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Abstract

BACKGROUND
Distal radius fractures accompanied by the volar margin of the lunate fossa
(VMLF) lesions are often overlooked or inadequately reduced in clinical practice.

AIM
To investigate the impact of VMLF fragment in distal radius fractures on the
stability and function of the wrist joint.

METHODS

This was a retrospective study of patients with distal radius fractures who
underwent surgical treatment between January 2013 and December 2017. The
patients were divided into two groups according to whether the VMLF fragments
were fixed or not. X-rays and computed tomography were performed before
surgery, immediately postoperatively, and at 1, 3, and 6 mo to measure the
scapholunate angle, radiolunate angle, capitolunate angle, and effective
radiolunate flexion (ERLF). The Mayo wrist score and disabilities of the arm,
shoulder, and hand (DASH) score were determined at 1 year.

RESULTS

Thirty-five patients were included. There were 15 males and 20 females. Their
mean age was 52.5 + 14.3 (range: 19-70) years. There were 38 wrists (17 on the left
side, 15 on the right, and three bilateral; 16 in the fixed group, and 22 in the
unfixed group). The interval between trauma and surgery was from 1 h to 1 mo.
The incidence of postoperative wrist instability in the unfixed group (86.4%) was
higher than in the fixed group (25.0%) (P < 0.001). Ten patients had ERLF > 25° in
the unfixed group and none in the fixed group (P = 0.019). The Mayo wrist score
was 94 + 5.7 in the fixed group and 68 + 15.1 in the unfixed group (P < 0.001). The
DASH score was 4.6 + 2.5 in the fixed group and 28.5 £ 19.5 in the unfixed group (
P <0.001).
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CONCLUSION

Injuries of VMLF, even small fractures, might damage the radial-lunar ligament,
leading to postoperative wrist instability, sagittal force line imbalance, and poor
recovery of wrist joint function.

Key Words: Radius fractures; Lunate bone; Reduction; Disability; Wrist function

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study aimed to examine the impact of volar margin of the lunate fossa
fragment in distal radius fractures on the stability and function of the wrist joint. The
results suggested that the number of patients with pathological carpal malalignment in
the unfixed group was significantly higher than that in the fixed group. All cases in the
fixed group had an excellent/good functional outcome. In the unfixed group, six of 22
cases had an excellent/good outcome, and 16 of 22 cases had a fair-poor functional
outcome.

Citation: Meng H, Yan JZ, Wang B, Ma ZB, Kang WB, Liu BG. Influence of volar margin of
the lunate fossa fragment fixation on distal radius fracture outcomes: A retrospective series.
World J Clin Cases 2021; 9(24): 7022-7031

URL: https://www.wjgnet.com/2307-8960/full/v9/i24/7022 htm

DOI: https://dx.doi.org/10.12998/wjcc.v9.i24.7022

INTRODUCTION

Distal radius fractures are common and represent 25%-50% of all bone fractures[1,2].
Distal radius fractures have a bimodal peak in incidence; it classically occurs in young
male patients with high-energy injuries and predominantly in elderly female patients
sustaining low-energy, osteoporotic fractures[3,4]. Most patients can be managed as
outpatients after reduction and immobilization. The decision for operative repair is
multifactorial (age of the patient, baseline functional mobility, hand dominance,
instability of fracture, disruption of the radiocarpal and radioulnar ligaments, and
comorbidities). Fractures associated with neurovascular injuries need emergent
reductions|3,5-7].

Nevertheless, even with the development of modern implants that allow early
mobilization, the long-term outcomes have not significantly improved[3,8,9].
Associated lesions in the ligaments or cartilage might contribute to this problem|3,8-
11]. Although fracture reduction and fixation of some cases show good image findings,
the long-term follow-up of patients with distal radius fractures suggests that poor
wrist function is accompanied by instability and sagittal malalignment[3,8,9]. In
clinical practice, the adaptive response of the carpus to the loss of the normal
architecture due to distal ulnar and radius fractures results in lunate deformity[12,13].

