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Abstract
Background: Distal radius fractures pose a serious problem due to their high incidence and can be treated
with various methods. No speci�c distal radius fracture treatment is acknowledged to be the gold
standard by orthopedic surgeons. The aim of study was to conduct a comprehensive radiographic
assessment of treatment outcomes in patients with distal radius fractures following various types of
stabilization in elderly patients.

Methods: We retrospectively assessed 122patients who underwent treatment for distal radial fracture in
the years 2017and2018.There were three study groups: closed reduction with K-wire �xation
(37patients),open reduction with volar plate �xation (42 patients),and closed reduction with cast
immobilization (43patients).The mean age at the beginning of treatment was 73years.The mean follow-
up period was 2 years and 7months.The following radiological parameters were evaluated: union rate,
time to union, time of fracture immobilization, fracture stabilization failure, and the development of
adjacent-joint arthritis.

Results: There were no signi�cant differences between the study groups in terms of union rate, time to
union, and the development of adjacent-joint arthritis. After treatment, the lowest rates of posttraumatic
intercarpal and carpometacarpal arthritis and the lowest rates of fracture stabilization failure in our study
were observed in the plaster-cast group. Volar plate �xation was associated with the shortest duration of
fracture stabilization. In comparison to the status from before treatment, all study groups showed
increased rates of intercarpal and carpometacarpal arthritis after treatment.

Conclusions: Our radiographic assessments demonstrated similar outcomes, regardless of the
stabilization method. In treating distal radius fractures, we achieved good radiographic treatment
outcomes irrespective of the fracture stabilization method used.

Background
Distal radius fractures pose a serious problem due to their high incidence [1–12[. Depending on fracture
morphology, distal fractures of the radius can be treated with various methods [2, 6, 7, 9, 10, 11, 13–30].
No speci�c distal radius fracture treatment is acknowledged to be the gold standard by orthopedic
surgeons [2, 6, 7, 9, 10, 11, 13, 15, 16, 17, 22, 23, 25–27]. Basically immobilization in cast is indicated for
simple fractures or less demanding patients as elderly patients. High-energy fractures with higher impact
on adjacent structures in most cases require �xation as Volar plate or at least K wires. Some reports
present better treatment outcomes in distal radius fracture treatment with the use of open reduction and
volar plate �xation[6, 9, 13, 23, 27] than with closed reduction and cast immobilization. Some reports
addressing distal radius fracture treatment present better outcomes with the use of open reduction with
volar plate �xation[25, 26] in comparison with closed reduction with K-wire �xation. In elderly patients
Kilic prefers treatment via immobilization in a cast [24]. Some authors reported comparable treatment
outcomes irrespective of the method used [15, 18]. The use of volar plate �xation yielded better outcomes
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than other methods of �xation/immobilization during short-term follow-up; however, long-term follow-up
showed outcomes for all �xation/immobilization methods to be comparable[11]. Moreover, elderly
patients showed good clinical and functional outcomes with cast immobilization[11].

There have been no studies offering a comprehensive radiographic evaluation of distal radius fracture
outcomes following the use of a volar plate, K-wires, and a plaster cast in elderly patients. Comparing
results of various methods may be bene�cial to discuss necessity of more frequent application of
particular method. Obtained results may be correlated with functional results after individual treatment
method. According to some authors, correct radiological parameters contribute to good clinical results[5,
26, 29].

While assessing radiographic treatment outcomes, it is important to note any evidence of adjacent-joint
arthritis[21, 30]. It may help to conclude if invasive treatment with short immobilisation is better than
conservative treatment and longer immibilisation or alternatively. The development of adjacent joint
arthritis is associated with the limitation of their functions, reduced mobility and pain. This can lead to
poorer treatment outcomes. Therefore, it is important to assess which method of stabilization of radial
fractures causes the least development of adjacent joint arthritis after treatment. In our study, we wanted
to check whether conservative treatment, which is safer, especially in the time of the COVID-19 pandemic
and associated with lower costs in elderly patients with distal radius fractures, can give results similar to
surgical treatment.

The aim of our study was to conduct a comprehensive radiographic assessment of treatment outcomes
in elderly patients with distal radius fractures, with respect to stabilization via volar plating, K-wires, or a
cast.

