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ABSTRACT

BACKGROUND: The aim of the study was to investigate whether the number and position of Kirschner (K)-wires, and the man-
ner and duration of immobilization influence radiologic and functional outcomes of distal radius fractures treated with percutaneous
K-wire fixation.

METHODS: Ninety-two patients were included into the study with a mean follow-up period of 19.84+5.22 months (range, |13-34
months). In Group |, forty-five patients were treated with 3 K-wires and supported with a volar semi-circular cast for the first 3 weeks
followed by a removable splint for a further 3 weeks. In Group I, forty-seven patients were treated with 2 K-wires and supported with
a below-elbow circular cast for 6 weeks postoperatively.

RESULTS: No significant difference in grip strength and DASH scores was found between the two groups. In clinical examination,
significantly better functional results were determined in patients supported with a removable volar splint. At 6 weeks postoperatively,
volar tilt, radial inclination, and radial length were significantly better in Group | compared to Group Il (all p values).

CONCLUSION: Tripod technique with 3 K-wires is a safe and reliable procedure to achieve stability and good radiological results.

The use of a removable splint also improves the functional outcomes in the treatment of both intra- and extra-articular distal radius
fractures.
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maintaining that reduction with appropriate methods of im-
mobilization. In addition, immobilization for a short period
and achieving good functional results are the main goals of

INTRODUCTION

Fractures of the distal radius are the most common of all

orthopedic injuries accounting for nearly 20% of all fractures
presenting in the Emergency Department.!'l First treatment
principles involve obtaining an anatomic reduction and then
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management.l? Various techniques defined for the fixation of
unstable distal radius fractures include open reduction and in-
ternal fixation, percutaneous pinning and plaster casting, ex-
ternal fixation, and combinations of all these.! However, the
optimal management method has not yet been established.[>4]

Despite the development of different fixation devices for dis-
tal radius fractures, Kirschner (K) -wire fixation still plays an
important role in the treatment of both stable and unstable
fractures of the distal radius. K-wire fixation meets the cri-
teria of biological osteosynthesis as a less invasive procedure
that prevents soft-tissue damage.®! Additionally, fixation of
K-wires allows a shorter operation time, ease of hardware
removal, excellent cosmetic outcomes, and early motion af-
ter removal.
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However, uncertainty remains about the indications for per-
cutaneous pinning, the best technique to employ, and the ex-
tent and duration of immobilization./ There are few studies in
the literature comparing radiologic and functional outcomes
of various K-wire techniques. The present study aimed to
compare radiologic and functional outcomes of two different
K-wire fixation methods and immobilization techniques of
extra- and intra-articular fractures of the distal radius.

MATERIALS AND METHODS

The institutional review board approved the chart review for
this study, and informed consent was obtained from all pa-
tients. Between January 201 | and January 2013, a total of two
hundred and four patients were treated for a displaced distal
radius fracture in our department. Of these, one hundred and
twelve patients were treated with K-wire fixation. The inclu-
sion criteria were acute presentation within 24 hours of the
injury and dorsally angulated unstable closed fractures of the
distal radius in skeletally mature patients suitable for treat-
ment with percutaneous K-wire fixation. Twenty patients
excluded from the study included two that had previously
sustained a distal radius fracture, six that had a high energy
trauma, four that had bilateral fractures, three that died, and
five that went to another hospital for further treatment. Ex-
clusion criteria were open fractures, previously sustained dis-
tal radius fracture, high energy trauma, bilateral fractures, and
loss to follow-up. Thus, the study was completed with ninety-
two of the one hundred and twelve treated patients. These
patients, who underwent full assessment, were allocated to
one of the two main groups depending on the number of K-
wires used for fixation. In Group |, 3 K-wires and in Group
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Il, 2 K-wires were used. The manner of postoperative immo-
bilization, and the number of K-wires used depended on the
preferences of the surgeons (author 1-CG, author 2-OFO).
The mode of trauma in all patients was a simple fall onto the
outstretched hand. All fractures were extra-articular (23-A
type) or intra-articular (23-C type) as classified by the AO
classification. The demographic data of the patients is pre-
sented in Table .