Distal radius fracture accompanied by a fracture of the volar margin of the lunate
fossa (VMLF) is uncommon in clinical practice[14]. The definition of the injury
mechanism and fixation method for the treatment of VMLF fracture still has no
consensus. When the VMLF fragment is large, the carpus always subluxates with a
part of the distal radius articular surface, and it is conspicuous and easy to diagnose,
but when it is sufficiently small, the carpus position and distal radius articular surface
may appear to be normal in the initial X-ray[15,16]. Distal radius fractures
accompanied by VMLF lesions are often overlooked or inadequately reduced in
clinical practice. The short radiolunate ligament (SRL) originates from the VMLF of the
distal radius and attaches to the palmar aspect of the lunate, maintaining the stability
of the radiolunate joint and the sagittal alignment of the wrist joint. Distal radius
fractures with VMLF fragments can damage the attachment of the SRL or even injure it
directly[16-18].

This study aimed to report a series of cases in which the postoperative stability,
function, and sagittal alignment of the wrist joint were measured after distal radius
fractures accompanied by VMLF lesions. Our hypothesis was that effective reduction
and fixation of the VMLF are important to maintain the stability of the wrist joint and
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sagittal alignment and that repair of the SRL should be considered.

MATERIALS AND METHODS
Study design and patients

This was a retrospective study of patients with distal radius fractures who underwent
surgical treatment at the Department of Orthopedics of Beijing Tiantan Hospital
between January 2013 and December 2017. The study was performed in accordance
with the ethical standards of the institutional and/or national research committee and
with the 1964 Helsinki declaration and its later amendments or comparable ethical
standards. The requirement for informed consent was waived due to the retrospective
nature of the study.

The inclusion criteria were: (1) Distal radius fracture in a skeletally mature patient (
ie., > 18 years of age); (2) distal radius fracture accompanied by VMLF fracture
fragments (i.e., the pieces were detached from the VMLF) according to computed
tomography (CT); (3) operative treatment (regardless of the type of fixation method
used); and (4) radiological films available (before and after the operation and at 1-, 3-,
and 6-mo follow-ups). The exclusion criteria were: (1) Open fracture; (2) multiple
fractures of the ipsilateral upper arm; or (3) preexisting functional impairment of the
involved upper extremity.

From 2013 to 2017, a total of 216 patients with distal radius fractures underwent
surgical treatment. Among them, there were 37 patients with VMLF fractures. Two
patients were lost to follow-up. Therefore, 35 patients (38 wrists) were included in the
study.

The patients were divided into two groups according to whether the VMLF
fragments were fixed or not. The fractures were classified according to the Association
for Osteosynthesis/ Association for the Study of Internal Fixation classification[19].

Surgery

The operations were performed by the department’s chief surgeon and deputy chief
surgeon, who have both worked for more than 18 years in the hospital. The indication
for operative treatment was a comminuted fracture zone combined with a tilting of >
20° and radial shortening of = 5 mm on the initial X-ray, according to the guidelines of
the German Society for Trauma for distal radius fractures[20].

For volar fixation, a volar incision of about 6 cm in length was made between the
radial artery and the flexor carpi radialis tendon. The pronator muscle was cut to
expose the fracture, which was then reduced and fixed with a volar plate. According to
the degree of fracture comminution, auxiliary screws or Kirschner wire internal
fixation could be used. After reduction and fixation were satisfying, the pronator
muscle was repaired, and the incision was sutured. If the fracture was severely
comminuted, external fixation with plaster or brace was provided after the operation.

In dorsal fixation surgery, a dorsal incision, about 4 cm in length, was made to enter
between the extensor wrist and extensor digitorum muscles, reveal the fracture, reduce
it, and fix it with a dorsal plate. After reduction and fixation were confirmed, the
incision was sutured.