Methods
We retrospectively assessed 122 patients who underwent treatment for distal radial fracture in the years
2017 and 2018. Study inclusion criteria were: age over 60 years, treatment for a unstable, dislocated or
multigramental distal radius fracture, availability of complete medical and radiographic records from the
treatment period, and minimum posttreatment follow-up of 2 years. Study exclusion criteria were: under
60 years of age, bilateral distal radius fracture, upper limb injury in other locations besides the distal
forearm, open fracture, metaphyseal and diaphyseal radial fracture, and crush fracture involving damage
to soft tissues, vessels and verves. A total of 122 patients (91 women and 31 men) were included in the
study. The mean age at the beginning of treatment was 73 years (ranging from 61 to 82 years). The
mean follow-up period was 2 years and 7 months (ranging from 2 years 1 month to 3 years 4 months).
The evaluated subgroups showed no signi�cant differences in terms of patient age (p = 0.724). The study
was approved by the local ethics committee. Informed consent was obtained from each patient.

The patients were divided into three groups based on the treatment method (open reduction with volar
plate �xation, closed reduction with K-wire �xation, and closed reduction with cast immobilization). All
surgical procedures were performed by one of three orthopedic surgeons. The treatment method was
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chosen based on patient age, bone quality, extent of soft-tissue injury, fracture morphology, the shape of
bone fragments, concomitant radial shortening and deformity.

In patients with good bone quality and good condition of the adjacent soft tissues, with marked radial
shortening and deformity, unstable, or multigramental fracture the preferred method was open reduction
with volar plate �xation. In patients with poor bone quality and poor condition of the adjacent soft
tissues, in the case of marked radial shortening and deformity, unstable, or multigramental fracture the
preferred method was closed reduction with K-wire �xation. In patients with marked radial shortening and
deformity, unstable, or multigramental fracture, who did not agree to surgery or had contraindications for
surgery, closed reduction with cast immobilization was performed.

The three study groups, formed based on the treatment method used were: Group 1 – closed reduction
with K-wire �xation (37 patients), Group 2 – open reduction with volar plate �xation (42 patients), and
Group 3 – closed reduction with cast immobilization (43 patients).

All patients who underwent surgical treatment received antibiotic prophylaxis, and surgeries were
performed in a supine position, under general anesthesia, with tourniquet application (250 mm Hg). Volar
plate �xation of bone fragments was conducted via �uoroscopy-guided open reduction through a volar
approach (Fig. 1). Group 1 patients underwent �uoroscopy-guided closed reduction, with subsequent
percutaneous �xation with two K-wires introduced through the radial styloid process and one
perpendicular wire inserted into the radius from the ulnar side (Fig. 2). Group 3 patients underwent closed
reduction with immobilization of the upper limb in a below-elbow cast (Fig. 3).

The cast or K-wires were removed once adequate bone union was con�rmed both radiographically and
clinically. Once the cast or K-wires were removed, �nger and wrist exercises were introduced, and the
patients were advised to use the limb only to a limited extent for a period of 3–6 weeks. The level of
physical activity for the limb was gradually increased, based on the radiographic and clinical evidence of
bone remodeling progress at the fracture site.

Radiographic assessments were conducted at least 2 years after treatment completion and were based
on medical records obtained during treatment and over the outpatient follow-up period. The following
radiological parameters were evaluated: union rate, time to union, fracture stabilization failure, and the
development of adjacent-joint arthritis.

Union rate was assessed based on radiographic and clinical criteria. The radiographic criterion of union
was the presence of at least 3 out of 4 consolidated cortices or continuous trabecular bridging between
the bone fragments in anteroposterior and lateral views of the wrist [7, 30]. Clinical criteria were the
absence of the following: pain, pathological mobility, and antebrachial deformity on forcible attempts at
movement at the fracture site. Nonunion was de�ned as failure to meet the above criteria by 6 months
after fracture.



Page 5/14

Time to union was assessed based on anteroposterior and lateral wrist radiographs, with the use of the
same clinical and radiographic criteria as those used for assessing union rate.

Stabilization failure was de�ned as bone fragment displacement after stabilization of the fracture > 100

or/and leading to nonunion.