In both groups, the patients were scheduled for operative
treatment within 48 hours of injury. All operations were per-
formed under general anesthesia with a prophylactic | g dose
of intravenous antibiotics. With the patient in supine position
on a radiolucent arm table, closed reduction was performed
under fluoroscopic control in both groups by maintaining
traction and counter-traction and correcting the components
of the deformity. Two or three smooth K-wires, 1.8-2.0 mm
in diameter, were inserted through small stab incisions. In
Group |, the first K-wire was inserted through the styloid
process of the radius and the other through the dorso-ulnar
border of the distal fragment with both wires engaging the
opposite cortex. The third one was placed through the distal
dorsal of the radius to the volar opposite cortex (Figs. la-c).
In Group Il, the first and second K-wires were inserted as in
Group | (Figs. 2a-c)

The wires were protected with gauze. In both groups, the
wires were bent outside the skin to avoid migration, and
were cut to facilitate removal at six weeks postoperatively
in the out-patient clinic. In both groups, active finger, elbow
and shoulder mobilization exercises were started within the
limits of comfort the day after surgery. A below-the-elbow

Table I. Desciption of patients data
Group | (3 K-wire) Group Il (2 K-wire) Total

Sex

Male 9 (20%) 10 (21.3%) 19 (20.7%)

Female 36 (80%) 37 (78.7%) 73 (79.3%)
Age 62.22+12.47 (range:41-87) 65.43+12.02 (range:41-89) 63.86+12.28 (range:41-89)
Side

Right 35 (77.8%) 39 (83%) 74 (80.4%)

Left 10 (22.2%) 8 (17%) 18 (19.6%)

Operation delay (day)

Follow-up mean (month)

1.36+0.48 (range:|-2)
21.40+5.89 (range:13-34)

1.23+0.42 (range:1-2)
18.34+4.01 (range:13-31)

1.29+0.45 (range:|-2)
19.84+5.22 (range:|3-34)

Fracture type/AO
23-A2 12 (26.7%) 13 (27.7%) 25 (27.2%)
23-A3 13 (28.9%) 12 (25.5%) 25 (27.2%)
23-Cl 7 (15.6%) Il (23.4%) 18 (19.6%)
23-C2 8 (17.8%) 6 (12.8%) 14 (15.2%)
23-C3 5(11.1%) 5 (10.6%) 10 (10.9%)
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Figure 1. (a) Antero-posterior and lateral radiographs of a distal radius fracture in a 62-year-old male. (b) Tripod technique with 3- K wires

immediately postoperative. The fracture is supported via a semi-circular volar cast in the same patient. (c) X-rays at six weeks show the
healed fracture without loss of reduction. A satisfactory outcome was achieved.

Figure 2. (a) Antero-posterior and lateral radiographs of a distal radius fracture in a 73-year-old female. (b) Fixation with 2- K wires im-
mediately postoperative. The fracture is supported via a below-the-elbow circular cast in the same patient. (¢) Antero-posterior and lateral

radiographs of the same patient at six weeks postoperatively.

semi-circular cast (in neutral position) was used for three
weeks after the surgery, and then, a removable volar splint
allowing mobilization several times a day was applied for a
further three weeks. In Group Il, a well- molded below-the-
elbow circular cast (in neutral position) was applied.

Physiotherapy after cast/splint removal was carried out rou-
tinely in both groups. Moreover, excessively tiring activity was
forbidden for one month after the removal of the K-wires.
Patients in the circular cast group (Group Il) were discharged
the day after surgery with confirmed good distal circulation
of the fingers. Follow-up of the patients was performed at 2,
4 and 6 weeks and at 3, 6 and 12 months after the procedure.

Radiographic and functional outcomes of all patients were as-
sessed by one blinded physician who was not involved in the
initial surgical treatment. The active range of motion (ROM)
of the wrist including flexion, extension, pronation, supina-
tion, radial deviation, and ulnar deviation was measured us-
ing a standardized goniometer at six weeks and at one year
postoperatively. Grip strength was measured using a Jamar
dynamometer (Jamar, Preston, USA). The average Disabilities
of the Arm, Shoulder, and Hand (DASH) scores! and Grip
strength were assessed in both groups at the |-year follow-up.

