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Is it possible to avoid intra-articular screw penetration with minimal use
of fluoroscopy in the application of distal radius volar plate?

Distal radius volar plak uygulamasinda minimum floroskopi kullanilarak
eklem ici vida penetrasyonundan kaginmak miumkin ma?
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ABSTRACT

Objectives: This study aims to investigate whether or not
it is possible to avoid intra-articular screw penetration in the
application of distal radius volar plate with minimal use of
fluoroscopy and thereby reduce to a minimum the risk of
exposure of the surgical team to radiation.

Patients and methods: Volar plate with distal screw
application with minimal use of fluoroscopy was performed
in a total of 50 patients (22 males, 28 females; mean age 43.52
years; range 18 to 76 years) with unstable distal radius fracture
following reduction of fracture between June 2014 and May
2016. A specially designed volar anatomic plate was applied
by creating a 3 mm gap proximal from the tip of the facet of
the lunate fossa.

Results: No intra-articular screw complication was observed
during plate-screw applications that we performed by using
fluoroscopy at a minimum level and paying attention to
the surgical technique described with the plate designed by
giving a specific angle to screw beds. During the operation,
fluoroscopy was performed at a minimum level and no finding
was observed which could suggest use of intra-articular screw.
No findings of restriction in wrist movements, locking or
friction were observed intra- or postoperatively.

Conclusion: With improvements in the design of the volar
plate and the distal locking screw bed, it is possible to rule out
the possibility of intra-articular screw complications and the
need for surgical re-correction in the early-term, and to reduce to
a minimum the risk of exposure of the surgical team to radiation.
Keywords: Distal radius fracture; fluoroscopy; volar anatomic
plate.

oz

Amag: Bu calismada distal radius volar plak uygulamasinda
minimum floroskopi kullanilarak eklem i¢i vida
penetrasyonundan kacinmanin ve boylece cerrahi ekibin
radyasyona maruz kalma riskinin minimuma indirilmesinin
mumkiin olup olmadigi aragtirildi.

Hastalar ve yoéntemler: Haziran 2014 - Mayis 2016
tarihleri arasinda instabil distal radius kirigi olan 50 hastada
(22 erkek, 28 kadin; ort. yas 43.52 y1l; dagilim 18-76 y1l) kirik
reduksiyonunu takiben distal vida ile volar plak uygulamasi
minimum floroskopi kullanimi ile gerceklestirildi. Ozel
tasarlanmis volar anatomik plak lunat fossanin fasetinin
ucundan proksimale dogru 3 mm mesafe olusturularak
uygulandi.

Bulgular: Vida yataklarina ozel agi verilerek tasarlanmig
plak ile tarif edilen cerrahi teknige dikkat ederek ve
minimum duzeyde floroskopi kullanarak yaptigimiz plak-
vida uygulamalarinda eklem i¢i vida komplikasyonu ile
karsilasilmadi. Ameliyat sirasinda floroskopi minimum
duzeyde uygulandi ve eklem i¢i vida kullanimini dusiindurecek
herhangi bir bulguya rastlanmadi. Ameliyat sirasinda ve
sonrasinda el bilegi hareketlerinde kisitlilik, takilma ya da
surtinme bulgularina rastlanmadi.

Sonug: Volar plak ve distal kilit vida yatag: tasarimindaki
iyilestirmeler ile eklem i¢i vida komplikasyonlar1 olasiligini
ve erken donem tekrar cerrahi duzeltme ihtiyacini ortadan
kaldirmak ve cerrahi ekibin radyasyona maruz kalma riskini
minimuma indirmek mumkiindur.

Anahtar sozciikler: Distal radius kirig; floroskopi, volar anatomik
plak.
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Complications may be seen such as flexor and
extensor tendon irritation and tendon ruptures,
carpal tunnel syndrome, complex regional pain
syndrome, delayed wunion, and intra-articular
penetration of screws in the application of volar plate
for the treatment of distal radius fractures.!