Adjacent-joint arthritis was assessed with Knirk and Jupiter’s criteria, based on anteroposterior and lateral
wrist radiographs taken at three time points: at baseline, at the time of the fracture, and at the �nal follow-
up visit [14, 29]. The assessed joints were intercarpal (scaphotrapezial-trapezoid and scapholunate) and
carpometacarpal (capitometacarpal and hamatometacarpal). The arthritis status from before treatment
was compared with that observed after treatment. These radiographic �ndings were used as a means of
comparison between the individual study groups.

The non-parametric Kruskal-Wallis test was used to assess the distribution of numerical variables and
test the equality of median values in the analyzed groups.

The chi-square test was used to assess the distribution of categorical variables in the individual study
groups and determine the statistical signi�cance of any differences. The level of signi�cance was
adopted at α = 0.05, with the levels of signi�cance 0.05 < p < 0.1 interpreted as a trend towards statistical
signi�cance. The calculations were conducted with Statistica 10.0 software.

Results
According to the AO foundation classi�cation, in the group with cast immobilization group 11,6% of
patients had type A fractures, 44,2% of patients had type B fractures, and 44,2% type C, in the group with
plate stabilization, 9,5% of patients had type A fractures, 42,9% of patients had type B fractures and 47,6
% type C fractures, while in the group with K-wire stabilization, 10,8% of patients had type A fractures,
43,2% of patients had type B fractures and 46% type C fractures.

Bone union was achieved in all patients whose fractures were stabilized percutaneously via K-wires. The
highest rate of nonunion (4.5%) was observed in the volar plate group, and the rate of nonunion in the
cast group was (3.1%); (Table 1). Nonetheless, these differences were not statistically signi�cant (Table
1).
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Table 1
Detailed results of the radiological assessment of individual subgroups

analyzed variable (Mean) Kirschner
group

Plate
group

Cast
group

p
value

Total union [weeks] 8,666 8,5 8,376 0,556

Immobilization [weeks] 6,333 5,136 5,83 0,017*

Age of patients [years] 71,221 74,343 73,38 0,724

Achieving union [%] 100 95,455 96,923 0,761

Intercarpal arthrosis before treatment [%] 25 40,909 36,923 0,644

Intercarpal arthrosis after treatment [%] 41,667 59,091 50,769 0,608

Carpometacarpal arthrosis before treatment
[%]

41,667 63,636 64,615 0,288

Carpometacarpal arthrosis after treatment
[%]

75 81,818 73,846 0,726

Destabilization [%] 33,333 27,273 0,769 0,000*

  * - p < 0,05      

The mean duration of fracture immobilization for volar plate �xation, cast immobilization, and closed
reduction with K-wire stabilization was 5.13, 5.83, and 6.33 weeks, respectively; (Table 1). The duration of
treatment was signi�cantly shorter in the volar plate group (p = 0.017); (Table 1).

The mean time to complete union in the volar plate, cast, and K-wire groups was 8.5, 8.37, and 8.66
weeks, respectively;(Table 1). These values showed no signi�cant differences (Table 1).

Our assessment for any evidence of fracture stabilization failure revealed that none of the patients
treated with a plaster cast exhibited bone fragment displacement, whereas 27% of patients from the volar
plate group showed screw migration, and 33% of patients treated with K-wires exhibited K-wire migration
(Table 1). The plaster-cast group showed the lowest proportion of fracture stabilization failure, which was
statistically signi�cant (p = 0);(Table 1).

Before treatment, intercarpal arthritis was observed in 25% of K-wire patients, in 41% of volar plate
patients, and in 37% of plaster cast patients(Table 1). There were no statistically signi�cant differences
(Table 1). The rates of intercarpal arthritis, have signi�cantly increased in all evaluated groups after
treatment, with 421%, 59%, and 51% of patients showing posttreatment intercarpal arthritis in the K-wire,
volar plate, and plaster-cast group, respectively (Table 1). Statistically the inter-group differences were not
signi�cant (Table 1). 37% of the total number of patients exhibited pre-treatment intercarpal arthritis. A
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noticeable increase after treatment was found up to 51% of all patients; this difference was statistically
signi�cant (p = 0.027).

