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Abstract

Aim: This study aimed to retrospectively test the ability of the modified Lafontaine
criteria to predict loss of reduction in distal radius fractures treated conservatively.

Materials and Methods: Between January 2019 and July 2021, a total of 171 patients
aged 50-60 years diagnosed with distal radius fractures and treated with closed reduction
and short arm casting were evaluated radiologically. Patients were categorized into two
groups based on the modified Lafontaine criteria: Group 1 included patients meeting fewer
than three criteria, while Group 2 included those meeting three or more criteria. Param-
eters such as age, gender, fracture side, fracture type (according to AO classification),
follow-up period, radial length, and volar tilt degree after initial reduction were compared
with their respective values at the last follow-up. Additionally, changes between values
obtained at the last follow-up and those after initial reduction were analyzed.

Results: According to the modified Lafontaine criteria, 68 patients were classified into
Group 1 and 103 patients into Group 2. Both groups exhibited similar distributions in
terms of age, fracture side, and follow-up period (p>0.05). However, Group 2 showed a
significantly higher proportion of females compared to Group 1 (p=0.004). Furthermore,
Group 2 differed significantly from Group 1 in terms of fracture distribution (p=0.024).
Radial lengths and volar tilt degrees after initial reduction showed no significant differences
between the groups (p>0.05). At the last follow-up, it was observed that changes in
radial length, volar tilt degree, and reduction loss were significantly greater in Group 2
(p<0.05). Analysis of differences between values at the last follow-up and after initial
reduction indicated that radial length and volar tilt decreased or changed significantly
more in Group 2 (p<0.05).

Conclusion: The modified Lafontaine criteria significantly predict higher reduction losses
when three or more criteria are present. This study demonstrates that using three criteria
as a cut-off can forecast average reduction loss. However, further research is necessary
to delve into the individual effects of Lafontaine criteria, their combinations, and their
clinical implications.

@@@@ Copyright (© 2024 The author(s) - Available online at www.annalsmedres.org. This is an Open Access article distributed
ATl under the terms of Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

Introduction

of reduction over time is a concern for clinicians. For clin-
icians, the instability parameters described by Lafontaine

Distal radius fractures can usually be treated with closed
reduction and casting. However, intra-articular displaced
fractures, volar or dorsal Barton fractures, and unaccept-
able anteroposterior and lateral angulations may require
surgical treatment [1, 3].

Although radiological values were initially accepted in pa-
tients treated with closed reduction and casting, the loss
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and modified over time are useful for predicting loss of
reduction. These parameters include severe osteoporosis,
initial dorsal angulation amount, initial radial shortening
amount, dorsal fragmentation, volar fragmentation, intra-
articular extension, radial shortening amount and the pres-
ence of an accompanying ulnar fracture [4,5]. If these pa-
rameters are 3 or higher, the fracture is considered un-
stable and is prone to displacement. In the presence of 3
or more criteria, re-reduction or even surgical fixation is
recommended [4,5].
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The ability of the modified Lafontaine criteria to predict
loss of reduction has been limitedly examined in the lit-
erature. Additionally, there is not enough information on
the amount of reduction loss.

This study seeks to address whether, according to the
modified Lafontaine criteria, the reduction loss is indeed
greater in the presence of three or more parameters com-
pared to fewer than three parameters, and whether this
reduction loss can be predicted and will exceed the accep-
tance criteria. To investigate these hypotheses, this study
aimed to retrospectively test the ability of the modified
Lafontaine criteria to predict loss of reduction in distal
radius fractures treated conservatively.

Materials and Methods

Study design

A retrospective analysis was conducted on distal radius
fractures in patients aged 50-60 years, who were fol-
lowed up and treated with closed reduction and short
arm casting between January 2019 and July 2021. The
study was approved by the Kanuni Sultan Siileyman
Training and Research Hospital Ethics Committee (No:
KAEK/2024.04.76). All patient medical information was
anonymized, thus waiving the requirement for informed
consent. Our study was conducted in accordance with the
principles of the Declaration of Helsinki.

Inclusion and exclusion criteria

Patients with distal radius fractures aged 50-60 years, who
underwent closed reduction and short arm circular cast-
ing, were included in the study. Patients with irregular or
incomplete radiological follow-up and those who required
re-reduction or surgical intervention during follow-up were
excluded from the study. Additionally, patients with mul-
tiple fractures, open fractures, high-energy fractures, or
ulnar variance pathology at baseline or follow-up were ex-
cluded.

Creation of comparative groups

According to the modified Lafontaine criteria, patients
with less than three criteria were designated as Group 1,
while those with three or more criteria were designated as
Group 2 (Table 1).