Intra-articular penetration of distal screws
is not a rare complication. Factors which can
lay the ground for and result in intra-articular
penetration of the screws include plate design
(distal mobile screw holes, non-angulated free
holes, incompatibility of the plate and distal radius
volar interface), application errors (inattention to
the watershed line during application of the plate,
incorrect positioning of the plate), inattention to the
depth of the lunate fossa, and super-positioning of
the screws.?

When applying a volar distal radius plate, there
are five important anatomic formations that require
attention; the volar radial tuberosity, volar radial
ridge, fibrous transition zone, watershed line, and the
lunate facet buttress.”! Another point which has been
described in respect of ideal placement of the plate
and collapse which could occur in the future is the
distal dorsal cortical distance, which should be 6 mm
or less.l!

However, despite an appropriate surgical
technique paying attention to all these anatomic
forms, there is a need for fluoroscopy when applying
a volar plate. Radiation is known to be harmful for
both the surgeon and the anesthesia team.® There
should be an awareness of the long-term harm of
repeated exposure to radiation, including usage at
small doses.” It is important to reduce these harmful
effects to a minimum. Checking with fluoroscopy

is recommended when seating the volar plate in
the distal radius, when applying the screws in the
head section of the plate, at the stage of fixing the
screws in the stem and head section, and at the end
of surgery.®

In this study, we aimed to investigate whether
or not it is possible to avoid intra-articular screw
penetration in the application of distal radius volar
plate with minimal use of fluoroscopy and thereby
reduce to a minimum the risk of exposure of the
surgical team to radiation.

PATIENTS AND METHODS

Between June 2014 and May 2016, surgery was applied
to 50 patients (22 males, 28 females; mean age 43.52
years; range 18 to 76 years) who presented at our
clinic with an unstable distal radius fracture. The
fractures were in the right-side radius in 16 patients
(32%) and in the left-side radius in 34 (68%). The
mean follow-up period was 12 months. Criteria of
instability were accepted as distance between the
intra-articular fracture fragments of >1 mm, step-
off between intra-articular fracture fragments of
>1 mm, changes in the radial curve of =5°, changes in
volar angulation of >10° changes in radial height of
>5 mm, fracture of >50% of the dorsal or volar joint
surface and shift of >5 mm between major fracture
fragments.”!”! This technique was not used on AO
C3 type fractures.

Surgical technique

Patients with unstable distal radius fracture
underwent surgery with a distal radius anatomic volar
plate (C-M Smart, Hipokrat, Izmir, Turkey). The plate
is a truly anatomic plate, comprising head and stem

Figure 1. Technical images showing plate structure and screw hole angles.



Figure 2. Perioperative image of injector needle entering
radiocarpal joint almost from tip of lunate fossa facet.

sections, compatible with the distal radius anatomy
in three planes. The plate has been designed with the
screw angles in the head section at angles suitable to
prevent joint penetration of the screws (Figures 1).
The stem section is a spiral shape compatible with
the distal radius anatomy. All the screws in the head
section of the plate were applied without fluoroscopy.
Before the operating field was closed, posteroanterior
(PA) and PA tilt (11°) and lateral and lateral tilt (15.23°)
were checked with fluoroscopy.

The volar surface was entered with a 10-12 cm
incision over the flexor carpi radialis. The radial
artery together with the flexor carpi radialis tendon
were moved laterally. The other flexor tendons
were retracted medially and the pronator quadratus
muscle was reached. The muscle together with
the periosteum was raised in the form of a flap
and moved to the ulnar side. Following fracture
reduction, an injector needle was placed into the
radio carpal joint just at the tip of the lunate fossa
facet (Figure 2). By creating a 3 mm gap towards the

Figure 3. A 3 mm gap was created between needle and distal
edge of volar anatomic plate.
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proximal from the needle, the distal radius anatomic
volar plate was placed in the pronator fossa in such
a manner that the distal edge of the plate would not
cross the watershed line (Figure 3). First, the screws
were placed over the oval holes in the plate stem.
Then, the head section of the plate was seated by
applying two screws to the specifically angulated
oblique screw bed in the most proximal section of the
head of the plate. The third step was to apply screws,
again to the specifically angulated oblique screw
bed, next to the lunate fossa in the ulnar distal of the
plate. Then, in sequence, two screws were entered
to the styloid and other screws were placed. During
the operation, wrist movements were checked and
checking was applied once with fluoroscopy, then
finally, the pronator quadratus muscle was fixed to
the two holes located at the radial edge of the plate
(Figure 4).

