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EARLY EXPERIENCE WITH THE TRIMED FRAGMENT-
SPECIFIC FRACTURE FIXATION SYSTEM IN

INTRAARTICULAR DISTAL RADIUS FRACTURES
N. SAW, C. ROBERTS, K. CUTBUSH, M. HODDER, G. COUZENS and M. ROSS
From the Upper Limb Unit, Princess Alexandra Hospital, Brisbane, QLD 4102, Australia
This paper reports the results of fixation of intraarticular fractures of the distal radius using the
TriMed fragment-specific fixation system by surgeons early in their experience with the system. A
consecutive series of 22 AO types C2 and C3 fractures in 21 patients were internally fixed with the
system. Restoration of articular congruity to less than 2mm was possible in 20 fractures. At a
minimum of 6 months follow-up, mean volar and radial inclination were 81 and 251, respectively,
with no loss of reduction. The patients had a mean of 501 flexion, 631 extension and a
pronation–supination arc of 1491. The mean subjective Patient Rated Wrist Score was 20. Our
complication rate was comparable to other published series despite long operating times. Therefore,
we commend the system as a powerful tool to treat these difficult fractures but acknowledge the
significant learning curve.
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classification (Müller et al., 1990) and we describe our
results in these patients early in the surgeons’ learning
The management of distal radius fractures remains an
unresolved issue nearly two centuries after Abraham
Colles description of this fracture in 1814. This is
particularly true for intraarticular distal radius frac-
tures. Treatment methods for these complex fractures
include management in plaster, percutaneous pin fixa-
tion, open reduction and internal fixation and external
fixation, often in combination, with or without arthro-
scopic assistance (Fernandez and Wolfe, 2005).

Long term reviews of distal radius fractures have
shown poorer results with intraarticular fractures,
particularly those with persistent incongruity (Kopylov
et al., 1993). Therefore, irrespective of the treatment
modality, the aim of management should be the
anatomical restoration of the radiocarpal and radiulnar
joints if possible (Fernandez, 2000). The possibility of
achieving this goal is dependent on the soft tissue injury,
comminution of the bone, the equipment available and
the skill of the surgeon. With the introduction of the
TriMed fragment-specific fixation system (TriMed
Inc.,Valencia, CA, USA) separate fragments of the
fracture can be individually stabilised to try to achieve
anatomical restoration through limited volar and dorsal
approaches, with good results (Konrath and Bahler,
2002). Biomechanical testing has shown this system to
provide greater stability in comminuted fractures when
compared to augmented external fixation (Dodds et al.,
2002), supporting a programme of early active mobilisa-
tion. However, the system can be daunting to the
unfamiliar, with a lengthy learning curve (Medoff and
Kopylov, 1998).

The aim of this paper is to describe our early

the TriMed system following its introduc-
1. As a tertiary centre, a significant
f our caseload consists of comminuted
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intraarticular fractures, types C2 and C3 in the AO
curve.

PATIENTS AND METHODS

This study is a retrospective analysis of a consecutive
series of patients who underwent open reduction and
internal fixation of intraarticular distal radius fractures
using the TriMed system at the Princess Alexandra
Hospital, Brisbane, in a 1 year period to August 2002.
Our indications for operative fixation include, and
remain, those fractures that are open, unstable, have a
loss of volar tilt and radial inclination of more than 101
and those that demonstrate intraarticular displacement,
or steps, of more then 2mm. Those with intraarticular
fractures, AO type C2 and C3, which were more than 6
months post surgery, were selected for the study group
(Fig 1).

The only exclusion criteria were patients under the
age of 16 years and those with metaphyseal bone loss
that required segmental grafting.

In the study period, a total of 30 consecutive distal
radius fractures were identified in 27 patients. All were
treated with the TriMed system. Of these, 22 fractures in
21 patients were classified as AO types C2 (ten fractures)
and C3 (12 fractures), all had intraarticular displace-
ment, or steps, of greater than 2mm. These 30 fractures
in 27 patients formed our study group.

The operating surgeons were a mixture of Upper

Limb Fellows and Consultant Hand Surgeons. Each
had undergone training at specific workshops to
familiarise themselves with the TriMed system but none
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had performed more than 12 procedures. The decision

Fig 1 (a)–(d) Plain X-ray and CT images of a C2 type intraarticular d
on the implants used was made pre-operatively, based
on CT scans of each wrist, and intraoperatively by the

operating surgeon.