Prior to treatment, carpometacarpal arthritis was present in 42% of K-wire patients, in 64% of volar plate
patients, and in 65% of plaster-cast patients (Table 1). The differences were not statistically signi�cant
(Table 1). After treatment, the rates of carpometacarpal arthritis were shown to be higher in all study
groups, with 75%, 82%, and 74% of patients showing posttreatment carpometacarpal arthritis in the K-
wire, volar plate, and plaster-cast group, respectively (Table 1). The inter-group differences in terms of the
rates of posttreatment carpometacarpal arthritis were not statistically signi�cant (Table 1). In general,
63% of the total number of patients exhibited pre-treatment carpometacarpal arthritis. After treatment,
carpometacarpal arthritis was detected in 75% of all patients. This increase appears to be considerable,
despite the p-value calculated based on the available data being greater than 0.05 (p = 0.095).

Discussion
With the estimated proportion of distal radius fractures ranging from 15–21% of all fractures, the distal
radius is the most common fracture location [1–12]. There is no consensus as to the recommended
treatment of distal radius fractures [2, 6, 7, 9, 11, 13, 15–18, 22, 23, 25–27].

The use radiographic parameters in evaluating treatment outcomes is important to both doctors and
patients [7, 8, 9, 14, 15, 17, 19, 24, 27]. The aim of our work was a comprehensive radiographic
assessment of various types of stabilization in elderly patients with distal radius fractures and obtaining
information on which method gives the best radiological results.

Fan et al. reported bone union in all 12 patients treated with volar plate �xation [17]. Kilic reported bone
union in all evaluated patients treated via immobilization with a plaster cast [24]. Yin et al. reported
achieved union in all patients with distal radius fracture treated with a plaster cast[28]. In our study the
best union rates were observed in the group of patients treated via percutaneous K-wire stabilization, all
of whom achieved bone union, whereas the highest proportion of nonunion (4.5%) was observed in the
group treated via open reduction with volar plate �xation, which was associated with fracture
stabilization failure. We would like to mention that the lack of bone union among the patients treated with
a cast was observed in elderly patients and those who exhibited considerable radial deformity or whose
fracture had not been appropriately corrected.Statistical analysis showed no signi�cant differences
between the study groups in terms of union rates.

Fan et al. reported bone union achieved in a group of 12 patients after a mean follow-up of 3 months [17].
Kilic reported union after 3–5 weeks in patients treated via immobilization with a plaster cast [24]. Our
study groups did not differ signi�cantly in terms of the mean time to complete union depending on the
method of stabilization. Our time to complete union data were similar to the data in the relevant literature
[17, 24].
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There is no consensus among orthopedic surgeons as to the required period of cast immobilization in
distal radius fractures [9, 24, 27]. Various authors prefer an immobilization period of 4 weeks [9, 24], 5
weeks [24], or 6 weeks [9, 27]. In the relevant group of our study, the mean period of cast immobilization
was 5.83 weeks, which is consistent with the data presented in literature [9, 24, 27]. The patients treated
via volar plate �xation required fracture stabilization to be maintained for a signi�cantly shorter period.
Interestingly, this latter method ensures good statistical results with a shorter stabilization time. The
group who required fracture stabilization for the longest period were the patients treated via closed
reduction with K-wire stabilization.

In our study the lowest rate of fracture stabilization failure was noted in the group of patients
immobilized with a cast, with not a single case observed. Conversely, the highest rate of fracture
stabilization failure was observed in the group treated via percutaneous K-wire stabilization, with K-wire
migration being the most common cause.

The only authors who assessed adjacent-joint arthritis after distal radius fracture were Lutz et al.;
however, the study was limited to a single stabilization method [21]. Chung et al. reported posttreatment
arthritis in 15.4% of patients who underwent volar plate �xation, in 14.3% of patients who underwent K-
wire stabilization, in 17.7% of patients who underwent stabilization via an external �xator, and in 25% of
patients treated with a plaster cast [6]. Katayama et al. observed a correlation between the development
of osteoarthritis and such factors as abnormal radial inclination, abnormal volar tilt, and reduced wrist
mobility [7]. In that study osteoarthritis was reported in 66.1% of patients following distal radius fracture
�xation with a volar plate [7]. A study by Lameijer conducted in young patients at a mean age of 37 years
showed posttraumatic arthritis in 37–50% of cases [8]. Lameijer et al. observed development of distal
radioulnar joint arthritis in 32% of patients (at a mean age of 32 years) following distal radius fracture
treatment [14]. Saving et al. observed distal radioulnar osteoarthritis in 42% of the distal radius fracture
patients treated via volar plate �xation and in 28% of those treated via an external �xator [15]. Erhart et al.
reported that a more pronounced posttreatment deformity at the distal radius correlated with higher
stages of posttraumatic osteoarthritis at the distal radioulnar joint [19].