The radiographic study including volar tilt, radial length, and
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radial inclination was based on antero-posterior and lateral
wrist radiographs taken on postoperative day one and at six
weeks after K-wire removal, which was interpreted as the
final result. The measurements were performed on the first
postoperative day and at pin removal to assess any loss of
reduction.

Statistical analyses were performed using SPSS (Version 13.0;
SPSS Inc, Chicago, IL). Radiographic results (for independent
variables) were analyzed between the two groups using the
independent t-test. Functional parameters (for dependent
variables) were analyzed using the paired sample t-test. Pow-
er analyses were also calculated using PS program by William
D. Dupont and Walton D. Plummer (version 3.0.43). Statisti-
cal significance was set at p<0.05.

RESULTS

Both groups were similar in terms of age, gender, follow-up,
fracture type distribution, injury mechanism, injury-surgery
interval, fracture patterns, and injured side. There was no
significant difference in the demographics of each group
(p>0.05) (Table I). Surgical procedure was performed after
the first day of the injury in sixty-five (71%) patients. Opera-
tion was delayed in twenty-seven (29%) patients for anesthet-
ic reasons. There were no problems in reduction and fixation
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Table 2. Radiographic outcomes between two groups
Group | Group Il p
MeanSD MeantSD
Radial inclination (°)
Immediate after surgery 22.78+1.71 21.72+1.80 <0.01
At 6 weeks postoperatively 21.18%1.69 20.17%1.98 <0.01
Loss of radial inclination 1.60£0.91 1.55£0.95 >0.05
Radial length (mm)
Immediate after surgery 13.33£1.33 13.21£1.53 >0.05
At 6 weeks postoperatively 11.93+1.62 10.89+1.68 <0.01
Loss of radial length 1.40+0.98 2.32+1.18 <0.001
Volar tilt (°)
Immediate after surgery 12.29£1.25 11.32+1.38 <0.001
At 6 weeks postoperatively 13.04£1.31 12.66+1.44 <0.01
Loss of volar tilt 0.760.90 1.34+1.10 <0.01

in any patients, and there was no need to change the tech-
nique in any case. No loss of reduction was observed during
the treatment period. By 6 weeks, progression of fracture
healing was demonstrated by clinical and radiologic examina-
tion. No patient had any tendon rupture, vessel injury, radial
sensory branch injury, median nerve compression or Sudeck’s
atrophy. One superficial pin track infection healed within one
week with local pin care without administering antibiotics in
Group |. All patients could be followed-up.

The alignment at the time of reduction was anatomical in both
groups. Radiographic measurements of both groups in the
early postoperative period and at six weeks postoperatively
are presented in Table 2. The mean radial length, immediately
after surgery, was the same in both groups with no statisti-
cally significant difference. Mean radial inclination and mean
volar tilt immediately after surgery were higher in Group |
than in Group Il (22.78°+1.71°/ 21.72°+1.80°, 12.29°%1.25°/
11.32°£1.38° respectively). These were statistically significant
(p<0.01, p<0.001; power>0.70, power>0.80, respectively). At
six weeks postoperatively, volar tilt, radial inclination, and ra-
dial length were significantly better in Group | compared to
Group Il. At six weeks, radial length was less in Group Il than
in Group | (p<0.0l, power>0.80). The mean loss in radial
length at six weeks was higher and statistically significant in
Group Il compared to Group | (p<0.001, power>0.80). Radial
inclination was higher in Group | than in Group Il (p<0.01,
power>0.70) at six weeks postoperatively. There were no dif-
ferences in loss of radial inclination between the two groups.
Immediately after surgery, the mean volar tilt in Group | was
higher than in Group Il (p<0.001, power>0.80). At six weeks,
the mean volar tilt was increased in Group Il (p<0.01). There
was a statistically significant difference in loss of volar tilt in
Group Il (p<0.01, power>0.70).
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Mean active ROM at six weeks postoperatively and at the
final follow-up, and mean increases between the two time
intervals for both groups are shown in Table 3. Clinical exami-
nation of ROM in the injured wrist at six weeks after surgery
showed significantly better flexion, extension, ulnar deviation,
supination, and pronation (all p values <0.001, power>0.80)
in Group | than in Group Il. Only radial deviation was statisti-
cally insignificant (p=0.17). ROM parameters, except for radial
deviation at the final follow-up, were better in Group | com-
pared to Group Il (all p values <0.001, power>0.80). How-
ever, there was no difference in radial deviation between the
two groups (p=0.23). Mean increase in ulnar deviation at the
final follow-up was higher in Group | (p<0.05, power>0.70),
but mean increases for other parameters between the two
groups were not statistically significant (p>0.05). In clinical
examination, significantly better functional results were de-
termined in patients treated with 3 K-wires. DASH scores
and Grip strength measurements were minimally higher in
Group | at the |-year follow-up, but there was no statistically
significant difference (Table 3).

