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The results of treatment of wrist fractures with per-
cutaneous pin fixation in 106 patients are reported.
Functional and radiological evaluation was made for
all patients. All fractures healed ; loss of reduction
occurred in only two cases. The best results were
obtained in metaphyseal fractures of the radius,
while good results were obtained in intra-articular
fractures ; the worst results were noted in cases with
an associated fracture of the ulnar styloid, in elderly
patients, or in cases with associated fractures in
other parts of the skeleton. When the volar tilt has
been restored to more than 10 degrees higher than
normal, loss of wrist motion may occur. No vascular,
nervous or tendinous lesion was noted. A nerve
entrapment syndrome at the wrist occurred in a fair-
ly high percentage of cases (14.1%).
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INTRODUCTION

The treatment of wrist fractures is a debated
topic. Literature on the subject fails to classify
them in a logical manner. Objective evaluation of
wrist fracture treatment may highlight poor results
in 30% of cases, but the percentage swings within
a wide range in reported series. Altissimi et al (1)

demonstrated that 32% of 297 patients with wrist
fractures showed unsatisfactory clinical results.
Knirk and Jupiter (14) could demonstrate arthritis in
65% of young adults in a long-term radiological
follow-up , and clinical symptoms in 93% of cases. 

We use various techniques for wrist fractures,
including closed reduction and cast immobilisa-
tion, internal fixation, external fixation and percu-
taneous pin fixation : the choice depends on sever-
al factors including fracture type, bone stock, asso-
ciated lesions, age of the patient and surgeon’s
experience.

As already stated by other authors (4, 10, 20, 23),
we believe percutaneous fixation of wrist fractures
to be a fundamental method of treatment. The aim
of this study was to assess the limits and potentials
of such a procedure, through evaluation of our
cases. The questions are : is it possible to achieve
good results by closed reduction and percutaneous
fixation ? In which cases is it be advisable to use
other procedures ? Is percutaneous pin fixation suf-
ficiently stable ? What complications can arise with
this technique ?
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MATERIALS ANDMETHODS 

When treating wrist fractures we may choose one of
several techniques suggested in Fernandez’s algo-
rithm (8). The stability of the reduction is the central ele-
ment in orthopaedic treatment, and according to
Lafontaine et al (15), signs of possible instability after
wrist fracture reduction are : 20° dorsal angulation, 5-
mm shortening of the radius, comminution, intra-articu-
lar fracture line, combined fracture of the ulna, age over
60 years .

If a surgical procedure has been chosen, percutaneous
fixation is preferred for fractures which can be reduced
by closed manipulation ; otherwise ORIF or external fix-
ation is appropriate.

Several percutaneous techniques have been suggested
over the years, but we believe the choice of a technique
should be guided by the following criteria :

1. achieving fracture stability,
2. minimising Kirschner wire injuries to nerves, vessels

and tendons, pin migration and rupture, pressure
lesions by Kirschner wires and cast,

3. avoiding any damage to the articular surface of the
radius.

The Crenshaw technique (6), carefully reviewed by
Mah and Atkinson (16), satisfies all these criteria. It is
based on stabilisation of wrist fractures by two parallel
K-wires, inserted from the apex of the styloid process of
the radius, towards the medial cortex of the radius prox-
imal to the fracture.

The technique is usually applied under brachial
plexus block, and reduction of the fracture is then
attempted by manual traction, aiming to restore the nor-
mal radial and volar tilt of the distal radial epiphysis. 

Fingertrap traction is not used ; the patient’s forearm
is maintained parallel to the floor, manipulation of the
fracture is then performed, with flexion of the elbow at
90 degrees.

The quality of the reduction is then checked with flu-
oroscopy in A-P and lateral projections, by rotating the
C- arm around the wrist while the patient’s hand is held
steadily.

Osteosynthesis is then performed with two 1.2 or
1.5 mm diameter K-wires.

The K-wires should be introduced at the styloid
process of the radius, holding the drill parallel to the
ground, while the K-wire is held at 45° angle to the lon-
gitudinal axis of the radius. When the angle between the
K-wires and the axis of the radius at the styloid process
is less than 45°, piercing the medial cortex of the radius

above the fracture often becomes impossible, as the K-
wire slides into the medullary cavity, which will result in
decreased stability.

Metaphyseal fractures of the radius are more stable
when two parallel K-wires connect four opposite points
on the radius cortex ; in fractures with a punch-frag-
ment, a K-wire is inserted transversely, after reduction
of the fracture, as described by Fernandez and Geissler
(fig 1) (7). Reduction of the punch fragment is often very
difficult (3, 12, 17, 18, 21, 22, 25). An attempt to reduce it can
be made with a percutaneous K-wire used as a lever,
pushing the fragment upwards. Very rarely a dorsal
access between the 4th and 5th extensor compartments is
required. When a satisfactory reduction of the fragment
is not achieved in this way, open reduction and plate fix-
ation is necessary. 