Operative technique

The surgical technique is based on the limited volar
radial and dorsal approaches described by Leslie and
Medoff (2000). General anaesthesia, an arm tourniquet
and intraoperative fluoroscopy is used in each case. The
fracture is gently manipulated with closed traction. A 5
to 6 cm longitudinal incision is then made radial to the
radial artery. The superficial branches of the radial
nerve are preserved in the skin flaps and the first dorsal
compartment partially released proximally to allow
retraction of the tendons. It is important to preserve
the distal portion of the first compartment adjacent to
the tip of the radial styloid. The insertion of brachior-
adialis tendon is identified and released from the radius

to reveal the radial styloid. This is a crucial step in the
procedure in sub-acute fractures as brachioradialis
exerts a strong deforming force that prevents accurate
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reduction. If volar exposure of the radial column is
required, the pronator quadratus is elevated off the
distal radius to expose the volar distal radius. The dorsal
radius is exposed through a longitudinal incision
between the third dorsal and fourth compartments.
Release of the extensor pollicis longus tendon and
subperiosteal elevation of the fourth dorsal compart-
ment is occasionally necessary in more complex fracture
patterns.

Under direct vision and fluoroscopy, the radial styloid
is provisionally reduced and held with a 0.045 in K-wire.
The articular fragments may be visualised and manipu-
lated through the fracture line in combination with
indirect reduction techniques using intraoperative
fluoroscopy. An arthrotomy is avoided if possible, as
this may have an adverse effect on recovery of flexion.
Depending on the pattern of the fracture, stabilisation
of the specific volar, dorsal and articular fragments may
be with any combination of wireform buttress pins and
clamps. The radial column and dorsoulna column can
then be stabilised with pin plates. The final reduction is

l radius fracture.
confirmed under image intensification and the range of
movement of the wrist and stability of the distal
radoulnar joint (DRUJ) checked. The decision on
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CT
whether to use artificial bone graft (Norian SRS. SRS;
Norian, Cupertino, CA, USA) is made by the operating
surgeon, depending on the size of the metaphyseal
defect. Bone graft can easily be introduced into the
metaphysis of the restored wrist through a small window
on the radial border of the radius, under what was the
insertion of brachioradialis. A bulky padded dressing is
then applied, but not a plaster.

Our standard postoperative regimen involves redu-
cing the bandages on the first postoperative day and
commencing active range of movement exercises under
the supervision of a Hand Therapist. A thermoplastic
resting splint is provided to the patient to aid in
activities of daily living and removed for hand and
wrist range of movement exercises five times daily. This
splint is weaned over a period of 6 weeks and
strengthening exercises started.

Patients underwent objective clinical assessment by a
hand therapist, radiological assessment by two surgeons
and completed a subjective outcome questionnaire at a
minimum of 6 months from surgery. Clinical evaluation
took the form of range of motion (dorsal midline)
measurements and grip strength measurement using a
Jamar Hand Dynamometer (Clifton, NJ, USA) set on
the second position. Comparison was made to the
uninjured side in unilateral injuries.

Radiological assessment of the accuracy of the initial
articular reduction and restoration of volar and radial
inclination was performed and compared to the X-rays
at follow-up.

A validated subjective evaluation was made using the
Patient Rated Wrist Evaluation (PRWE) (MacDermid
et al., 1998). The PRWE is a region specific, self-report
instrument designed for wrist and scaphoid fractures. It

EARLY EXPERIENCE WITH THE TRIMED FRAGMENT-SPECIFIC FRA
consists of five pain and ten function scores with a total
score out of 100, with lower scores representing better

mean of 8 months (range 6–25) showed no significant
loss of reduction compared to the immediate post-
outcomes.

RESULTS

The average age of the patients was 32.3 (range 18–58)
years and the mechanism of injury was a simple fall in
three, fall from a height in six, a crush injury in one and
a motor vehicle accident in 11 patients, reflecting the
high energy nature of these injuries. The average
duration between injury and surgery was 14 (range 5–
24) days. Five of the cases had surgery performed at
least 3 weeks after the injury. This long delay was due
primarily to the tertiary referral nature of our unit, but
also reflects the logistics of transfers over long distances
in our state of Queensland, Australia.

Five surgeons performed all procedures, with 17 done
by Hand Fellows of a training grade. With respect to the
implants used, every patient had a radial and ulnar pin

plate inserted. In addition, nine patients had a volar
buttress pin, five a volar buttress plate and eleven had
volar and/or dorsal wireform clamps. In total, seven
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patients had at least four implants inserted. The average
duration of the operations, from commencement of the
anaesthetic until the patient left the theatre, was 171
(range 96–236) minutes. Nineteen patients had Norian
SRS bone substitute (Norian SRS. SRS; Norian,
Cupertino, CA, USA) used to fill the metaphyseal
defects. No additional method of fixation was used and
no patient had a plaster applied postoperatively.

