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Abstract
Purpose—To assess the ability of volar locked plating to achieve and maintain normal
radiographic parameters for articular stepoff, volar tilt, radial inclination, ulnar variance, and
radial height in distal radius fractures.

Methods—We performed a retrospective review of 185 distal radius fractures that underwent
volar locked plating with a single plate design over a 5-year period. We reviewed radiographs and
recorded measurements for volar tilt, radial inclination, ulnar variance, radial height, and articular
stepoff. We used logistic regression to determine the association between return to radiographic
standard norms and fracture type.

Results—At the first and final postoperative follow-up visits, we observed articular congruence
less than 2 mm in 92% of fractures at both times. Normal volar tilt (11°) was restored in 46% at
the first follow-up and 48% at the final one. Radial inclination (22°) was achieved in 44% at the
first follow-up and 43% at the final one, and ulnar variance (01 ± 2 mm) was achieved in 53% at
the first follow-up and 53% at the final one. In addition, radial height (14 ± 1mm) was restored in
14% at the first follow-up and 12% at the final one. More complex, intra-articular fractures (AO
class B and C and Frykman types 3, 4, 7, and 8) were less likely to be restored to normal
radiographic parameters. However, because of the small sample size for some fracture types, it
was difficult to discover significant associations between fracture type and radiographic outcome.

Conclusions—Volar locked plating for distal radius fractures achieved articular stepoff less
than 2 mm in most fractures but only restored and maintained normal radiographic measurements
for volar tilt, radial inclination, and ulnar variance in 50% of fractures. The ability of volar locked
plating to restore and maintain ulnar variance and volar tilt decreased with more complex intra-
articular fracture types.
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Volar Plate Fixation has become the preferred method of internal fixation for distal radius
fractures.1–6 Chen and Jupiter7 and Orbay and Fernandez8, 9 showed that compared with
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other methods of fixation, volar plating for distal radius fractures allows for better anatomic
reduction, earlier return of hand and upper limb function, decreased amount of occupational
therapy postoperatively, less pain, decreased risk of displacement, and increased cost
savings. Because of the correlation between anatomic reduction and functional outcome,
locked plating systems were developed for distal radius fractures to assist with fixation in
more difficult cases, such as in unstable osteoporotic bone and highly comminuted
fractures.4

On standard posteroanterior and lateral radiographs, 5 measurements can be used to evaluate
the anatomy of the distal radius: volar tilt, radial inclination, ulnar variance, radial height,
and articular surface congruity. Abnormalities in the anatomy of the wrist joint have been
shown to lead to decreased grip strength and range of motion, instability of the distal
radioulnar joint, pain, Kienböck disease, acute scapholunate instability, ulnocarpal
impaction, and radioulnar impingement.7, 10–16 Regarding articular congruency, Knirk and
Jupiter17 demonstrated that failure to achieve or maintain congruity of the articular surface
(defined as stepoff of < 2 mm) until union was the most important factor in the development
of radiographic evidence of posttraumatic arthritis after fracture.

In this study, we hypothesized that volar locked plating would help restore and maintain
normal volar tilt, radial inclination, ulnar variance, and radial height, and provide articular
congruency with less than 2 mm of stepoff. We also hypothesized that the ability to achieve
normal radiographic measurements would be associated with fracture classification.

