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ABSTRACT

Introduction: Wrist fracture management with volar locking plates may be insufficient in fractures with volar marginal fragments
distal to the line insertion of the pronator quadratus, the insertion site of important ligaments. Objective: To evaluate the reproduc-
ibility and results for the treatment of volar marginal fragment in distal radius fractures with a technique of pin fixation, capturing
the fragment and securing them under the distal radius volar locking plate. Materials and Methods: The surgical technique uses
one or more pins for the fixation of the volar lunate facet fragment in the distal radius, securing the pins under the locking plate. We
initially performed a cadaveric simulation. Then we conducted a retrospective study on 7 patients with distal radius intra-articular
fractures and volar marginal fragments distal to the watershed line, treated between September 2014 and February 2015. The av-
erage age was 53 years, and the average follow-up was 16 months. Radiographs were obtained in successive controls. Range of
motion, grip strength, and 2 functional scores were assessed at discharge. Results: All fractures healed successfully maintaining
reduction of the volar marginal fragment. There were no cases of postoperative distal radioulnar joint instability. Conclusion: Ad-
ditional fixation of volar marginal fragment in distal radius fractures with bent pins under the plate provides an easy, affordable and
adequate alternative to supply the adequate fragment stabilization that plate-alone techniques do not achieve.
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Fracturas marginales volares de radio distal: fijaciéon con clavijas adicionales a la placa volar

RESUMEN

Introduccion: El tratamiento de las fracturas de muieca con placas volares bloqueadas puede ser insuficiente para las fracturas
con fragmentos volares marginales distales a la linea de insercién distal del pronador cuadrado, sitio de inserciéon de importantes
ligamentos. Objetivo: Evaluar la reproducibilidad de la técnica y los resultados del tratamiento de fracturas marginales volares de
radio distal con clavijas, capturando el fragmento volar y dejandolas debajo de la placa volar bloqueada de radio distal. Materiales
y Métodos: La técnica quirdrgica utiliza una o varias clavijas para fijar el fragmento volar semilunar del radio distal, bloqueandolas
debajo de la placa. Inicialmente efectuamos una simulacion cadavérica. Luego, realizamos un estudio retrospectivo que incluyo
a 7 pacientes con fracturas de radio distal intrarticular con un fragmento marginal volar distal a la linea de la orilla, tratados entre
septiembre de 2014 y febrero de 2015. El promedio de edad era de 53 afios, y el del seguimiento, de 16 meses. Se obtuvieron
radiografias en sucesivos controles. Al alta se evaluaron el rango de movilidad, la fuerza de prensién y dos puntajes funcionales.
Resultados: Todas las fracturas consolidaron satisfactoriamente manteniendo la reduccién del fragmento marginal volar. No hubo
casos con inestabilidad radiocubital inferior como secuela. Conclusion: La fijacion adicional del fragmento marginal volar lunar
del radio con clavijas dobladas por debajo de la placa ofrece una alternativa de estabilizacién sencilla, econémica y adecuada
para suplir la fijacion de un fragmento que la placa sola no estabilizaria adecuadamente.
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INTRODUCTION

The development volar locking-plate systems for wrist fractures has revolutionized their treatment. Owing to
their relatively few complications and their effectiveness to successfully treat most distal radius fractures, they
have become the treatment of choice for numerous surgeons.'? However, in fractures involving volar marginal
fragments distal to the line insertion of the pronator quadratus (the “watershed line”),’ fixation of the volar lunate
facet fracture fragment may prove inadequate.* The immense significance of this fragment lies on its role as bone
limit to lunate translation (similar to that of the osseous anterior glenoid rim in the glenohumeral joint) and as in-
sertion site of important radiocarpal (short radiolunate ligament) and radioulnar ligaments (volar distal radioulnar
ligament). Unsuccessful fixation may result in instability or sub-dislocations at the radiocarpal and distal radio-
ulnar joints.** This fracture line may be part of an isolated fracture or a comminuted fracture. Several treatment
options have been proposed, all of them with their own advantages and complications.®* Moore and Dennison have
proposed using one or several pins to capture the distal volar marginal fragment and secured them under the volar
locking plate.’