At the end of surgery the K-wires are bent and cut
away from the skin, so as to avoid pressure lesions, and
for the same reason a cast is made with slight ulnar devi-
ation of the wrist. In patients below 60 years of age who
do not have comminuted fractures, a below-elbow cast
may be sufficient if the bones are considered sufficient-
ly strong by the surgeon at the time of introduction of
the K-wires.

If the above requirements are not fulfilled, the cast
should also immobilise the elbow.

A total of 160 wrist fractures were treated with this
method in the Orthopaedic Department of Pisa
University Hospital from 1994 to 2003. We were able to
review 106 wrist fractures out of the total number of 160
(35 males and 71 females). The average age of the
patients at the time of injury was 51.7 years (range : 7 to
81) and the average follow-up period was 56.7 months
(range : 12 to 108 months). The rest of the patients had
died, had moved or were living far away from our hos-
pital. Sixty-four of the 106 wrist fractures were caused
by accidental falls, 27 by road traffic accidents and
15 were sports injuries. The wrist fracture was open in
4 cases : in 6 cases, it was associated with a
transtrochanteric fracture of the femur, in 2 cases with a
forearm fracture, and in 2 cases with a carpal scaphoid
fracture. Six cases were multiple injuries, and one case
was associated with a fracture of the scapula. The frac-
ture was bilateral in two cases, but only one side was
taken into account, while the contralateral fracture was
treated by percutaneous internal fixation combined with
external fixation. 

The fractures were classified according to the
Frykman classification (9). Eleven were classified as
Frykman type 1, 15 as type 2, 16 as type 3, 17 as type 4,
10 as type 5, 10 as type 6, 13 as type 7, and 14 as type 8.
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Clinical results were evaluated in the follow-up peri-
od according to Cooney’s modification of the Green and
O’Brien scheme (5, 11) (table I).

Possible complications were looked for, such as
entrapment neuropathies, vascular or nerve injuries due
to the use of the K-wires, pain and/or swelling of the dis-
tal radioulnar joint or other symptoms suggesting a
lesion of the triangular fibrous cartilage, functional
impairment of the shoulder and elbow. 

A static and dynamic radiological evaluation was car-
ried out for every patient, including measurement of
radial tilt, volar tilt, ulnar variance and radial translation
(fig 2), before surgery, during the post-operative radio-
logical check, after K-wire removal, and during follow-
up.

Static predictive signs of fracture instability were
searched for in every patient by means of a radiological
check (scapholunate instability, lunotriquetral instabili-
ty, DISI and VISI). In every patient a dynamic evaluation
was performed using the image intensifier : test of radi-
al deviation, ulnar deviation, closing the fist under
strength, and ulnar translocation of the carpus.

RESULTS

According to Cooney’s modification of Green
and O’Brien’s score for clinical outcome we had
57 excellent results (53.7%), 28 good results
(26.5%), 12 fair results (11.3%) and 9 poor results
(8.5%).

Results obtained with different types of fractures
are reported in table II.

Type 1 and type 2 fractures scored highest in
Cooney’s modification of Green and O’Brien’s
scheme (fig 3), with only one poor result out of
26 patients (19 excellent results and 6 good results). 

This score decreased in type 3 and 4 fractures
(5 fair results out of 33), and further decreased in
type 5 and 6 fractures (3 fair or poor results out of
20 fractures), reaching the worst score in type 7 and
type 8 fractures (4 fair or poor results out of
27 fractures). It is interesting that for type 3 and 4
or type 7 and 8 (with similar numbers of cases), the
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Fig. 1. — a) Osteosynthesis according to Crenshaw/Mah, with two Kirschner wires piercing the styloid process of the radius and,
proximally, the metaphyseal cortex at the ulnar side of the radius ; b) Percutaneous pinning according to Fernandez with a second
transversal Kirschner wire stabilising a die punch fragment.

a b
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percentage of fair and poor results increases when
fracture of the ulnar styloid is present.

Within the fractures with poor and fair results
(21 cases out of 106), 8 fractures were Frykman
type 8, and 5 were Frykman type 4. On the other
hand, no Frykman type 1 fractures were observed
within these two groups. 

An analysis of these 21 poor and fair results
shows that 10 were open fractures or were associ-
ated with other bone fractures, which interfered
with rehabilitation after removal of the cast.

Among these fractures, five were considered as
poor results despite an acceptable final evaluation
score : in three cases because of their low evalua-
tion score, and in the other two because secondary
fracture reduction was necessary. 

Age also appeared as an important factor for
prognosis : young patients in fact showed good and
excellent results even for intrarticular fractures
(fig 4) ; the best results were obtained in Frykman
type 1 fractures and in all cases without involve-
ment of the ulna.