MATERIALS AND METHODS
Between 2005 and 2009, 3 board-certified, fellowship-trained orthopedic hand surgeons at
our level 1 traumacentertreated 420 distal radius fractures in 408 patients with operative
fixation. All fractures underwent fixation with a Hand Innovations DVR plate (DePuy,
Warsaw, IN). Most plates used had 3 or 4 holes and were of standard size. In most cases, the
distal row of the plate was filled entirely or 1 hole was left empty. Both smooth pegs and
threaded screws were used with equal frequency. Entry criteria for the study were age
greater than 18 years; availability of adequate series of radiographs, including at least 1
preoperative posteroanterior (PA) and lateral radiograph (an injury film, postreduction film,
or both) and 2 postoperative PA and lateral radiographs (1 taken at the first postoperative
follow-up visit and 1 at least 6 weeks after surgery); open reduction and internal fixation
using a single type of volar locking plate with no other type of fixation used; no prior
fixation; and a minimum follow-up of 6 weeks postoperatively. Of the 420 fractures
identified, we excluded 235, which left 185 fractures available for study. We excluded 66
fractures because of a lack of adequate radiographs, 39 because a different type of plate was
used, 59 because additional fixation or fixation with another device was employed (ie,
Kirschner wires, external fixator), 64 because of follow-up less than 6 weeks, and 7 because
patients underwent revision surgery for nonacute fractures (ie, fractures > 3 wk old,
nonunions, or failure of previous fixation).

We collected and managed study data using Research Electronic Data Capture electronic
data capture tools.18 Research Electronic Data Capture is a secure, Web-based application
designed to support data capture for research studies and provides an intuitive interface for
validated data entry, audit trails for tracking data manipulation and export procedures,
automated export procedures for seamless data downloads to common statistical packages,
and procedures for importing data from external sources.18, 19 After we obtained
institutional review board approval, 2 fellowship-trained musculoskeletal radiologists and a
senior orthopedic resident reviewed de-identified PA and lateral radiographs from the time
of injury or after closed reduction, initial postoperative follow-up, and minimum 6-week
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postoperative follow-up. No reviewers were participants in the operative procedures. Each
fracture with an injury film was classified according to the Frykman and AO classification
systems by a board-certified, fellowship-trained hand surgeon.20–23 For the AO
classification system, we categorized fractures as A, B, or C and then further divided them
into 1, 2, or 3. We did not classify fractures without injury films (48 fractures out of 185).

We measured volar tilt, radial inclination, ulnar variance, and radial height on each film
(injury or postreduction, first postoperative, and second postoperative) and recorded them in
either degrees or millimeters. Articular congruency was categorized as 0 to 2 mm, or 2 mm
or greater. Days to the first postoperative follow-up ranged from 1 to 34 (median, 11 d) and
days from surgery to the second postoperative follow-up ranged from 42 to 170 (median, 83
d). We excluded radiographs that were of inadequate quality to make accurate
measurements. Methods for making measurements were based on those described by Mann
et al.14 We measured volar tilt on a lateral radiograph by determining the angle formed
between the long axis of the radius and a line drawn along the articular surface16 (Fig. 1A).
Normal volar tilt was considered to be 11° ± 5°.24 We measured radial inclination on a PA
radiograph by determining the angle formed between the long axis of the radius and a line
drawn from the distal tip of the radial styloid to the ulnar corner of the lunate fossa25 (Fig.
1B). Normal radial inclination was considered to be 22° ± 3°.10, 26 We measured ulnar
variance on a PA radiograph using the method of perpendiculars. We identified the long axis
of the radius and drew a line perpendicular to this, extending through the ulnar-most corner
of the lunate fossa. We recorded the distance between this line and the distal-most point of
the ulnar dome as the ulnar variance, where a positive number denoted ulnar positive and a
negative number denoted ulnar negative15 (Fig. 1C). Normal ulnar variance was considered
to be 0.7 ± 1.5 mm.27 We determined radial height by finding the long axis of the radius and
then extending a line perpendicular to it at the tip of the radial styloid on a PA radiograph.
We recorded the distance between this line and the distal-most point of the ulnar dome10

(Fig. 1D). Normal radial height was considered to be 14 ± 1 mm.28 We defined the accepted
functional range for each measurement, excluding radial height, based on functional
outcomes from the literature (≤ 20° dorsal angulation, ≥10° radial inclination, ≤5 mm ulnar
variance, and < 2 mm stepoff).14, 16, 17, 29

We evaluated articular congruency by looking at the articular surface of the distal radius on
either a PA or lateral film. We measured any noted stepoff and recorded it as either less than
2 mm or 2 mm or greater. We chose 2 mm as a cutoff based on the work of Knirk and
Jupiter,17 who demonstrated that patients with 2 mm or more of stepoff after reduction of
distal radius fractures had a significant chance of developing radiographic evidence of
posttraumatic arthritis.