The purpose of this study is to assess the feasibility of Moore and Dennison’s technique and report our initial
experience on its use in the treatment of distal radius fractures with volar marginal fragment distal to the radius.

MATERIALS AND METHODS

After the approval of the research protocol by the Research
Commission of the University Institute CEMIC, we initially per-
formed a cadaveric simulation. The used specimen was fixed in
formalin and belonged to a 76-year male with no radiocarpal
alterations. The fracture line was created using a thin osteotome,
and then a polyaxial locking plate (Biokinet, Argentina) was
placed. The impossibility to perform fragment fixation without
an inadequate plate placement was assessed and confirmed. Fix-
ation was then performed using two 1 mm pins that were bent
and secured under the plate, which resulted in a stable fixation.

Following this initial experience in a cadaveric model, we be-
gan using this technique in the operating room.

We conducted a retrospective review on 7 patients who had
suffered a distal radius fracture associated with a volar marginal
fragment, and had undergone surgery by the same surgeon be-
tween September 2014 and February 2015.

The inclusion criteria for this retrospective study included pa-
tients with distal radius intra-articular fractures and volar mar-
ginal fragments distal to the watershed line (Figure 1).

DORSAL

Figure 1. Wrist CT sagittal section. Image reveals
distal radius intra-articular fracture and volar marginal
fragment distal to the watershed line.

VMF = volar marginal fragment.
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Volar marginal fragment in distal radius fractures

Four patients were females and 3 were males. The average age was 53 years. Three cases involved the right wrist,
and three cases involved the dominant side. All fractures were C3 fractures according to the AO classification. '
The average follow-up period was 8 months (Table 1).

Table 1. Study population data

. Tendra cabezal?

4 females
Sex
3 males
Age 53 years (range, 31-76)
. 3 right
Fractured wrist 4 lekt

4 dominant side

Domin it . .
ST, S 3 non-dominant side

AO classification C3
Average time to surgery 16 days (range, 7-29)
Average follow-up period 16 months (range, 12-18)

The number of pins used under the plate varied according to the management of of the comminution associated
to the volar marginal fragment: 4 pins (1 case); 2 pins (4 cases); 1 pin (2 cases). Three patients also presented with
displaced distal ulnar fracture: 2 cases of ulnar styloid base fracture that were treated with Kirschner pin and com-
pression screw, respectively; and 1 case of distal ulnar metaphyseal fracture that was treated with 2.7 mm locking
T-plate.

Surgical technique

All patients underwent outpatient surgery, using plexus anesthesia with tourniquet (hemostatic cuff) and fluo-
roscopic assistance. The standard volar approach for distal radius, as described by Orbay and Fernandez,'"'> was
used in three cases, and the minimally invasive, distal, transverse approach in the remaining four cases."

Initially, an overall fracture reduction is performed, using ligamentotaxis supplemented by intra-focal pinning
(Figures 2A and 2B)." Volar lunate facet fragment reduction was then assessed (fragment size and comminution);
fixation was supplemented by one or more 1 mm pins. Pins penetrated the distal volar lip of the reduced marginal
fragment, angled in an approximately 45 degrees distal to proximal and dorsal to volar direction. The “teardrop”
angle (between the radius axis and the volar lunate lip, approximately 70 degrees) was useful in cases involving
major comminution (Figures 2C and 2D). After achieving adequate reduction and fixation, the pin was partially
removed (approx. 1 cm) and bent as much as possible toward proximal direction, while firmly gripping it with
pliers to secure the direction. The pin was then molded on to the volar surface of the radius (Figures 2E-I), and the
distal radius volar locking plate was positioned, capturing the pins while securing the adequate “teardrop” angle
(Figures 2J-M). Using two pins is preferred to control any rotation of the fragment; however, fragment size de-
termines the maximum number of pins that may be used. After fixation was achieved, fragment and joint stability
were assessed.
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Figure 2. Fluoroscopic view during the procedure. A and B. Metaphyseal fracture per-cutaneous reduction using intra-focal
pinning. C and D. Additional pins in the volar marginal fragment. E-G. Partial removal and bending of pin using a
needle-holding forceps. H and I. Partial removal and bending of the additional pin using a needle-holding forceps.

