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ABSTRACT

INTRODUCTION

Introduction: The purpose of this study is the evaluation of
radial collapse, based on the number of screws used in the
metaphyseal region and by distal dorsal distance (DDD) and
lunate facet distance (LFD) measurement.
Materials and methods: Between 2015 and 2019, 60
patients who were being treated with volar locking plates due
to isolated distal radius fracture were evaluated. Control
radiographs were taken on the first day and at 3rd-, 6th- and
12th-month follow-ups. Distal dorsal cortex distance and
lunate facet distance were measured in the lateral
radiographs. The number of screws used in the metaphyseal
region was also evaluated. According to the number of
screws, the amount of collapse was analysed based on both
the LFD and the DDD.
Results: The mean age of patients was 43.5±12.7 years.
Thirty-three of the patients included in the study were male
and 27 were female, and the minimum follow-up period was
one year. According to the mean number of screws, groups
were defined as up to 6 screws or 7 screws and above. There
was a statistically significant difference between the groups
in terms of DDD collapse at the 6th-month and 12th-month
follow-ups (p<0.005). It was observed that the radial
collapse and decrease in DDD and LFD were lower in plates
with seven screws and above.
Conclusion: Decreases in either DDD or LFD, or radial
collapse were observed less in patients who had seven or
more metaphyseal screws inserted. These findings might be
useful for surgeons treating distal radius fractures to reduce
radial collapse.

Distal radius fractures account for 0.17% of all skeletal
fractures and 75% of forearm fractures and continue to be
challenging for orthopaedic surgeons. The incidences are 9/
10,000 in males and 8/ 10,000 in females1,2. Approximately
half of the distal radius fractures are stable fractures. Despite
the initial successful closed reduction of displaced fractures,
it should be taken into consideration that 40% of such
fractures lose reduction and may require surgical
intervention3. There are many established causes of radial
collapse after volar plate fixation of distal radius fractures.
These reasons have been categorised into two groups.

Keywords:
distal radius fracture, locking screw, volar plate,
radiological outcome, loss of reduction

First, locking screw bridging the fracture gap; plate-bone
distance of more than 5mm; plate material, dimension and
shape; screw configuration; plate length and working length;
mis-insertion; and angulated insertion of the screwhead can
cause the implant-related radial collapse and failure4-11. In
addition, fracture configuration and screw-bone interface can
pose bone-related failure5,12,13. Because of its ability to
preserve fracture stability, the management of distal radius
fractures using volar plate fixation has become a commonly
preferred treatment option14-16.
Once the evolution of plates and screws provides an
opportunity for anatomical reduction in the distal radius,
maintaining the reduction presents the next challenge to the
surgeon as implant-related complications tend to increase2,17.
Previous researchers have looked into various factors that
should be considered to maximise stable internal fixation
when using locked volar plates in distal radius fractures.
The surgical anatomy of the volar radial surface should be
taken into consideration to achieve satisfactory outcomes.
The volar locking plate should be implemented based on five
crucial anatomic landmarks: the volar radial tuberosity, volar
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radial ridge, fibrous transition zone, watershed line, and the
lunate facet buttress18-20. The distal dorsal cortical distance
(DDD) and lunate facet distance (LFD) are stricter intraoperative measurements that can be taken with fixed points
of measurement. The amount of settling can be predicted
regarding the articular surface and volar tilt by monitoring
these measurements. It can help surgeons to prevent late
altered wrist kinematics21-23.
We intended to investigate the relationship between the distal
radius collapse and the number of screws used at the
metaphyseal part of the plate with the measurement of DDD
and LFD in patients treated with a volar locking plate. We
hypothesised that loss of reduction after plating is related to
the number of distal locking screws when the DDD distance
is kept to less than 6mm.

All fractures were closed injuries and none of the patients
had expressed osteoporosis. The volar surface of the distal
radius was accessed using a trans-FCR approach26. The
pronator quadratus was raised subperiosteally along its radial
border and retracted, while the thumb and finger flexor
tendons were retracted to the lateral side. Under direct
visualisation, the fracture was reduced and temporarily fixed
with k-wires20. Volar plates [CM-Smart; 3.5mm, anatomical
volar locking plate. Hipokrat Tibbi, Izmir, Turkey] were
applied following fracture reduction. All the inserted distal
locking screws were variable-angle screws. In the diaphyseal
part, a cortical screw was used in the middle hole of the
plate. After plating, a final evaluation was performed using
an image intensifier to check that the reduction, plate and
screw alignment, and screw length were all good. The wound
was closed and a below-elbow slab was applied for two
weeks, after which a removable splint was applied and
range-of-motion exercises began.