There were several postoperative complications. Four
patients complained of transient paraesthesiae in the
median nerve distribution but these settled in all four
within 1 week. One patient developed chronic regional
pain syndrome (CRPS) Type 1 (syn. Reflex Sympathetic
Dystrophy; Algodystrophy) and, despite intensive hand
therapy and pain management, had a poorer result. One
patient had an unstable DRUJ immediately postopera-
tively which was successfully treated in a supination
splint for 4 weeks. Another developed what appeared to
be avascular necrosis of part of the ulnar column. Two
patients had implant removal during the follow-up
period: one for clicking with forearm rotation and the
other for profound stiffness. Both improved following
removal of the implants. There were no instances of
wound breakdown or infection. There were no patients
who were felt to have intrinsic carpal ligament injuries,
either before or after fixation, on radiological grounds,
nor clinically, at the end of the review period.

All but one patient were followed to radiological
union. This patient returned to his home town for local
review and did not attend our unit again. Therefore, his
immediate postoperative radiographs were assessed for
adequacy of reduction but he has, otherwise, been
excluded from all follow-up analysis. The mean follow-
up was 10 (range 6–25) months. Clinical review and
questionnaire assessment were performed at the last
outpatient visit. A summary of the results is reported in
Table 1.

Analysis of the immediate postoperative X-rays
showed that two fractures had not had the intraarticular
component reduced to less than 2mm displacement and
two had had a non-anatomic reduction of the volar–
ulnar corner of the fracture. The radial inclination was
restored to a mean of 261 (standard deviation 4.7) and
volar inclination to a mean of 81 (standard deviation
5.0). Reviewing the X-rays taken at final follow-up at a

URE FIXATION SYSTEM 55
operative images (Figs 2 and 3).

DISCUSSION

The management of intraarticular fractures of the radius
represents a difficult and challenging problem for the
surgeon. These injuries often occur in young people as a

result of high energy trauma with significant arti-
cular and metaphyseal comminution. Some authors
have found that the most important factors affecting
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Table 1—Summary of the clinical assessment and PRWE scores of 21 fractures in 20 patients

Mean (SD) Range

Active flexion (1) 50.8 (13.7) 25–68

Active extension (1) 62.4 (9.7) 46–82

Flexion/extension arc (as % of uninjured side)a 76.2 (11) 51–93

Active supination (1) 75.0 (18.6) 12–106

Active pronation (1) 75.9 (13.4) 34–92

Pronation/supination arc (as % of uninjured side)a 86.8 (13.6) 56–109

Grip strength (Kg) 37.3 (12.1) 3–52

Grip strength (as % of uninjured side)a 84.4 (22.7) 21–131

PRWE score 20.5 (17.3) 2–68

aExcludes patient with bilateral wrist fractures.

Fig 2 (a) and (b) Immediate postoperative X-rays of fixation with

radial and dorsal pin plates, dorsal wireforms and a volar plate.
Fig 3 Plain X-rays at 8 months after surgery showing healed fracture
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functional outcome and radiographic evidence of
degenerative change are intraarticular steps or gaps
(Knirk and Jupiter, 1986; Trumble et al., 1993).
However, there is uncertainty as to what is an acceptable
step, with some evidence suggesting that the size of the
step is less relevant than the presence of one, and that
small gaps may not influence outcome at all (Gliatis et
al., 2000). The same authors have found that loss of the
normal radial inclination is also associated with poorer
functional outcome. Therefore, the ideal of anatomical
reduction must be balanced against the reality of
achieving this in the face of significant bony comminu-
tion and soft tissue injury (Fernandez, 2000).

We believe that the fragment-specific fixation of the
TriMed system allows the surgeon to tailor the implants
to the fracture pattern as required. Not only can the
wireforms aid the reduction of the fractures, but they are
sufficiently stable to maintain the reduction until union.
In our series, surgeons early in their experience with the

system have been able to restore the articular margin in
20 of 22 patients and restore the volar and radial
inclination to a mean of 81 and 261, respectively, with no

http://jhs.sagepub.comDownloaded from 
loss of reduction. This is comparable to other published
series of the TriMed system (Konrath and Bahler, 2002),
external fixation (Krishnan et al., 2003) and internal
fixation (Campbell, 2000; Ring et al., 2004).