DISCUSSION

Distal radius fractures are common clinical problems which
are generally treated conservatively. If this is not possible,
then surgical fixation is required.”] Percutaneous pinning
with K-wires was first recommended by Green as a simple
and inexpensive procedure to provide additional stability.
8 Treatment with a plaster cast and percutaneous wires is
considered common practice and can achieve a good func-
tional outcome for specific and properly assessed fractures.[”
Many pinning variations have been described in the literature.
[101L12131 However, cross-pin fixation is advocated the most
effective method for excellent stability of all major fragments.
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Table 3. Results of clinical examination, DASH score and Grip strength’s of both groups

Group | Group Il p
MeantSD MeantSD
Flexion (°)
At 6 weeks postoperative 70.444.16 65.09+5.37 <0.001
At | year 74.29+3.96 69.64+6.22 <0.001
Mean increase 3.841+2.44 4.55+3.17 =0.23
Extension (°)
At 6 weeks postoperative 65.49+3.74 60.64+4.91 <0.001
At | year 68.60+3.84 63.40+£5.53 <0.001
Mean increase 3.11£2.47 2.76+2.93 =0.54
Radial deviation (°)
At 6 weeks postoperative 16£2.39 15.21+2.98 =0.17
At | year 17.96£2.31 17.324£2.75 =0.23
Mean increase 1.95+1.27 2.10£1.73 =0.63
Ulnar deviation (°)
At 6 weeks postoperative 22.04+2.96 19.28+3.1 | <0.001
At | year 23.62+3.22 19.91+4.01 <0.001
Mean increase 1.57+1.58 0.63+1.91 <0.05
Supination (°)
At 6 weeks postoperative 73.2242.65 69.91£3.31 <0.001
At | year 77224291 73.68+3.96 <0.001
Mean increase 4+2.45 3.7612.82 =0.67
Pronation (°)
At 6 weeks postoperative 73.24x2.77 69.72+3.58 <0.001
At | year 76.71£3.19 72.32+4.39 <0.001
Mean increase 3.46+2.78 2.59+3.36 =0.18
DASH score/At | year follow-up 20.45+3.55 20.38+3.48 =0.93
(range:14.00-28.50) (range:10.80-26.90)
Grip Strength(kg/cm?)/At | year follow-up 9.00£1.45 8.60+2.05 =0.29
(range:6-12) (range:5.10-12.50)

] There is scarce evidence as to the most appropriate num-
ber and placement of K-wires and supporting techniques.

In radius fracture management, a satisfactory functional out-
come is unlikely unless a good anatomical result is achieved.
[15] Most authors estimate loss of radial length as the most im-
portant radiologic parameter influencing the functional out-
come, and it seems that any technique maintaining the radial
length may attain better functional results.?'3'®!7l However,
loss of radial length in terms of effects on functional outcome
has been reported in various forms in the literature.['®!2021]
In the current study, it was supposed that significant corti-
cal and cancellous comminution in the distal radius on the
dorsal and on the radial side may lead to late collapse due
to resorption of the crushed bone. Therefore, an additional
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dorsal third K-wire was used to reduce the risk of collapse
and regain better radiologic results. The use of the third K-
wire reduced loss of radial length by about Imm in Group |
compared to Group ll. Therefore, the better functional re-
sults in Group | patients can be considered to be due to not
only early movement but also to the lower reduction loss of
radial length.