MATERIALS AND METHODS
Between July 2015 and June 2019, patients with extraarticular distal radius fractures who had undergone volar
locking plating were retrospectively evaluated. This study
included 60 patients with distal radius fractures (33 males,
27 females; mean age, 43.5±12.7 years [range, 19-60 years])
who had completed a one-year follow-up. The follow-up
period was at least 12 months (range, 12-45 months).
According to Osteosynthesefragen/Orthopaedic Trauma
Association [AO/OTA] classification, only AO type 23-A2
and 23-A3 fractures that had undergone surgery were
analysed in the current study. At least three out of five
criteria were required for surgical decision-making: dorsal
angulation >20°, shortening >5mm, >50% dorsal
comminution, extra-articular fracture, and completion of a
rehabilitation program after either operational or
conservative care24. Patients having intra-articular fractures,
operative management other than volar locking plates, open
fracture, concomitant same-side upper limb injury, and
fractures accompanied by neurovascular deficits were
excluded from the study. The research was designed
retrospectively following the Declaration of Helsinki. This
study received Institutional Review Board approval (IRB:
2019-281. 20/9), and patients provided oral and written
informed consent.
In this study, we assessed (1) bone union rate (presence of
three out of four instances of cortical bridging on AP and
lateral radiographs), (2) distal dorsal cortical distance
(measured in mm from the tip of the most distal screw to the
dorsal rim of the distal radius, taken intra-operatively on a
20° inclined lateral view)), (3) distal dorsal cortical distance
(measured in mm), (3) lunate facet distance (LFD), and (4)
the number of metaphyseal screws (number of screws
zinserted at the distal part of the plate)20,22,23,25. Patients were
divided into two groups based on the number of screws
inserted at the metaphyseal part of the plate. The radial
collapse was defined as having more than a ten per cent loss
of radial length compared to the previous measurement.

Standard AP and lateral radiographs of the injured wrist were
analysed at the time of initial evaluation, post-operatively,
and at follow-ups on the 1st day and at 3rd, 6th and 12th
months. Images were assessed using digital radiology
software [Agfa HealthCare Impax 6, Belgium]. The first and
second authors validated all measurements. If there was
more than a ten per cent difference between measurements,
the radiologist repeated the measurement. The interobserver
kappa value of 0.65 showed good reproducibility. On lateral
radiographs, distal dorsal cortex distance and lunate facet
distance were measured (Fig. 1). The number of screws used
in the metaphyseal region was assessed.
Statistical analysis was performed using the IBM SPSS
Statistics for Windows, Version 18. The conformity of
continuous variables to normal distribution was evaluated
using visual (histogram and probability graphs) and
analytical methods (Kolmogorov- Smirnov / Shapiro-Wilk
tests). The categorical variables included in the study are
presented with frequency, percentage, and continuous
variables and mean, standard deviation, maximal and
minimal values. Mann Whitney u test was used for
comparison of data sets that were not normally distributed
for the variables. The statistical significance threshold was
accepted as 0.05. Sample size calculation: Cohen's f2 effect
size was 0.685, implying that a minimum of 54 fractures
would be needed to achieve a power of more than 80% and
a threshold of significance of 0.05. So, 60 patients were
included in this study.

RESULTS
The investigated group consisted of 60 patients (27 (45%)
female and 33 (55%) male). The mean age was 43.5±12.7
years (range 19-60 years). The mean time of hospitalisation
was 4.5 days. The minimum follow-up of patients was 12
months (range 12-45 months). Demographic data are
displayed in Table Ⅰ.

31

6-OS5-150.qxp_OA1 17/11/2022 4:27 PM Page 32

Malaysian Orthopaedic Journal 2022 Vol 16 No 3

Askin A, et al

Table I: Descriptive characteristics of patients with distal radius fractures undergone volar locking plate fixation

Variable

Mean (SD) / n (%)

Patient
Mean age (SD)
Female / Male
Injury
High energy mechanism
Right wrist fractured
AO fracture classification
A2
A3
The number of distal screws
≤ 6 screws
≥ 7 screws

43.18±12
27 (45%) / 33 (55%)
12 (20%)
35 (58.3%)
24 (40%)
36 (60%)
32 (53.3%)
28 (46.7%)

Table II: Evaluation of the radial collapse based on the number of screws used in the metaphyseal region

Time (month)

3
6
12

<6 metapyseal
screw

LFM (mm)
>7 metaphyseal
screw

P value*

<6 metapyseal
screw

DDD (mm)
>7 metaphyseal
screw

P value*

0.11±0.17
0.37±0.27
0.76±0.39

0.17±0.29
0.42±0.33
0.50±0.37

0.881
0.393
0.045

0.37±0.36
0.93±0.77
0.16±0.90

0.17±0.27
0.58±0.45
0.74±0.78

0.085
0.001
0.018

*: Mann-Whitney U test

(a)

(b)

(c)

(d)

Fig. 1: Method of measuring the radiographic parameters of the distal radius fractures: Radial collapse was observed in the
radiographs taken during the one-year follow-up period. (a, b) Antero-posterior and lateral view at the time of discharge. (c)
Lateral radiograph after three months. (d) Lateral radiograph at one year follow-up.