First intervention criteria and follow-up method

For patients diagnosed upon emergency admission, control
radiographs were taken in the emergency room after closed
reduction and casting. All patients with a maximum re-
duction in radial length of 8 mm, volar tilt between dor-
sal 5 and volar 20 degrees, ulnar variance within the nor-
mal range (+2 mm/-2 mm), and minimal intra-articular
stepping (max 2 mm) were followed conservatively [6].
Additionally, some patients outside these parameters re-
ceived conservative treatment due to comorbidities, low
functional expectations, or personal preference for conser-
vative treatment. All patients were treated by orthopedic
surgeons of similar experience.

Patients were called for routine check-ups in the 274
and 4" weeks. After radiological union was achieved—
typically by the 4" week, but sometimes in the 5** or 6%
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Table 1. The modified Lafontaine criterias.

. Present 5
Severe Osteoporosis
Absent 166
. Present 93
Ulna Styloid Fracture
Absent 78
. Present 106
Dorsal Fragmentation (more than 50%)
Absent 65
. Present 20
Palmar Fragmentation
Absent 151
. Present 23
Intra-articular Fracture
Absent 148
Initial Dorsal Angulation (more than 20 Present 103
Degrees) Absent 68
. . Present 21
Initial Displacement (more than 1 cm)
Absent 150
. . Present 115
Initial Radial Shorter (more than 5 mm)
Absent 56
. . o < 3 criteria 68
The modified Lafontaine criterias o
> 3 criteria 103

week—the cast was removed, and physical therapy exer-
cises were initiated.

Data collection

Data collected included age, gender, fracture side, frac-
ture type (AO classification), radial length, and volar tilt
degree after the first reduction, as well as radial length
and volar tilt degree at the last follow-up. Additionally,
the change in these measurements from the initial post-
reduction values to the last follow-up values was calcu-
lated. All measurements were performed using the same
radiological imaging system and by the same principal in-
vestigator.

Statistical analysis

Statistical analysis was performed using IBM SPSS Statis-
tics 26 (IBM, Chicago, IL, USA). Descriptive statis-
tics (mean, standard deviation, median, frequency, ra-
tio, range) and data distribution were evaluated using the
Shapiro-Wilk test. Student’s t-tests were used to compare
the data between the two groups. Statistical significance
was set at p<0.05 for all analyses.

Results

According to the modified Lafontaine criteria, Group 1
comprised 68 patients, while Group 2 comprised 103 pa-
tients. The mean age was 54.61 years for Group 1 and
54.28 years for Group 2. Regarding gender distribution,
the female-to-male ratio was 1.51 in Group 1 and 3.9 in
Group 2. For fracture side, the right-to-left ratio was 0.78
in Group 1 and 0.56 in Group 2. According to the AO
classification, Group 1 included 63 patients with type A2
fractures, 3 with B2, 1 with C1, and 1 with C2. Group
2 included 1 patient with A1, 76 with A2, 10 with A3, 6
with B2, 3 with B3, 4 with C1, and 3 with C2 fractures.
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Group 1 Group 1
The modified Lafontaine The modified Lafontaine P val
value
Criteria< 3 Criteria > 3
n =638 n=103
Avg + SD 54.61 + 2.94 54.28 + 2.64
Age X . 0.448
Min-max (median) 50-59 (54) 50-59 (55)
F | 41 (61% 2 (80%
Gender emate (61%) 82 (80%) 0.004
Male 27 (39%) 21 (20%)
Right 30 37
Fracture side '8 0.289
Left 38 66
Al 0 1
A2 63 76
A3 0 10
Fracture type (AO 23) B2 3 6 0.024
B3 0 3
C1 1 4
C2 1 3
. Avg + SD 52.79 £9.23 51.63 + 9.69
Follow-up time (months) . . 0.430
Min-max (median) 33-66 (55) 36-66 (52)
Table 3. Comparison of radiological parameters between groups.
Group 1 Group 1
The modified Lafontaine The modified Lafontaine
o o P value
Criteria< 3 Criteria > 3
n =68 n=103
Avg + SD 11.08 £ 2.25 10.56 + 2.35
Radial length after the first reduction . V8 . 0.149
Min-max (median) 5-15.6 (11) 1.7-15 (10.4)
Avg + SD 9.32+2.75 7.91 £ 3.15
Radial length at last follow-up . V8 . 0.001*
Min-max (median) 0-14.5 (9.75) 0-15 (8)
Avg + SD 1.89 + 1.98 293 +248
Amount of change in radial length . Ve . 0.001"
Min-max (median) 0-7.4 (1) 0-12(2.2)
Avg + SD 6.86 = 5.46 6.49 £ 5.82
Volar tilt after the first reduction . V8 . 0.674
Min-max (median) (-8) — (+20) (8) (-10) - (+20) (7)
Volar tilt at last foll Avg + SD 3.63+7.62 1.58 £ 8.39 0.049"
olar tilt at last follow-u .
P Min-max (median) (-15) = (+18) (4) (-30) - (+20) (4)
. . Avg + SD 4.5 +5.17 7.01 £6.23 .
Amount of change in volar tilt . . 0.002
Min-max (median) 0-25 (3) 0-25 (5)