J and K. Metaphyseal volar plate fixation over the bent pins. L and M. Intra-focal pin removal and final fixation with all
screws placed over the additional pins.

Postoperative management

Postoperative immobilization was performed considering the associated lesions: long-arm plaster casts for 4
weeks in patients with associated distal ulnar fractures; and short-arm plaster casts for 3 weeks in the other 4
patients. Physical therapy was instituted after the immobilization was removed and discontinued once complete
mobility was achieved.

Evaluation

Anteroposterior and lateral radiographs were obtained at each postoperative visit, until complete radiographic
healing was observed.
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Volar marginal fragment in distal radius fractures

On discharge day, wrist range of motion was measured in flexion, extension, supination, and pronation using a
goniometer, and grip strength was measured using a Jamar dynamometer.

Scores from the QuickDASH questionnaire and the Patient-Rated Wrist Evaluation questionnaire (PRWE) were
studied.'>!°

RESULTS

Table 2 shows the obtained wrist ranges of motion, grip strengths, and QuickDASH and PRWE scores. There
were no cases of postoperative distal radioulnar joint instability.

Table 2. Clinical outcomes

| e | Rame

QuickDASH 14.29 5,26-36,7
PRWE 17.42 3-45
Fist strength 19.87 kgf 12-51.5 kgf
Flexion 62.42° 35-85°
Extension 69.43° 40-86°
Pronation 85.71° 75-90°
Supination 79.29° 30-95°

PRWE = Patient-Rated Wrist Evaluation

All distal radius fractures healed satisfactorily, maintaining the volar lunate facet fragment reduction with no
articular alignment changes, hardware malfunction or pin migration.

One patient experienced a complication, postoperative regional pain syndrome Type 1, and had good evolution
with medical treatment and rehabilitation. No patient required fixation hardware removal or had evidence of flexor
or extensor tendon irritation.

DISCUSSION

The volar lunate facet fractures of the distal radius are difficult to treat, and postoperative loss of reduction
has been reported.* Standard volar-locked plating has proven limited in providing an effective solution for these
cases, warranting a different type of additional fixation. Several authors have produced potential solutions for
this fragment fixation: the fragment-specific fixation system involves specific plates to stabilize fracture frag-
ments in each column. This distal radius fixation method requires multiple incisions and is known to be techni-
cally demanding, involving a significant learning curve for adequate fracture fixation. In addition, in our setting,
plates must be ordered beforehand.”® Traction-absorbing wiring has been described in isolated volar lunate facet
fractures. This is an effective technique, although hard to perform in cases requiring volar plates for the fixa-
tion of other fracture fragments or in cases involving significant volar metaphyseal fragmentation.® Pins passed
through the fragment from the volar side and protruding into the dorsal aspect may prove to be an easy solution,
though providing relative stability and requiring a second procedure for their removal. Finally, suture fixation,
used in avulsion fractures with minimum bone fragments, also fails to secure stability and may be challenging
in some cases."”’

This study technique offers several advantages: provides a stable fixation to the volar lunate facet fragment to
resist volar displacement, is ease to perform, enables to stabilize the remaining fracture fragments using any type
of locking plate, is inexpensive and easily available for any operating room, and results in no prominent hard-
ware nor requires its removal. In our series, there were no cases of postoperative volar carpal sub-dislocations
or distal radioulnar instability. The final radiographs confirmed congruent reduction and adequate healing in all
cases. The clinical outcomes were similar to those reported for locking fixations in less complex distal radius
fractures.
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The limitations of our study include: a small case series population (due to the type of fracture under study),
and an heterogeneous population (3 patients with associated ulnar fracture). Although we observe no complica-
tions associated with the internal fixation, flexor tendon additional lesions may occur years after surgery; thus, our
follow-up period may have been inadequate.

CONCLUSIONS

Additional fixation of volar marginal fragment in distal radius fractures with bent pins under the plate provides
an easy, affordable and adequate alternative. This technique allows for any type of locking or non-locking plate ad-
ditional fixation, thus making them more widely available for cases where a single plate fixation would be unable
to achieve stability of said fragments.
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