We conducted a pilot study with 10 fractures and 4 radiographs per fracture (injury, after
closed reduction, at initial postoperative follow-up, and at second postoperative follow-up)
to assess interobserver agreement for 5 measurements: volar tilt, radial inclination, ulnar
variance, radial height, and articular stepoff. Four observers (2 fellowship-trained
musculoskeletal radiologists, a senior orthopedic resident, and a senior medical student)
each looked at all 40 films independently and made all 5 measurements for each film. The
average Spearman rank correlation coefficient between readers was greater than 0.75 for all
measurements except articular stepoff. Therefore, we divided the total number of fractures
among 3 observers for the purpose of measuring volar tilt, radial inclination, ulnar variance,
and radial height. However, because the interobserver correlation was low, each observer
measured articular stepoff for every film, and a consensus measurement among the 3
observers was recorded.

Mignemi et al. Page 3

J Hand Surg Am. Author manuscript; available in PMC 2014 January 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Statistical methods
The sample is summarized by demographic variables in which the minimum, maximum, and
25th, 50th and 75th percentiles are given for continuous variables (age, days from injury to
surgery, days from surgery to first follow-up, days from surgery to second follow-up, volar
tilt, radial inclination, ulnar variance, and radial height) and proportions are given for
categorical variables (sex, hand dominance, injured hand, surgeon, location, and stepoff).
The proportion of patients who fell in the normal ranges is given for each time point and
fracture type. In addition, the mean and standard deviation of each measure are given by
time and fracture type. To determine whether fracture type may be related to having a
measurement in the normal range, a logistic model that also adjusted for the average
presurgery measure, age, and sex is presented. This was done for the AO classification with
3 groups and for the Frykman classification with 4 groups. The 4 Frykman groups were
(1,2), (3,4), (5,6), and (7,8).

RESULTS
Table 1 lists patient demographics. As expected, the vast majority of preoperative films were
not within the range of radiographic norms (Table 2). At any measure for both first and
second follow-up visit, no more than 50% of fractures achieved the normal metric for volar
tilt, radial inclination, ulnar variance, and radial height (Tables 3, 4). The means of all
radiographic measurements were improved from injury to first postoperative follow-up and
stayed relatively similar at the second postoperative follow-up. In 5 cases, there was
penetration of distal screws or pegs through the subchondral surface, which appeared to
result from subsidence of the fracture fragments.

Whereas the percentage of fractures reaching the normal measures increased for all fracture
types from the time of injury to the first postoperative visit, the percentage of fractures
falling within the normal range for some measurements decreased for several fracture types
(Tables 2–4), which indicated a potential loss of reduction. When the change in
measurement for each parameter was less than the standard deviation, this was most likely
the result of small differences in observer measurements or changes in the rotation of the
radiograph. However, when the change in measurement for each parameter from the initial
to the final postoperative follow-up was greater than the standard deviation, we reanalyzed
the films to evaluate for loss of reduction. A total of 25 fractures fell into this category. Of
these, 19 had minimal or no loss of reduction, findings attributable to mild changes in the
rotation of the radiograph. Five fractures had loss of reduction: 4 were C3 fractures and 1
was a C2 fracture. In 2 of these 4 fractures, the screws in the distal end of the plate were too
short, which led to loss of fixation. One fracture had a previous fracture malunion proximal
to the fracture site, which resulted in overall poor alignment of the fracture fragments. Of all
radiographic parameters, radial height was least likely to be restored to normal, whereas
radial inclination was the measurement least likely to be maintained within the normal range
from initial follow-up to the final postoperative follow-up, especially in more complex
fracture types.