The average follow-up period was 52.79 months for Group
1 and 51.63 months for Group 2 (Table 2).

Both groups had similar distributions in terms of age,
fracture side, and follow-up period (p>0.05). Group 2
showed a higher proportion of females compared to Group
1 (p=0.004). There was a significant difference in fracture
distribution between Group 1 and Group 2 (p=0.024) (Ta-
ble 2).

The average radial length after initial reduction was 11.08
mm in Group 1 and 10.56 mm in Group 2. There was no
significant difference in radial length after initial reduc-
tion between the groups (p = 0.149). The radial length at
the last follow-up was 9.32 mm in Group 1 and 7.91 mm in
Group 2, with Group 2 showing a significantly lower radial
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length (p=0.001). Evaluating the change between initial
reduction and final follow-up, Group 1 had an average re-
duction of 1.89 mm, whereas Group 2 had a reduction of
2.93 mm, indicating greater radial height loss in Group 2
(p=0.001) (Table 3).

The average volar tilt after initial reduction was 6.86 de-
grees in Group 1 and 6.49 degrees in Group 2, with no sig-
nificant difference between the groups (p=0.674). At the
last follow-up, the volar tilt was 3.63 degrees in Group 1
and 1.58 degrees in Group 2, showing a significantly lower
volar tilt in Group 2 (p=0.049). Evaluating the change
between initial reduction and final follow-up, Group 1 had
an average change of 4.5 degrees, whereas Group 2 had an
average change of 7 degrees, indicating a greater angular
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change in volar tilt in Group 2 (p=0.002) (Table 3).

No surgical interventions were performed or requested by
any patients during the follow-up period, and there were
no complications requiring intervention.

Discussion

Our study found that when the modified Lafontaine cri-
teria are >3, distal radius fractures exhibit significantly
higher reduction losses compared to criteria <3. In Group
1, the average radial height loss was 1.89 mm, while volar
tilt changed by an average of 4.5 degrees. In contrast,
Group 2 showed greater reduction loss with an average ra-
dial height decrease of 2.93 mm and a volar tilt change of
7 degrees.

Distal radius fractures have been extensively studied in the
literature, with various treatment algorithms and radiolog-
ical criteria proposed. Predicting loss of reduction after
reduction is a critical focus, although detailed investiga-
tions into these parameters remain limited. Lamartina et
al. explored numerous parameters and their relationships,
highlighting displacement without detailed analysis of dis-
placement magnitude [5]. In our study, we specifically ex-
amined radial length and volar tilt, aiming to quantify
average reduction loss. Continued prospective studies are
essential for expanding clinical knowledge and informing
practice.

One of the significant parameters contributing to fractures
in displacement is osteoporosis. Particularly in patients
with impacted and metaphyseal defects, achieving appro-
priate length and reduction becomes quite challenging. A
study investigating this issue has revealed that osteoporo-
sis leads to an average increase of approximately 1 mm in
ulnar variance [7]. Age and osteoporosis are independent
factors [8,9] crucial for predicting displacement in distal
radius fractures [10]. Our study focused on patients aged
50-60 to standardize the cohort, as age significantly im-
pacts clinical outcomes and treatment decisions, partic-
ularly favoring conservative management in older adults
[11]. Some studies identify age as a primary factor associ-
ated with reduction loss within Lafontaine criteria [12].

Female gender is another significant predictor of reduction
loss [9]. Group 2 in our study exhibited a higher propor-
tion of females, aligning with literature indicating higher
displacement risk among women, possibly due to osteo-
porosis incidence under 60 years.

Fracture type also significantly influences displacement
risk [9]. Group 2 demonstrated a higher incidence of
complex fracture types, consistent with literature associat-
ing multicomponent and intra-articular fractures with in-
creased displacement risk. In a comprehensive and highly
recent study, parameters predicting displacement have
been discussed, and the amounts of displacement have
been determined. According to this study, age, fracture
type, and ulnar variance have been identified as key pre-
dictive factors for displacement [13].