A recent metaanalysis of the published literature
compared internal and external fixation of unstable
distal radius fractures (Margaliot et al., 2005). The
pooled estimates for wrist flexion were 55.71 and 52.41,
wrist extension 55.41 and 59.31, pronation 84.41 and
78.51 and supination 75.01 and 79.31 for external and
internal fixation, respectively. The range of movement in
our series is comparable to these results. One of the
advantages of the using the TriMed system was that we
were able to achieve stable intraoperative fixation of all
the fractures in our series. Although one patient
required a static splint for an unstable DRUJ, no
patient required supplementary stabilisation with an
external fixator, or was immobilised in plaster to protect

and maintenance of reduction.
the fixation. The patients were, therefore, able to
commence an active range of movement exercise
programme from the first postoperative day.
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even during this learning period, good anatomical
reduction can be achieved and good functional outcome

CT
We feel the duration of the operations was too long in
our series, with the longest procedure taking 236
minutes. This was, in part, due to our relative
inexperience with the system and almost certainly
contributed to the transient median nerve paraesthesiae
in four of the patients. However, the cases in our series
were all complex intraarticular fractures and longer
operative times should, perhaps, be expected. In none of
the articles referenced in this paper has the duration of
the procedures been recorded, so we are unable to
compare our experience with that of others. Recent
experience in our unit suggests that most procedures by
the Hand Fellows now take under 140 minutes as not
only the surgeons but the theatre staff have become
familiar with system. Procedures by experienced mem-
bers of our unit routinely take less than 120minutes.
The significant delay between the injury and fixation of
the fractures may also have played a part in the long
operative durations. Four of the fractures were more
than 4 weeks postinjury. At this stage, the soft tissue is
indurated and reduction difficult as excision of fibrous
tissue and early callus was required. Also, as the
fractures had often displaced within the plaster, there
was always significant shortening, particularly of the
radial column. As brachioradialis is a major deforming
force on the radial styloid it must always be released to
allow reduction (Medoff and Kopylov, 1998). Whether
the long delay prior to surgery affected our outcome is
unknown.

There were three major complications in our series.
One patient with gross comminution developed what
appeared to be avascular necrosis of part of the ulnar
column. We have been unable to differentiate between
the contributions of the soft tissue injury itself and the
surgical intervention in causing this, but it remains
the only single case in which we have seen this occur.
The DRUJ instability was missed at the time of surgery,
despite reduction of the sigmoid notch of the radius. The
single case of CRPS Type 1 had a poor functional and
subjective outcome. There is an appreciable incidence of
CRPS described in the treatment of these fractures
(Musgrave and Idler, 2005; Margaliot et al, 2005) and
we feel that one case in 22 C2/C3 fractures is a relatively
low incidence of this complication. We do not feel that
changing to another form of fixation would allow us to
avoid this complication in all patients.

One of the major issues with open reduction and
internal fixation, particularly if dorsal plates are used, is
irritation of the extensor tendons. Although two
patients required removal of metalwork, none of them
were for synovitis or tendon attrition and rupture,
despite all patients having had some dorsal implants. In
one series of volar and dorsal plating there were two
tendon ruptures and 21 of 25 plates were removed (Ring
et al., 2004). In another study, a randomised prospective

EARLY EXPERIENCE WITH THE TRIMED FRAGMENT-SPECIFIC FRA
trial comparing dorsal plating to external fixation and
percutaneous fixation (Grewal et al., 2005), the rando-
misation was stopped early because of a 72.4%
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complication rate in the dorsal plating group, with five
cases of tendonitis and eight of 17 patients requiring
removal of the plate. The implants used from the
TriMed system are low profile and do not appear to
cause the same problems as dorsal plating. We note that,
in both this and another series (Konrath and Bahler,
2002), removal of the implants was necessary when
either pin plate or wires affected forearm rotation by
being too close to the DRUJ.

Overall we have found our results obtained from
internal fixation of intraarticular distal radius fractures
to be satisfactory. The fragment-specific nature of the
implants in the TriMed system allows the surgeon to
reduce and maintain an accurate reduction of these
fractures with stabilisation of all major fragments until
bony union. The system is unlike other fixation methods
and, as a result, there is a definite learning curve that the
surgical team must go through in order to familiarise
themselves with it. Nonetheless, we have shown that,

URE FIXATION SYSTEM 57
obtained.

References

Campbell DA (2000). Open reduction and internal fixation of intra
articular and unstable fractures of the distal radius using the AO
distal radius plate. Journal of Hand Surgery, 25B: 528–534.