During postoperative care, the patients were instructed to raise the affected limb for
1 wk, start passive functional exercises of the metacarpophalangeal and
interphalangeal joints after recovery from anesthesia, and after 2-3 d, gradually
perform active functional exercises of the metacarpophalangeal and interphalangeal
joints. Patients with external fixation were asked to gradually perform active wrist
exercises starting 3 d after surgery. The length of operation was about 1 h for only
volar or dorsal fixation. Fixing the VMLF took about 30 min.

Evaluation of the wrist

Pain, functional status, range of motion (ROM), grip strength, daily life status, and X-
ray and CT data (preoperative, immediately postoperative, 1 mo, 3 mo, and 6 mo)
were retrieved from the patient charts. All films were taken in the standard position
with the forearm in neutral rotation. The measured radiological parameters were: (1)
Scapholunate angle (SLA) (an average of 47° with a range of 30° to 60°); (2) radiolunate
angle (RLA) (an average of 0° with a range of -15° to +15°); and (3) capitolunate angle
(CLA) (an averages of 0° with a range of -15° to +15°)[14]. According to the diagnostic
criteria for wrist instability, SLA, RLA, and CLA outside the range indicated wrist
instability (dorsal intercalated segment instability or volar intercalated segmental
instability)[21] (Figure 1).
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Figure 1 Measured radiological parameters. SLA: Scapholunate angle; RLA: Radiolunate angle; CLA: Capitolunate angle; ERLF: Effective radiolunate

flexion.
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The effective radiolunate flexion (ERLF) denotes the relative flexion of the lunate
[22] (Figure 1). Multiple measurements of ERLF during follow-up enabled the identi-
fication of pathologic carpal malalignment[22-24]. Distal radius fractures with ERLF <
25° were considered to have an "adaptive" sagittal malalignment. Neither the
radiocarpal capsule nor the carpal ligaments were injured, and the malalignment
reflects only the adaptation to the lesions[22]. Fractures showing ERLF > 25° were with
sagittal malalignment beyond the physiological range, producing dorsal subluxation
of the radiolunate joint and resulting in pathologic radiocarpal malalignment[22-24]

Figure 2).

( Bne y)ear after surgery, the Mayo wrist score and the disabilities of the arm,
shoulder, and hand (DASH) score were used to evaluate the disability of the wrist. The
Mayo wrist score includes not only subjective criteria (pain, restriction of activity, and
grip strength) but also objective data (loss of ROM). A score of 90-100 represents an
excellent outcome, 80-90 represents a good outcome, 60-80 represents a fair outcome,
and < 60 represents a poor outcome. The main part of the DASH is a 30-item
disability /symptom score concerning the patient's health status during the preceding
week[25]. The items evaluate the degree of difficulty in performing different physical
activities because of the arm, shoulder, or hand problems (21 items), the severity of
each of the symptoms of pain, activity-related pain, tingling, weakness, and stiffness
(five items), and the impact of these problems on social activities, work, sleep, and self-
image (four items). Each item has five response options. The scores for all items are
then used to calculate a scale score ranging from 0 (no disability) to 100 (the most
severe disability)[26].

Statistical analysis

The data were analyzed using SPSS 17.0 for Windows (IBM, Armonk, NY, United
States) and Minitab 15 (Minitab, Inc., State College, PA, United States). Continuous
data were tested for normal distribution using the Shapiro-Wilk test and for
homogeneity of variance using Levene’s test. All continuous data were found to be
normally distributed and have homogeneous variance. They are presented as the
means * SD, minimum, and maximum and were analyzed using Student’s t-test.
Categorical data are presented as n (%) and were analyzed using Fisher’s exact test.
Two-sided P < 0.05 were considered statistically significant.