RESULTS

After advancement of the screws, it was checked
during the operation if there was any restriction
of wrist movements, locking or friction. Whether
or not screws were within the joint was checked
with a minimal use of fluoroscopy on the operating
table before the operating field was closed in all
patients (Figures 5). No intra-articular screw was
determined in any patient. No findings or imaging
suggestive of intra-articular penetration of the
screw to the radiocarpal joint were encountered in
the routine postoperative clinical or radiographic
follow-ups.

DISCUSSION

Volar plate application is the gold standard
treatment method for unstable, distal radius
fractures." The application of subchondral screws is

Figure 4. Closure of pronator quadratus muscle with holes in
plate edge.
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Figure 5. Postoperative fluoroscopy control.

particularly recommended because of the supportive
effect.’? However, this increases the risk of the
screw penetrating the joint in angled plates. Intra-
articular screw penetration is known to trigger
osteoarthritis.m¥

To determine intra-articular screw penetration in
the treatment of distal radius fractures with volar
plate, fluoroscopic methods (rotational fluoroscopy,
3-D fluoroscopy), standard radiographs (PA and lateral
images), 11° PA tilt and 22° lateral tilt images and
tomography are recommended.™ The distal radius
anatomy is complex and intraoperative imaging is
difficult. Intra-articular screw penetration may not be
determined on radiographs™ and the correct extra-
articular position of the subchondral screw may not
be obtained on standard PA and lateral fluoroscopic
images.'*® In a study by Mehling et al, volar plate
was applied to 51 patients with unstable, distal radius
fractures and 3-D tomography was taken in addition to
intraoperative 2-D fluoroscopy. Incorrect placement of
the screw was determined in 31.3% of the patients and
immediate correction was made during the operation.

In a cadaver study by Soong et al.”” tomography
was not used for the evaluation of intra-articular
screw placement, but examination was made using
standard PA, 11° tilt PA, standard lateral and 15° 23°
and 30° lateral tilt fluoroscopic images. It was stated
that low angle lateral images were more specific for
ulnar screws and high angle images for radial screws.
In the current study, evaluation was made with
standard PA, 11° tilt PA, standard lateral and 15° and
23° lateral tilt fluoroscopic images.

In a previous study conducted by the current
study team using this technique on dry bones and
cadavers, no intra-articular screw penetration was
seen.” Therefore, no need was felt for any need for
tomography in the cases of the current study.

During the application of a volar plate, it is
known that not only the surgeon, but the whole
team, including the anesthetist, are exposed to
radiation, with the thyroid, gonads, hands and eyes
particularly affected.®?! Reducing the amount of
radiation exposure is important for the whole surgical
team. In a study by Mehlman et al.?? of fluoroscopy
in general orthopedic operations, clear exposure to
radiation was seen at distances of <70 cm from the
fluoroscopy beam. In another study by Miiller et al.,®
it was shown that the first assistant was exposed to
more radiation than the surgeon in the application of
distal volar plate.

Therefore, surgery should be planned with plates
with specifically angled screw beds, which are
compatible with the radius volar anatomy. In this way,
as demonstrated by the current cases, intra-articular
screw complications can be avoided and the amount
of radiation to which the surgical team is exposed can
be reduced.!

The plates to be applied must be absolutely
compatible with the distal radius anatomy, should
have holes at angles not going to the joint surface, and
must be seated 3 mm proximal to the tip of the lunate
facet at the level of the lunate fossa.

This study has some limitation, because of the
fact that we didn’t measure distal dorsal cortical
distance.

In conclusion, with improvements in the design of
the volar plate and the distal locking screw bed, it is
possible to rule out the possibility of intra-articular
screw complications and the need for surgical
re-correction in the early-term, and to reduce to a
minimum the risk of exposure of the surgical team
to radiation.
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