At the initial postsurgery follow-up, correction of ulnar variance was associated with
Frykman classification (P = .021). Patients with Frykman types 3, 6, and 7 (intra-articular
fractures involving the radiocarpal joint, distal radioulnar joint, or both) were less likely than
other patients to achieve a normal ulnar variance (Table 3). At the final follow-up, only
correction of volar tilt was associated with AO classification (P = .019). Patients with AO
classifications of C1 to C3 (complex, intra-articular fractures) were less likely than others to
achieve a normal measure of volar tilt (Table 4). Figure 2 shows the distributions of each
measurement and how they compared with the radiographic norm and also with the
acceptable functional range from the time of injury to the second postoperative follow-up.
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Whereas the group as a whole approached the radiographic norm for each measurement,
many fractures did not achieve a measurement within the normal range.

DISCUSSION
Many studies have illustrated the importance of achieving anatomic reduction of distal
radius fractures in terms of functional outcome and preservation of the normal biomechanics
of the wrist. In 1951, Gartland and Werley30 demonstrated that acceptable reduction of
distal radius fractures was based on restoration of volar tilt to 11° and radial inclination to
23° after closed reduction.7, 31 Porter and Stockley29 demonstrated that poorly reduced
fractures (> 20° of dorsal angulation and/or < 10° of radial inclination) had worse outcomes
with lower grip strength at 6 months and 2 years. Others have shown that in addition to
decreased grip strength, dorsal angulation greater than 12° was associated with midcarpal
instability, pain, decreased range of motion, and difficulty performing activities of daily
living. 7, 10, 12, 14, 16, 29, 31–34

Restoration of normal radioulnar relationship has been shown to predict functional outcome
after distal radius fractures as well. Mann et al16 and Altissimi et al14 demonstrated that
residual ulnar-positive deformity greater than 5 mm was associated with unsatisfactory
outcomes in more than 40% of patients with distal radius fractures. Changes in ulnar
variance have also been associated with the development of acute scapholunate instability,
ulnocarpal impaction, and radioulnar impingement.14, 15 Loss of radial height has been
demonstrated to cause poor functional outcomes after fractures of the distal
radius.10, 14, 35, 36

In addition to volar tilt, radial inclination, ulnar variance, and radial height, articular
congruence is an important factor in the long-term outcome of fractures of the distal radius.
In a retrospective review, Knirk and Jupiter17 noted that all patients who had articular
stepoff of greater than 2 mm at the time of union developed radiographic evidence of
posttraumatic arthritis. Only 11% of patients who had normal articular congruence at the
time of union developed radiographic evidence of posttraumatic arthritis regardless of the
amount of articular displacement at the time of injury. Nevertheless, the development of
radiographic evidence of posttraumatic arthritis has not been shown to affect functional
outcome.37

In recent years, the trend toward operative fixation of distal radius fractures reflects the
negative impact that disruption of anatomical relationships and biomechanical properties of
the wrist joint can have on outcomes.7 Residual dorsal angulation leads to increased torque
and changes in load bearing across the radiocarpal and ulnocarpal joints.10, 14, 38 Changes in
the normal volar tilt of the distal radius leads to a shift in contact points for load transfer and
a significant increase in the axial load supported by the ulna and ulnocarpal joint of greater
than 200%.7, 14, 36, 39 An increase or decrease in ulnar variance of as little as 1 mm can alter
the biomechanics of the wrist as well. Residual ulnar-minus deformity can lead to
scapholunate dissociation and excess ulnar-positive deformity can cause ulnocarpal
impaction. Loss of radial height is associated with shifts in thecenterof rotation during
pronation and supination, as well as an increased strain on the triangular fibrocartilage
complex of up to 13%.7, 39–41

Newer techniques in plate fixation—namely, volar locked plating—have become the
preferred method in treatment of these types of fractures because of their ability to help
achieve and maintain stable fracture fixation despite osteoporotic or unstable or highly
comminuted fractures. 4, 7, 42, 43 Martineau et al4 found open reduction internal fixation to
be most successful at obtaining anatomic reduction in terms of palmar tilt, radial inclination,
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radial length, and articular gap/stepoff. Chen and Jupiter,7 Osada et al,43 and Cole et al44

showed that, compared with dorsal plates and nonlocking volar plates, volar locking plates
provide increased biomechanical strength.