Dodds SD, Cornelissen S, Jossan J, Wolfe SW (2002). A biomecha-
nical comparison of fragment-specific internal fixation and
augmented external fixation for intraarticular distal radius
fractures. Journal of Hand Surgery, 27A: 953–964.

Fernandez DL (2000). Should anatomic reduction be pursued in distal
radial fractures? Journal of Hand Surgery, 25B: 523–527.

Fernandez DL, Wolfe SW. Distal radius fractures. In: Green DP,
Hotchkiss RN, Pederson WC, Wolfe SW (Eds) Green’s operative
hand surgery. Philadelphia, Churchill Livingstone, 2005: 645–710.

Gliatis JD, Plessas J, Davis TRC (2000). Outcome of distal radius
fractures in young adults. Journal of Hand Surgery, 25B: 535–543.

Grewal R, Wilmink M, Stothers K (2005). A randomized prospective
study on the treatment of intraarticular distal radius fractures:
open reduction and internal fixation with dorsal plating versus mini
open reduction, percutaneous fixation, and external fixation.
Journal of Hand Surgery, 30A: 764–772.

Knirk JL, Jupiter JB (1986). Intraarticular fractures of the distal end of
the radius in young adults. Journal of Bone and Joint Surgery,
68A: 647–659.

Konrath GA, Bahler S (2002). Open reduction and internal fixation of
unstable distal radius fractures: results using the TriMed fixation
system. Journal of Orthopaedic Trauma, 16: 578–585.

Kopylov P, Johnell O, Redlund-Johnell I, Bengner U (1993). Fractures
of the distal end of the radius in young adults: a 30 year follow-up.
Journal of Hand Surgery, 18B: 45–49.

Krishnan J, Wigg AER, Walker RW, Slavotinek J (2003). Intraarti-
cular fractures of the distal radius: a prospective randomised
controlled trial comparing static bridging and dynamic non-
bridging external fixation. Journal of Hand Surgery, 28B: 417–421.

Leslie BM, Medoff RJ (2000). Fracture specific fixation of the distal
radius. Techniques in Orthopaedics, 15: 336–352.

MacDermid JC, Turgeon T, Richards RS, Beadle M, Roth JH (1998).
Patient rating of wrist pain: a reliable and valid measurement tool.

Journal of Orthopaedic Trauma, 12: 577–586.

Margaliot Z, Haase SC, Kotsis SV, Kim HM, Chung KC (2005). A
meta-analysis of outcomes of external fixation versus plate

 at UQ Library on June 14, 2010 

http://jhs.sagepub.com


osteosynthesis for unstable distal radius fractures. Journal of Hand
Surgery, 30A: 1185–1199.

Medoff RJ, Kopylov P (1998). Immediate internal fixation and motion
of comminuted distal radius fractures using a fragment specific
fixation system. Orthopaedic Transactions, 22: 165.

Musgrave DS, Idler RS (2005). Volar fixation of dorsally displaced
distal radius fractures using the 2.4mm locking compression plates.
Journal of Hand Surgery, 30A: 743–749.

Müller ME, Nazarian S, Koch P, Shatzker J. Comprehensive
classification of fractures of long bones, Berlin, Springer, 1990.

58
radius. Journal of Bone and Joint Surgery, 86A: 1646–1652.

http://jhs.sagepub.comDownloaded from 
Trumble TE, Schmitt SR, Vedder NB (1993). Factors affecting
functional outcome of displaced intraarticular distal radius
fractures. Journal of Hand Surgery, 19A: 325–340.

Received: 13 August 2006
Accepted after revision: 15 July 2007
Dr M. Ross, Brisbane Hand and Upper Limb Clinic, Level 9/259 Wickham Terrace, Spring
Hill, Brisbane, QLD 4000, Australia. Tel.: +61 7 3834 6592; fax: +61 7 3834 6593.
E-mail: mross@upperlimb.com

THE JOURNAL OF HAND SURGERY VOL. 33E No. 1 FEBRUARY 2008
Ring D, Prommersberger K, Jupiter JB (2004). Combined dorsal and
r 2008 The British Society for Surgery of the Hand. Published by SAGE. All rights reserved.

doi:10.1177/1753193407087887 available online at http://jhs.sagepub.com
volar plate fixation of complex fractures of the distal part of the
 at UQ Library on June 14, 2010 

mailto:mross@upperlimb.com
dx.doi.org/10.1177/1753193408087887.3d
http://www.sciencedirect.com
http://jhs.sagepub.com

	Early experience with the trimed fragment-specific fracture fixation system in intraarticular distal radius fractures
	Patients and methods
	Operative technique

	Results
	Discussion
	References