The sample size is small and from a single center. According to the authors’
experience, the difference of Mayo or DASH between two non-paired groups was
expected to be 20-25[27]. Considering an SD of 20 in each group and a power of 0.8, the
sample size was calculated to be 11-18/group using the R software (https://www.R-
project.org/). Since the two groups included 16 and 22 patients, respectively, it can be
considered that the power reached 0.8.
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Figure 2 Evaluation of the disability. A: Distal radius fracture with effective radiolunate flexion (ERLF) < 25; B: Distal radius fracture with ERLF > 25. ERLF:
Effective radiolunate flexion; VMLF: Volar margin of the lunate fossa.
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RESULTS

Characteristics of the patients

Table 1 shows the characteristics of the patients. There were 15 males and 20 females.
Their mean age was 52.5 + 14.3 (range: 19-70) years. The interval between the trauma
and surgery was from 1 h to 1 mo. There were 38 wrists involved (17 on the left side,
15 on the right, and three bilateral). There were no differences in patient characteristics
between the two groups (P > 0.05). The patients were divided into two groups
according to whether the VMLF fragments were fixed (n = 16) or not (n = 22). There
were no significant differences between the two groups for any of the characteristics.
The average duration of follow-up was 12 mo (11-15 mo, 13.1 + 1.6 mo). All included
patients showed no complications such as infection, nonunion of fracture, loosening of
internal fixation, or rupture.

Wrist instability

In the fixed group, four (25.0%) of 16 patients developed instability; none were in the
radiolunate joint. In the unfixed group, 19 (86.4%) of 22 patients developed instability,
and all were in the radiolunate joint (Table 2). The difference in instability occurrence
was significant (P < 0.001). In the fixed group, none showed ERLF > 25°. In the unfixed
group, 10 (45.5%) of 22 patients showed ERLF > 25° (P = 0.019) (Table 2). The number
of patients with pathological carpal malalignment in the unfixed group was
significantly higher than that in the fixed group.

Postoperative evaluation at 1 year showed an average Mayo wrist score of 94 + 5.7
in the fixed group and 68 + 15.1 in the unfixed group (P < 0.001) (Table 2). All cases
(16/16) in the fixed group had an excellent-good functional outcome. In the unfixed
group, six (27.3%) of 22 cases had an excellent-good outcome, and 16 (72.7%) of 22
cases had a fair-poor functional outcome. Among the 16 patients in the fixed group,
the DASH score was 4.6 + 2.5; among the 22 patients in the unfixed group, the DASH
score was 28.5 £19.5 (P < 0.001) (Table 2 and Figure 3).

Representative case
Figure 3 presents a representative case. It was a 39-year-old man from the unfixed
group, who had a distal radius fracture with VMLF fragment due to a traffic accident.

DISCUSSION

The purpose of this study was to investigate whether the distal radius fractures with
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Table 1 Characteristics of the patients

Group Fixed, n=16 Unfixed, n = 22 P value
Sex, n (%) 0.052
Male 4 (25) 13 (59.1)

Female 12 (75) 9 (40.9)

Age (yr) 54.0 +16.0 51.4+13.2 0.59
Radius fracture, n (%) 0.19
Bl 1(6.3) 2(9.1)

B3 4 (25) 8 (36.4)

C1 3 (18.7) 0(0)

2 0(0) 2(9.1)

C3 8 (50) 10 (45.5)

Imaging features AOQ classification AO classification

Reduction and fixation of the VMLF fragments, 2 (%) Fix with screws or sutures Fracture is small and not fixed

Fixed with AO distal radius volar locking plates 14 (87.5) 18 (81.8) 0.582
Volar and dorsal locking plates 2 (12.5) 1(4.5) 0.582
Dorsal locking plate 0(0) 1(4.5) 1.0
Locking plates and ancillary fixation with Kirschner wires or screws 0(0) 2(9.1) 0.4993
External fixation with plaster 6 (37.5) 11 (50) 0.6638

AO: Association for Osteosynthesis; VMLF: Volar margin of the lunate fossa.