The best results were achieved in younger
patients, as suggested by the fact that clinical
results were similar in all age groups below 30
years and progressively worsened between 30 and
50 years of age (table III).
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Table II. — Results obtained in the different groups of
fractures according to Frykman’s classification 

Type Number Excellent Good Fair Poor
of cases

1. 11 9 (81.8%) 2 (18.2%) / /
2. 15 10 (66.6%) 4 (26.6%) / 1 (6.8%)
3. 16 8 (50%) 7 (43.7%) 1 (6.3%) /
4. 17 5 (29.4%) 7 (41.2%) 4 (23.5%) 1 (5.9%)
5. 10 4 (40%) 4 (40%) 1 (10%) 1 (10%)
6. 10 6 (60%) 1 (10%) 2 (20%) 1 (10%)
7. 13 10 (76.9%) 2 (15.4%) / 1 (7.7%)
8. 14 5 (35.7%) 1 (7.1%) 4 (28.6%) 4 (28.6%)

Fig. 2a, b. — Radiological indices assessed for this study
1. Radial tilt
2. Ulnar variance
3. Radial translation
4. Volar tilt

Table I. — Clinical scoring system of Green and O’Brien
modified by Cooney

Score Findings
(points)

Pain 25 none
20 mild, occasional 
15 moderate, tolerable
0 severe or intolerable

Functional status 25 returned to regular employ-
ment

20 restricted employment
15 able to work but unemployed
0 unable to work because of

pain

Range of motion 25 full
15 75-99% of normal
10 50-74% of normal
5 25-49% of normal
0 less than 25% of normal

or evaluating dorsiflexion-palmar flexion
arc of injured hand

25 120° or more
15 91-119°
10 61-90°
5 31-60°
0 30° or less

Grip strength 25 normal
15 75-99% of normal
10 50-74% of normal
5 25-49% of normal
0 0-24% of normal

Final result Excellent 90-100
Good 80-89
Fair 65-79
Poor < 65

a b
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Fig. 3. — TS, 57-year-old white male : a, b) type 2 wrist fracture according to Frykman ; c, d) percutaneous pinning according to
Crenshaw/Mah was performed, healing was achieved 5 weeks later ; e, f) Radiograph 1 year later, with adequate restoration of all
radiologic indices ; g, h) excellent functional result.
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Fig. 4. — DGS, 28-year-old white female : a, b) Frykman’s type 3 fracture at the wrist ; c, d) intraoperative radiographs ; e, f) radio-
graph one year later ; g, h) excellent functional result.
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Radiological healing of the fractures was noted
after an average of 40.9 days (range ; 30 to
70 days) ; the average time was shorter in type 2
fractures (average of 37.6 days), and longer in com-
minuted type 7 and type 8 fractures (45 and
46.5 days).

K-wires remained well fixed until fracture heal-
ing in 71.6% of cases, radiological indices at final
follow-up did not exhibit any change beyond 5°
when the follow-up films were compared with the
postoperative films after removal of the cast. A 5°
difference may be due to different x-ray projec-
tions. The remaining 28.4% of the fractures
showed a loss of reduction between 5 and
10 degrees for volar tilt, despite a satisfactory clin-
ical result. Unacceptable loss of reduction occurred
in only 1.8% of cases, making further surgery nec-
essary. Migration of the K-wires was not noted, nor
was there any fragmentation of the bone during K-
wire insertion. There were no deep infections, and
only two cases with superficial infection which
resolved after removal of the K-wires and antibiot-
ic therapy (Cephalosporin p.o for a few days). 

Good radial tilt, radial translation and ulnar vari-
ance were achieved in all cases, even for Frykman
type 7 and 8 fractures. However, the volar tilt was
not always restored (the best results were obtained
in type 1 and 3 fractures, and the worst results in
type 6 and 8).

Wrist instability was observed in 12 cases
(11.3%), mainly scapholunate, and was only visi-
ble upon dynamic testing.

VISI was observed in two cases and DISI in one
case.

Pain at the distal radioulnar joint or symptoms
due to injuries of the triangular fibrocartilage com-
plex were evident in 6 cases (5.6%), in patients

with combined fractures of the radius and ulna
(23.5% of Frykman type 4 fractures).

In 15 cases (14.1%) a median nerve or an ulnar
nerve compression syndrome at the wrist devel-
oped, especially in type 8 and type 4 fractures
(33.3% of the total number of type 8 fractures and
29.4% of type 4 fractures ). Thirteen cases out of 15
were females over 50 years of age, while only two
cases were males between 30 and 40. Irritation of
the 2nd sensitive branch of the radial nerve was only
seen in one case and promptly resolved after
removal of the cast after 3 weeks. 

