
in unsuccessful

CRC
management P

RH (mm) 9.58±3.67 5.26±3.13 0.0002
RI (dg) 16.92±6.71 8.08±7.45 0.0006
VT (dg) −5.29±16.96 −13.73±11.89 0.0660
UV (mm) 0.41±2.81 3.88±2.85 0.0043

*Successful CRC management was defined by a final bone union value of
>9.3mm for RH, >15 degrees for RI, >3 degrees for VT, and<3mm for UV.
RH, radial height; RI, radial inclination; TDA, teardrop angle; UV, ulnar
variance; VT, volar tilt.
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with UV of less than 3mm at final examination had superior
MWS and DASH scores. Using this 3-mm cutoff at final union,
the present study found that patients who achieved this
measurement goal had a mean UV of 0.4mm. Therefore, the
authors of this study believe that patients initially presenting
with a RH less than 9.5mm or UV greater than 3.8mm at time
of injury may benefit from consideration of nonconservative
treatment, given the potential for poor functional outcomes
based on RH and UV values at union.
The normal range of RI is 19 to 29 degrees, but in the event of

a DRF, improvement of inclination to greater than 15 degrees is
considered acceptable.23 Loss of radial inclination in DRF shifts
the load distribution more to the lunate fossa and less to the
scaphoid fossa, resulting in abnormal wrist joint mechanics.34

Altering wrist joint mechanics can predispose the wrist to
posttraumatic arthritis. Wong et al.31 examined pre and post-
CRC, and final union radiographs in 30 patients with DRF, and
reported comparable mean RI measurements to the present
study (13 degees at initial presentation, 23 degrees after CRC,
and 16 degrees after bone union). Other studies have shown
similar findings, although in these studies, the RI was within a
normal range at initial presentation as well.13,30 Multiple other
studies agree that an acceptable RI can be achieved with CRC
by time of bone union.27,33,35,36 However, it should be noted
that reduction technique influences postreduction radiographic
parameters. Wichlas et al.37 reported substantially higher RI
values when reduction was preceded by 15min of hanging
traction. Overall, the literature suggests that RI can be restored
and maintained to normal values with CRC management,
contrary to varying results pertaining to radial height. The
present study found a significant difference between mean RI at
time of presentation based on the achievement or lack of
achievement of a final union RI of 15 degrees. However, most
studies have demonstrated appropriate restoration of RI, and
there is little evidence to support RI as a predictor of functional
outcomes in RI, making little significance of this finding.
A negative VT indicates dorsal angulation of the distal radial

articular surface. Although normal values range from 0 to 22
degrees, an acceptable value after reduction of a DRF is any value
within 20 degrees of the contralateral distal radius.23 Loss of VT
greater than 10 degrees has been shown to markedly decrease
the radioscaphoid and radiolunate articular contact areas,
leading to significant increases in pressure load to the dorsal
aspect of the radiocarpal joint and predisposing the wrist to
dorsal radiocarpal instability.38 Studies have shown significant
reductions in dorsal angulation after CRC in DRF patients.18,30

Although multiple studies have reported acceptable VT values at
time of bone union after CRC comparable to this study, these
studies did not report prereduction or postreduction measure-
ments, making it hard to draw definitive conclusions.8,27,35

Other studies have refuted CRC success by reporting that dorsal
angulation persisted in the long-term.39 For example, Egol et al.33

reported that, the mean VT decreased from -1.1 to -5.8 degrees
between 3 and 12mo after reduction, but the study failed to
report any normalized VT values, making it uncertain whether
acceptable values were attained immediately after reduction.
Largely, there is a lack of convincing evidence in the current
literature to determine if restoration of VT is more achievable
with CRC now than in the past. To the best of the authors’
knowledge, no previous study has reported prereduction or

postreduction VT measurements in CRC-managed patients.
Additionally, some studies have supported the fact that restora-
tion of VT has a positive influence on functional outcomes.14

Cai et al.21 suggested a goal value for final union VT to be greater
than 3 degrees, at which point the MWS was likely to be 80 or
higher. The present study found that patients on either side of
this cutoff did not significantly differ in terms of mean VT at
presentation; thus, despite correlation between VT and func-
tional outcomes, we were unable to predict which patient might
achieve an acceptable reduction with restoration of VT with CRC
therapy based on prereduction VT.

The normal TDA of 68 to 70 degrees was first described by
Medoff in 2005.10 After reduction, a depression of this angle may
be an indicator that articular incongruity remains despite
restoration of radial inclination and volar tilt.10,40 There is a
significant paucity of data regarding TDA in the literature,
especially as it relates to CRC. In 2011, Forward et al.41 published
the only other study to date that analyzed prereduction,
postreduction, and final union TDA values, finding that the
TDA significantly improved after CRC (47 to 58 degrees,
P<0.0001) and was maintained through final union (56
degrees). No study to date, including those that have evaluated
TDA outcomes after surgical management, has achieved
successful restoration of the TDA in the normal reported range.

The retrospective nature of the present study poses certain
limitations. The size of the cohort included is one major
limitation; these patients were included, as they met all
inclusion criteria and had full radiograph sets. Nevertheless,
there is a downward trend in conservative management of
distal radial fractures and a paucity of literature on acceptable
parameters at presentation for conservative management.28

Moreover, this cohort size is similar to several related
studies.8,42,43 Additionally, the mean age of the study
population was 58.98 yr; while this may indicate a relatively
younger cohort, the study population actually had a bimodal
age distribution (46 and 67 yr). Although age has been
determined to effect reduction outcomes, our study popula-
tion, though small, represented both relatively younger and
elderly patients.18 In addition, the study cohort varied in
patient demographic data, and fracture classification and
severity were not recorded.

In conclusion, most of the current literature on the topic of
radiographic outcomes of CRC-managed DRF is underpowered,
and few studies have reported analyzing radiographs at initial
presentation, postreduction, or after final union. With the
literature that does exist, follow-up timelines vary, and marked
inconsistencies in results have been reported. Also, little attempt
has been made to assess the predictive value of various
radiographic measurements on functional outcomes. This sup-
ports the fact that management decisions for DRF with CRC
remain subjective. Results from the present study underscore the
importance of developing standardized guidelines to properly
assess radiographs in DRF patients. Additionally, using predeter-
mined final union goals, this study found that patients with a RH
greater than 9.5mm and UV less than 3.8mm at time of injury
would be likely to achieve successful reduction without functional
deficit. Establishment of guidelines would offer surgeons the
ability to make better management decisions that are both
evidence-based and will correlate better with radiographic and
functional outcomes.
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