Many studies have shown that the number or position of
K-wires does not influence radial inclination.l'*?>%1 |n the
present study, although radial inclination was better in Group
I, there were no statistically significant differences between
the groups in loss of radial inclination at follow-up. However,
loss of volar tilt was higher in Group Il. These results con-
form with those in the literature where the reduction loss
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in volar tilt is one of the most important factors of worse
functional outcomes.2!12225:26.27]

The possibility of early functional treatment depends on the
intraoperative influence of stability, complexity of the frac-
ture pattern, quality of the bone, and age of the patient.["
However, since K-wire fixation is not rigid, the patients of-
ten have to be immobilized in a plaster cast, generally for
at least 4 to 6 weeks postoperatively. In the literature, the
period of immobilization and the time of K-wire removal have
been reported as median six weeks.?*?! |n two trials testing
the duration of immobilization after surgery, no statistically
significant difference was found in functional and radiological
results.[??3% The method of limb immobilization following pin-
ning is considered controversial among authors studying this
topic.!**"32 To the best of our knowledge, there has been no
previous report in the English literature of an immobilization
method as described here for Group | patients of this study.

In the current study, all operations were performed with a
prophylactic | g dose of intravenous antibiotics. In contrast
to this, some authors do not advocate the use of prophylactic
antibiotics in the management of the distal radius fractures
treated with K-wire fixation. However, they have showed 2%
infection rate in their study.*’!

In the present study, Grip strength was minimally higher in
Group | compared to Group Il, but this was not statistically
significant as previously reported in other studies.?224%1 A
meta-analysis study has demonstrated that external fixa-
tion may lead to greater recovery of grip strength, especially
compared to fixation with locking volar plates.?¥! Since our
treatment protocol resembles a kind of external fixation with
K-wires and supporting devices, grip strength measurements
may have showed higher scores in both groups.

Although DASH scores in Group | were minimally higher,
there was no statistically significant difference between the
two groups. Szyluk et al. have reported that DASH scores
were good in their study group treated with K-wires and
supported with a plaster cast.?*! Many studies have demon-
strated various ROM outcomes according to the supporting
devices used and the duration.***283¢ Milliez et al.?% have
not recommended early functional treatment as a general
concept. In contrast, Das et al.?®! have reported that pro-
longed immobilization of the wrist for more than 3 weeks
increases stiffness. Based on the results of the current study,
if postoperative fracture fixation stability allows, then the
use of a removable splint and encouragement of early wrist
movement may improve functional outcome.

A wire diameter of 2.0 mm did not result in any significantly
enhanced stability in a test model of unstable distal radius
fractures when compared to a wire with a diameter of 1.6
mm, with the K-wire being directed parallel and diagonal
manner. Hence, the authors described the differences in ri-
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gidity according to pin size, and advocated that at least 1.6
mm diameter K-wires were needed for stable cross-pin fixa-
tion.l'"" In both groups, similar cross-pin fixation (with 1.8-2.0
mm K-wire) was applied. Biomechanical study could not be
carried out for this case series because our study patients had
both intra-articular and extra-articular fractures of the distal
radius. In a biomechanical study, it is easy to obtain an extra-
articular fracture model. In contrast, it is too difficult to ob-
tain a standardized intra-articular fracture model for the dis-
tal radius fractures. Tsai et al., have showed that greater bone
strength, higher wire stiffness, and longer wire contact length
provide a more stable wire-bone construct, thus facilitating
fracture reduction and bone union. In terms of entry point
and insertion angle, surgical planning for the contact length
has been more important than bony quality for stabilizing the
whole wire-bone construct.’”) From a biomechanical point
of view for this study, in Group | patients (fixation with 3 K-
wires), the extent of the wire-bone contact plays a significant
role in stability and reduction of a distal radius fracture.

In order to prevent median nerve compression and finger
stiffness in Group Il patients, we avoided placing the wrist
in too much flexion. This may have been the reason that no
Sudeck’s atrophy was encountered during the follow-up pe-
riod. Previous studies have reported that K-wire fixation is
a valid option only in A2 and CI fractures,?'! or in A2, A3,
and certain C type fractures.! K-wire fixation in elderly pa-
tients has been reported by some authors as not efficient?24
while others have found no loss in reduction.P® In the pres-
ent study, the results from at least one year follow-up seem
capable of restoring judicious joint function, including in
older patients. Two K-wire fixation and long immobilization
with a circular rigid cast could not reduce loss of reduction
in all three radiologic parameters. However, fixation with 3
K-wires and the application of a semi-circular cast for three
weeks postoperatively was more rigid, thus preventing loss
of reduction. In addition, in Group |, using a removable splint
after three weeks postoperatively allowed a much greater
range of movement of the wrist and better functional results
were obtained at the early and final follow-up.