Radial shortening lacks a universally accepted clinical
threshold in the literature. In our study, Group 2 ex-
perienced an average radial shortening exceeding initial
thresholds by 6 mm, highlighting substantial shortening
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compared to Group 1. While this level did not necessi-
tate surgery, it could pose significant challenges in younger
patients. Literature suggests that poor radiological pa-
rameters may not affect long-term clinical outcomes in el-
derly patients [11,14], but this conclusion may not apply to
younger populations based on current evidence. Continued
research is warranted to better understand the clinical im-
plications of these findings and refine treatment strategies
for distal radius fractures. Another publication empha-
sizing the importance of pre-reduction dorsal angulation
and ulnar variance suggests that displacement risk is sig-
nificantly elevated with ulnar variance greater than 5 mm,
dorsal angulation exceeding 20 degrees, and dorsal com-
minution. However, it is argued that the decision regard-
ing surgery should be left to the patient. The absence of
absolute thresholds in the literature necessitates that sur-
gical decisions be individualized for certain patient groups
[15].

Volar tilt resulted in significantly greater loss of reduction
in Group 2. Although the literature suggests a wide range
of volar tilt (5 degrees dorsal to 20 degrees volar) [5] can
tolerate these reduction losses, our study observed higher
average reduction loss in Group 2 patients. Dorio et al.
identified ulnar variance and volar tilt as critical parame-
ters affecting function, with other factors having minimal
impact [16]. In our study, patients with ulnar variance
issues were excluded, and volar tilt was generally within
the ideal range for functional outcomes. However, when
the modified Lafontaine criteria were 3 or higher, Group
2 exhibited greater changes in volar tilt, averaging 7 de-
grees. Predicting the tolerance for 7-degree deviations in
displacement could aid in surgical decision-making and re-
duction strategies. Given the significant impact of volar
tilt and ulnar variance on clinical outcomes [16], these pa-
rameters merit careful consideration.

Loss of reduction in distal radius fractures can also impact
carpal alignment, potentially leading to functional impair-
ments. Consequently, it is believed that dorsal displace-
ment is one of the undesirable parameters, particularly
after reduction [17].

Radiological lower limits are specified in some studies, yet
many indicate comparable long-term outcomes even when
functional radiological limits are exceeded [11,14,18]. Sim-
ilarly, Ruzika et al. proposed that surgical treatment ini-
tially surpasses conservative methods, but yields compara-
ble long-term results. They noted satisfactory functional
and cosmetic outcomes despite visible deformities in con-
servative treatments [19-21]. Recent studies also suggest
that 10-year outcomes of conservative treatment are inde-
pendent of radiological parameters [22]. Conversely, poor
radiological unions may restrict activity and cause pain in
patients under 65 years [23]. These findings continually
challenge the correlation between radiological parameters
and clinical outcomes.

The modified Lafontaine criteria effectively predict reduc-
tion loss, yet their clinical equivalence remains underex-
plored in the literature. Furthermore, the individual ef-
fects of all radiological parameters on reduction loss need
separate investigation. While some studies have exam-
ined these parameters individually, few have analyzed their
combinations or discussed the clinical significance of reduc-
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tion loss [9]. Emerging parameters, such as volar hinge or
metaphyseal dorsal collapse, have been identified as inde-
pendent factors contributing to displacement [24, 25].

In future research, clearer radiological benchmarks and
systematic analyses of these parameters may enhance pre-
diction accuracy of average displacement amounts and in-
form early surgical intervention decisions. This study and
forthcoming research could facilitate early surgical deci-
sions by predicting borderline reduction losses, thereby
mitigating adverse effects of delayed surgeries on patients.

Limitations

Due to its retrospective nature, this study lacks adequate
data standardization. Prospective randomized studies are
essential for robust conclusions. Moreover, large-sample
studies are needed to investigate the individual effects of
each parameter comprehensively. While these parameters’
impacts on reduction loss are discussed, their implications
for clinical outcomes warrant further exploration.

Conclusion

The modified Lafontaine criteria effectively identify pa-
tients at higher risk for reduction loss when three or more
criteria are present. This study demonstrates that using
three criteria as a cutoff point can predict average reduc-
tion loss. However, further detailed investigations are war-
ranted to assess the individual impacts of the modified
Lafontaine criteria and different combinations thereof on
reduction loss. Additionally, future studies should explore
the clinical implications of these findings in greater depth.
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