Pain or functional limitation of the elbow was
not observed, 6 cases showed symptoms of sub-
acromial impingement which could not simply be
explained by immobilisation due to the cast.

Reflex sympathetic dystrophy developed in
4 cases : two of them were patients who underwent
two consecutive reductions and pinnings, and were
subsequently treated with prolonged immobilisation.

DISCUSSION

The best results were obtained in this series in
Frykman type 1 fractures of the radius metaphysis,
particularly with no involvement of the ulna.

Good results were usually obtained in younger
patients, while clinical results progressively wors-
ened with increasing age over 50 years. 

Prognostic evaluation based solely on anato-
mopathologic grounds appears difficult, as results
also depend on other important factors such as age,
metabolic bone condition, association with other
injuries locally or in other parts of the body, timing
of surgery, quality of rehabilitation and patient’s
efforts towards rehabilitation, and the occurrence
of unpredictable complications such as reflex
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Table III. — Results versus age of patients

Age Number Excellent Good Fair Poor
of cases

7-30 yrs 22 21 (95.5%) 1 (4.5%) / /
31-50 yrs 17 10 (58.8%) 6 (35.3%) 1 (5.9%) /
51-60 yrs 24 10 (41.7%) 9 (37.5%) 3 (12.5%) 2 (8.3%)
61-70 yrs 23 8 (34.8%) 8 (34.8%) 4 (17.4%) 3 (13%)
> 70 yrs 20 8 (40%) 4 (20%) 4 (20%) 4 (20%)
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sympathetic dystrophy and subsequent joint stiff-
ness. It also appears that a greater number of frag-
ments or a larger involvement of the articular sur-
face make prognosis worse, as pointed out by
Trumble et al (26).

Restoration of radial tilt, ulnar variance and radi-
al translation are usually easy to achieve, while
major difficulties are encountered in restoration of
the volar tilt. Bartosh and Saldana (2) demonstrated
that during normal reduction, the radiocarpal pal-
mar ligaments (thicker and stronger than the dorsal
ligaments), are stretched during traction, whereas
tension is lost during flexion. At the same time it is
worth remembering that a 0° volar tilt does not
impair the range of motion of the wrist and hand,
because it is compensated for by the midcarpal
joint.

On the contrary, if the volar tilt is more than 10°
above normal, biomechanical changes follow,
which affect strength and mobility of the joint.

All this is fully confirmed by our study, from
which it appears that a 0° volar tilt does not cause
any problem.

On the other hand, 12 out of 23 patients with a
final volar tilt increased more than 10° showed fair
or poor results.

Reduction of the punch fragment is often diffi-
cult, with a 50% success rate or more when a dor-
sal miniopen approach is performed, as suggested
by Fernandez and Jupiter (8). A punch fragment
should always be stabilised by a transverse
Kirschner wire. If stabilisation of the fragment is
not fully achieved by this method, open reduction
should be performed. 

Fracture fixation was stable in the majority of
our cases ; secondary displacement occurred in
only two cases. A good bone stability was achieved
with two 1.5 mm Kirschner wires, as also noted by
other authors (19). A good quality bone is necessary
if the elbow is to be left free, otherwise the K-wires
cannot oppose the traction by the brachioradialis
muscle and subsequent displacement may occur. In
our experience, patients never developed stiffness
of the elbow after being immobilised in an above-
elbow cast.

Stiffness of the shoulder noted in some patients
was probably due to preexisting subacromial

impingement. Loss of reduction, as mentioned
above, occurred in two patients : an elderly female
with advanced osteoporosis who was treated with a
below-elbow cast after osteosynthesis, and a 50-
year-old male with progressive displacement of the
fracture after removal of the Kirschner wires,
40 days after surgery. 

As previously noted by other authors, we
observed an increasing number of poor results and
wrist instabilities when fracture of the ulnar bone
was also present. Symptoms from fibrous triangu-
lar cartilage tears are more often observed in
Frykman type 4 lesions (23.5% of the cases), while
this was not seen in Frykman type 1, 3, 5, and
7 lesions. Only two out of 7 patients with pain at
the distal radioulnar joint wished to undergo further
surgery. The 12 patients with wrist instability after
fracture did not have any functional impairment.
Nine of them had dynamic instability : none of
these patients felt the need for a new operation to
deal with this problem, in contrast with current lit-
erature. We believe that percutaneous K-wire fixa-
tion does not cause iatrogenic nerve or tendon
lesions, contrary to what is reported by some
authors. The reported incidence of nerve injuries
ranges from 0.2 % to 79% (13, 27) in literature, but
in our study no such lesions were observed, proba-
bly due to the site of introduction of the Kirschner
wires at the radial styloid process, avoiding the
nerves and the radial artery (24).
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