The limitations of this study include that it was retrospective
in design and there was no measurement of inter-observer
errors in radiographic interpretation or functional evaluation.
We acknowledge that obtaining standardized antero-poste-
rior and lateral radiographs of the wrist with the forearm in
an exact neutral position is difficult in clinical practice. Any
forearm rotation may influence the accuracy of our radio-
logical parameters. However, these errors in measurement
would probably still be present in a prospectively designed
study group. Furthermore, we only evaluated the loss of re-
duction between the first postoperative day and six weeks
postoperatively. The injured wrists were not examined for
any degenerative changes at the latest follow-up.

This study demonstrated that the use of an additional dor-
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sal K-wire was marginally superior in radiologic results. The
third K-wire acts as an additional support and maintains three
points of fixation on each side of the fracture, which gener-
ally acts as a ‘tripod chair’. It has also been shown that apply-
ing a semi-circular volar cast in neutral position followed by
a removable splint allows for earlier rehabilitation without
jeopardizing the fracture alignment. There is still a need for
further investigation of the management methods of these
fractures with large prospective randomized clinical trials,
particularly to clarify the best use of K-wire stabilization and
supporting techniques.

Conflict of interest: None declared.
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Hangi yontem iki farkli Kirschner teli ile tespit ve immobilizasyon teknikleri ile
tedavi edilen distal radius kiriklarinda en iyi secimdir?

Dr. Ciineyd Giinay,' Dr. Ozdamar Fuad Oken,2 Dr. Osman Yiiksel Yavuz, Dr. Sinem Hiirsen Giinay,* Dr. Hakan Atalar®
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3Turgut Ozal Universitesi Tip Fakiiltesi, Ortopedi ve Travmatoloji Anabilim Dali, Ankara;

“Eskisehir Devlet Hastanesi, Anesteziyoloji ve Reanimasyon Klinigi, Eskisehir;
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AMAC: Bu calismanin amaci, Kirschner (K) tellerinin sayisi ve pozisyonunun ve immobilizasyon sekli ve siiresinin, kapali olarak K-teli fiksasyonu ile
tedavi edilen distal radius kiriklarinin radyolojik ve fonksiyonel sonuglari tizerine etkisini aragtirmaktir.

GEREC VE YONTEM: Doksan iki hasta ortalama 19.84+5.22 ay (aralik: 13-34 ay) takip ile calismaya alindi. Grup I'deki 45 hastaya ii¢ adet K-teli ile
tespit saglandi ve ilk ti¢ hafta volar yarim algi ile, sonraki li¢ hafta da ise gikarilabilir splintle desteklendi. Grup Il'deki, 47 hasta ise iki adet K-teli ile
tespit edildi ve ameliyat sonrasi alti hafta dirsek alti sirkiler algiyla desteklendi.

BULGULAR: Her iki grup arasinda kavrama giici ve DASH skorlari arasinda énemli bir degisiklik yoktu. Klinik muayenede, daha iyi fonksiyonel
sonuglar, gikarilabilir volar splint ile desteklenen hastalarda saptandi. Ameliyat sonrasi altinci haftada, volar tilt, radial inklinasyon ve radial ytkseklik
Grup I'deki hastalarda Grup II'dekilerden daha iyi idi (tim p degerleri <0.05).

TARTISMA: Tripod teknigiyle tig K-teli uygulamasi stabilite ve iyi radyolojik sonuglar elde etmek igin giivenli ve gegerli bir yontemdir. Cikarilabilir
splint kullanimi, eklem ici ve eklem disi distal radius kiriklarinin tedavisinde fonksiyonel sonuglari gelistirmektedir.

Anahtar sozciikler: Distal radius king; fonksiyonel sonug; Kischner teli; perkiitan pinleme; radyolojik sonug; tedavi.
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