Up to 20° of dorsal angulation and a minimum of 10° of radial inclination have been shown
to have acceptable functional results.29 Ulnar variance and radial height are less forgiving,
with functional outcomes affected by only a few millimeters of change. In terms of articular
congruence, almost no deformity is the generally accepted goal; 2 mm of stepoff is
significant for the development of radiographic signs of posttraumatic arthritis.17

In our study, we demonstrated that volar locked plating improved all radiographic
parameters from the time of injury to postoperative follow-up. While restoration of anatomic
norms was achieved in less than 50% of fractures, average correction of radiographic
measurements fell within acceptable functional ranges in 88% of patients based on values
from the literature of < 20° of dorsal angulation,29 > 10° of radial inclination,29 and < 5 mm
of ulnar variance.14, 16 Ulnar variance was the parameter most likely to be restored to
normal, whereas radial height was least likely to be corrected and radial inclination was least
likely to be maintained. The vast majority (> 90%) of fractures were reduced with less than
2 mm of articular stepoff. Although the more complex, intra-articular fractures were less
likely to achieve normal radiographic parameters, because of the small sample size available
for some fracture types, it was difficult to make a significant association between fracture
type and radiographic outcome.

This study has some limitations. Because this is a retrospective review, the data are subject
to confounding variables. Observers making radiographic measurements of volar tilt, radial
inclination, ulnar variance, radial height, and articular stepoff were not blinded to results
when evaluating each radiograph. In addition, our study did not include evaluation of
functional outcomes. We did not compare volar locked plating with any other type of
fixation, and our outcomes may have been influenced by the particular type of plate used or
by the fact that we excluded more severe fracture types necessitating additional fixation
(Kirschner wires, external fixators, etc). Our study was also limited because we only
reviewed plain radiographs when making our measurements. Compared with computed
tomography for evaluation of gap and stepoff in fractures of the distal radius, plain
radiographs have been shown to underestimate the amount of articular incongruency.44

Thus, it is possible that we might have found more fractures with greater than 2 mm of
articular stepoff if computed tomography scans had been used to evaluate the articular
surface.
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FIGURE 1.
Method of measuring A volar tilt, B radial inclination, C ulnar variance, and D radial height.
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FIGURE 2.
Distribution of palmar tilt, radial inclination, ulnar variance, and radial height over time 4
points: injury, postreduction, first postoperative follow-up, and second postoperative follow-
up. Radiographic normal range (volar tilt, 11°; radial inclination, 22°; ulnar variance, 0.7
mm; and radial height, 14 mm) and functional normal range (≤ 20° dorsal angulation, ≥ 10°
radial inclination, ≤ 5 mm ulnar variance) are depicted.
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TABLE 1

Patient Characteristics

Variable

Age (y) 49 (min = 18, 25th = 34, 75th = 61, max = 89)

Sex

   Male 52% (96)

   Female 48% (89)

Hand dominance

   Left 10% (19)

   Right 60% (110)

   Both 0.5% (1)

   Unknown 30% (55)

Injured hand

   Left 60% (109)

   Right 41% (76)

Injury to surgery (d) 5 (min = 0, 25th = 2, 75th = 10, max = 34)

Surgery to first follow-up (d) 11 (min = 1, 25th = 9, 75th = 13, max = 34)

Surgery to second follow-up (d) 83 (min = 42, 25th = 67, 75th = 102, max = 170)

min, minimum; max, maximum; 25th and 75th, percentiles.
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