Table 2 Outcomes in the unfixed group and fixed group during follow-up

Group Fixed, n=16 Unfixed, n =22 P value
Wrist instability at 1, 3, and 6 mo < 0.001
Instability, 1 (%) 4 (25) 19 (86.4)

DISI 4 19

VISI 0 0

Stability, 1 (%) 12 (75) 3 (13.6)

ERLF, 1 (%) 0.019
>25° 0(0) 10 (45.5)

<25° 16 (100) 12 (54.5)

Disability of the wrist at 1 year
Mayo, mean + SD 94.0+5.7 68.0+15.1 < 0.001

DASH, mean + SD 46+25 285+19.5 <0.001

ERLF: Effective radiolunate flexion; DASH: Disabilities of the arm, shoulder, and hand; DISI: Dorsal intercalated segment instability; VISI: Volar
intercalated segmental instability; SD: Standard deviation.

lesions involving the VMLF have an important effect on the postoperative sagittal
alignment and stability and function of the wrist joint. The results suggest that injuries
to the VMLF, even small fractures, might damage the radial-lunar ligament, leading to
postoperative wrist instability, sagittal force line imbalance, and poor recovery of wrist
joint function.

This study emphasizes the significance of the reduction of small VMLF fragments
when managing distal radius fractures. The VMLF is critical because the SRL is
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Figure 3 A 39-year-old man from the unfixed group with distal radius fracture with volar margin of the lunate fossa fragment due to a
traffic accident. A and B: Preoperative X-ray and computed tomography; C: At 1 d posttrauma, open reduction and internal fixation with a volar locking plate and
screws were performed. Immediately postoperatively, the X-ray showed a radiolunate angle (RLA) of -16° and effective radiolunate flexion (ERLF) of 19°; D: At 1 mo
postoperatively, the X-ray showed that the RLA was -38°, and the ERLF was to 39°; E: This appearance persisted even after plate and screw removal at 1 year
postoperatively. The Mayo score was 65, and the disabilities of the arm, shoulder, and hand score was 30.8.
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attached to this location. The SRL is important for maintaining the stability of the
radiocarpal joint and bears more load than the ligaments attached in the scaphoid
fossa. A quantitative three-dimensional CT study has shown that 16% of the lunate
facet projects anteriorly from the flat surface of the radius[28]. This bony projection has
a mean thickness of 5 mm and width of 19 mm, which is susceptible to fracture but
difficult to control with plates and screws alone.

The axes of the radius, lunate, capitate, and 3'* metacarpal should be in a straight
line or parallel to each other in the neutral position, which is the normal carpal sagittal
alignment[21]. The RLA, CLA, and ERLF are important angles for the carpal sagittal
alignment. This alignment is maintained not only by the normal structure of the distal
radius and carpal bones but also by the intrinsic and extrinsic carpal ligaments. The
movement of the wrist is mainly determined by the radiolunate joint. Stabilization is
mainly maintained by the articular capsule and volar and dorsal ligaments[29]. The
volar ligaments are tougher than the dorsal ligaments, strengthening the stability of
the wrist joint[30]. The SRL originates from the VMLF of the distal radius and attaches
to the palmar aspect of the lunate. Distal radius fractures accompanied by VMLF
fracture could damage the attachment of the SRL or even injure the SRL directly,
which can lead to instability of the wrist joint. In turn, this condition might result in a
global radiocarpal volar derangement, even resulting in a volar subluxation of the
radiolunate joint. Fractures with SRL partial tears or hematomas, in some cases, can be
explored intraoperatively.