In our study the highest proportion of pretreatment intercarpal arthritis was observed in the volar plate
�xation group (41% of patients), whereas the lowest proportion was observed in the K-wire group (25% of
patients). Pretreatment arthritis was present in 37% of patients from the plaster-cast group. Following
treatment, the proportion of patients with arthritis increased to a similar extent in all study groups (by 16
percentage points in the K-wire group, by 18 percentage points in the volar plate group, and by 14
percentage points in the plaster-cast group). In the case of carpometacarpal arthritis, there was a
different pattern of progression from the pretreatment to posttreatment status. Prior to treatment, the
lowest proportion of arthritis (41%) was observed in the K-wire group, whereas arthritis rates in the
plaster-cast and volar-plate groups were similar, with 64% of patients affected in either. The lowest
proportion of posttreatment carpometacarpal arthritis was observed in the plaster-cast group (an increase
by 10 percentage points). After treatment, the volar-plate group showed an 18-percentage point increase
in arthritis, and the greatest increase (by 34 percentage points) in arthritis rates was observed in the K-
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wire group. After treatment of the fracture, all study groups showed increased rates of adjacent-joint
arthritis.

One limitation of our study is its retrospective nature; however, this is a direct result of the subject matter
being fractures, which are impossible to predict, thus the pretreatment assessment is very limited. The
strengths of this study are a relatively large number of patients, the individual groups showing no
differences in terms of patient age, all of the evaluated patients being treated by only three orthopedic
surgeons, and the use of the same postoperative and rehabilitation protocols in the case of each patient.
In order to eliminate interobserver variability, all radiographic measurements were conducted according to
the same protocol by a single experienced specialist [14].In the future, we plan to prepare work on a larger
number of patients and including functional assessment.

After treatment, the lowest rates of posttraumatic intercarpal and carpometacarpal arthritis and the
lowest rates of fracture stabilization failure in our study were observed in the plaster-cast group. Volar
plate �xation was associated with the shortest immobilisation through solid bone �xation. The study
groups showed no signi�cant differences in terms of union rates or time to complete union.

Our radiographic assesments demonstrated slightly better results in patients treated with immobilization
in cast. This type of treatment is dedicated for fractures with lesser deformity or for less demanding
patients (elderly). Displaced, multigramental fractures require better forms of reduction and
stabilizations. This type of fractures are more di�cult to achieve great radiolographic results. A group of
di�cult multigramental fractures and destabilization of metal implants have impacted �nal assesments
and radiographic results of methods with internal and external �xation. Relatively good result in plaster
cast group is most likely linked to absence of destabilisation of �xation.

In comparison to the status from before treatment, all study groups showed increased rates of intercarpal
and carpometacarpal arthritis after treatment. Extended immobilisation is most likely responsible for
increased rate of arthrosis in the plaster cast group and the K-wire group. Increased rate of arthrosis
should be linked to high-energy complex type of fracture treated with Volar plate.

It is advisable to consider more frequent non-surgical treatment of the distal radius fractures in elderly
patients, especially during the COVID-19 pandemic

Conclusions
Our detailed radiographic assessments demonstrated similar outcomes, regardless of the stabilization
method. In treating distal radius fractures in elderly patients, we achieved good radiographic treatment
outcomes irrespective of the fracture stabilization method used.
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Figure 1

Patient with volar plate �xation, AP view (a), and lateral view (b).

Figure 2

Patient with K-wires �xation, AP view (a), and lateral view (b).
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Figure 3

Patient with cast stabilization, AP view (a), and lateral view (b).
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