Delayed union and non-union were not observed. No
significant problem was found related to screw penetration
through the dorsal radial cortex and related tendon irritation
leading to the removal of implants. Intra-articular screw
penetration was not observed.
In all patients, both distal rows of the plate were used
depending on surgeon preference. The average number of
screws used in the distal part of the plate was 6.4 (minimum
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4 - maximum 9). There was a statistically significant
improvement in the radiographic parameters after
anatomical reduction.
The changes in LFD and DDD measurement were compared
according to the number of screws. Since the average
number of screws used in patients was calculated as 6.4, the
grouping was classified as six screws and below and seven
screws and above (Table II; Fig. 1). Accordingly, the changes
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observed in 6-month and 12-month DDD measurements
were less in the group with seven or more screws used (p
<0.05). Moreover, the changes observed in 12-month LFM
measurements in patients using seven or more screws were
statistically significant (p<0.05).

DISCUSSION
The goals of treatment in distal radius fractures are
anatomical reduction, maintenance of joint stability,
restoration of alignment, achievement of fracture union,
pain-free range of motion, and absence of any wound
complications.
As a result of our study, we documented the advantage of
using more than six screws compared to fewer than six for
metaphyseal fragment fixation. Second, the most important
findings for providing stability in volar plating were keeping
DDD less than 6mm during insertion of the distal screws.
The clinical relevance of our results is that distal dorsal
cortex distance and the number of screws implemented at the
distal part of the plate are modifiable risk factors, and loss of
reduction depends on surgical accuracy. According to many
clinical and biomechanical trials, fixation of the distal part of
the fracture with more screws provides optimal metaphyseal
support and creates a scaffold to allow two-plane fixation of
distal fragments27,28.
Orbay and Touhami have emphasised the clinical importance
of the watershed line19. In our study, we performed the volar
plate application based on these recommendations. This was
true, especially for the evaluation of the lunate facet buttress,
where we used the lunate facet distance. We tried to locate
the screws as distal as possible, avoiding violation of the
lunate fossa morphometry. We observed that collapses were
fewer in these cases in our clinical study.
In the cadaver study, Mehling et al stated that three screws in
the distal part created an unstable condition and there should
be at least four screws in the distal fragment, and two of
these screws should be in a different direction
(multidirectional screw)28. In addition, they stated that the
screws were more durable than pegs. They have seen high
resistance (stiffness) in those using seven variable angle
screws. In our study, the number of screws used in the
metaphyseal part was found to be a minimum of four and a
maximum of nine screws. According to the number of
screws, the lunate facet distance and the DDD decreases
were compared. Since the average number of screws used in
patients was 6.4, subgroups were defined as “6 screws and
below” and “7 screws and above”. Accordingly, there was a
statistically significant difference between 6-month and 12month DDD collapse between the groups (p<0.05). It was
observed that volar plates with seven or more screws had less
DDD decrease and fewer radial collapses.

Vosbikian et al found that patients with a DDD distance of
less than 6mm had fewer collapses in early post-operative
and one-year post-operative follow-ups22. In our study, we
measured the DDD distance of the patients on the first postoperative day and at 3, 6, and 12 months. We observed that
all patients with a DDD value of less than 6mm postoperatively had fewer collapses at the 6th and 12th months.
We measured lunate facet distance on all patients on the first
post-operative day and at 3, 6, and 12 months. When the
decrease in LFM measurements of these patients was
assessed, there was no statistically significant difference in
the reduction in LFM value between the groups at 3 and 6
months post-operatively, while there was a significant
difference between the groups at 12 months (p<0.05). At the
end of the year, it was observed that the LFM value and the
radial collapse were less in the group with more than six
metaphyseal screws in place.
The appeal of the variable-angle locking plate lies in the
increased versatility for fracture fixation offered to the
surgeon. It may have advantages even if the plate is
positioned improperly or the patient’s anatomy is distorted.
The variable-angle plate has superior strength and stiffness
and allows anatomic reduction with low complication rates,
including low rates of secondary loss of reduction29,30. These
observations are supported by the results of our study.
Our research has some limitations. The study was conducted
based on retrospective data. However, we did have distinct
and comparable groups with appropriate follow-up and no
missing data thanks to matching and strict inclusion criteria.
The results of our study are also supported by other
studies22,23,28,31.
We did not assess clinical outcomes in our patient population
because it was out of the scope of our purpose. Although
screw lengths were not provided for statistical comparison,
the surgeon used the same screw length selection techniques.
A prospective setting and an incentive for patients to be
available for follow-up checks would be preferred for future
investigations.

CONCLUSIONS
Our study showed that to prevent post-operative loss of
reduction in fractures plated with volar locking distal radius
plates, the distal screws placed must be more than seven and
DDD, LDF distance should be kept as less as possible.
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