In this retrospective study, 19 cases of radiolunate joint instability were found
among 22 cases with distal radius fractures accompanied by VMLF fracture in the
unfixed group. The possible reason is that the VMLF fracture fragments were not
reduced accurately or fixed effectively. Although postoperative X-ray showed that the
volar tilt, ulnar tilt, radial height, and articular surface of the distal radius recovered
satisfactorily, the small VMLF fragments were not effectively fixed. Three of the 22
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patients in the unfixed group did not meet the diagnostic criteria for instability, but all
had an ancillary external fixation with plaster for 3 wk after surgery. In contrast, in the
fixed group, the VMLF fracture fragments were reduced and effectively fixed with
Kirschner wires, ancillary screws, universal plates, or sutures. Four of 16 cases
developed instability postoperatively, but none occurred in the radiolunate joint.
Therefore, the effective fixation of the VMLF fragments is important to maintain the
stability of the wrist joint. This study’s findings suggest that wrist instability and
sagittal malalignment associated with outcomes of unfixed VMLF might lead to a
worse wrist function than in patients with VMLF fixed effectively. One year after
surgery, the Mayo and DASH scores indicate that the patients in the unfixed group
had significantly greater disability than those in the fixed group.

This study has several limitations. The data are limited to those available from the
patient charts. Data such as osteoporosis, body mass index, drugs, and comorbidities
were not available from all patient charts and could not be analyzed. That is one of the
shortcomings of retrospective analyses. The age distribution of distal radial fracture is
bimodal, peaking in young men and older age women, with more than 50% of
fractures belonging to type A3 or C2[31]. The estrogen levels decrease in women after
menopause, and the bone loss is faster than in men. The degree of osteoporosis of the
distal radius is more serious than in men[32]. Age and gender might be confounding
factors for the results, but the number of patients was small, and further follow-up
studies are needed. Multivariable analyses for the occurrence of wrist instability could
not be performed. Since such cases are relatively rare, surgeons are likely to be less
experienced with VMLEF fracture fixation, extending the surgical time. Still, additional
studies on VMLF repair and fixation are needed.

CONCLUSION

In patients with distal radius fracture, effective reduction and fixation of the VMLF
fragment is important to maintain the stability of the wrist joint and sagittal alignment.
Distal radius fractures involving VMLF fragments should be reduced and fixed with
Kirschner wires, ancillary screws, universal plates, or sutures, regardless of the
articular surface involved. An associated injury of the SRL should be considered when
treating distal radius fractures. Examination and repairs should be performed in
operative treatment plans for these fractures. If necessary, ancillary external fixation
with plaster should be performed after surgery.

ARTICLE HIGHLIGHTS

Research background
Distal radius fractures is common, while volar margin fractures of the lunate fossa
(VMLEF) is uncommon.

Research motivation
In clinical practice, distal radius fractures accompanied by VMLF lesions are often
overlooked or inadequately reduced.

Research objectives
To investigate the effect of fixation of VMLF on the postoperative stability, function,

and sagittal alignment of patients with distal fractures of the radius bone accompanied
by VMLF lesions.

Research methods

In the retrospective study, patients with VMLF factures were included and grouped
according to whether the VMLF fragments were fixed or not. All patients received
operative treatment following the guideline of the German Society for Trauma for
distal radius fractures. Affected wrists were evaluated using radiological parameters at
preoperative and series postoperative follow-up time points among 6 mo. One year
after the operation, the Mayo wrist score and the arm, shoulder, and hand (DASH)
score were used to assess wrist disability.
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Research results

A total of 35 patients were included. There were 38 wrists (17 on the left side, 15 on the
right, and three bilateral; 16 in the fixed group, and 22 in the unfixed group). The
incidence of postoperative wrist instability in the unfixed group (86.4%) was higher
than that in the fixed group (25.0%) (P < 0.001). Both Mayo wrist score and DASH
score supported better outcome of wrist instability at 1 year in the fixed group than
that of the unfixed group (P < 0.001).

Research conclusions
In patients with distal radius fracture, effective reduction and fixation of the VMLF
fragment is important to maintain the stability of the wrist joint and sagittal alignment.

Research perspectives
An associated injury of the short radiolunate ligament should be considered when
treating distal radius fractures.
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