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Abstract

Background. Distal radius fracture has been reported as the most common type of extremity fractures in adults. No treatment
method has been introduced definitely for this type of fracture, especially for maintaining hand function in the best state.
The aim of this study — to assess the functional and radiological outcomes following three surgical methods, including
external fixation, K-wire and external fixation with pinning.

Methods. This parallel-designed randomized controlled trial was conducted on adult patients with intra-articular
fracture of distal radius. The participants were allocated in three research groups with block random sampling, and
were matched for their age and gender. Primary outcome was radiographic parameters, including radial inclination,
radial height, ulnar variance and dorsal/palmar tilt. Secondary outcome was the patient’s performance examined with
DASH and PRWE questionnaires. All participants were followed 6, 12 and 24 weeks after the surgery for evaluation
of these outcomes.

Results. Totally, 78 patients, including 42 male and 36 female with mean age of 46.94+11.05 years completed the research
protocol. Although the four radiologic primary endpoints were in the normal clinical range after the intervention,
a significant statistical difference was observed between the three groups (p<0.001). Also, both DASH and PRWE score
showed a significant decrease after the therapeutic interventions (p<0.001).

Conclusion. The statistically significant difference in the research outcomes of the external fixation with pinning can
show that this treatment method theoretically preserves the anatomical condition better than the other two methods,
and probably has better functional effects on short-term and intermediate-term results following the surgery.
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Pedepar

AxkmyansHocmb. [lepe1oMbl IVICTAIBHOTO OT/IeJIa Ty4eBOi KOCTU SIBJISIIOTCSI CAMBIM PaclipoCTpaHEeHHBIMM Cpefiy BCeX repe-
JIOMOB KOHEUYHOCTe} y B3podibiX. OHAKO O CUX TOp He IMpeAJIoKeHO eAVHO MeTOAVKY jeueHUs JaHHbBIX [1epeioMOB,
KOoTOpas obecreunBasa 6 HAVITYUIITYI0 COXPAHHOCTh QYHKIIVY KUCTU.

Llens uccnedoeanus — oNeHUTb GYHKIIMOHATbHBIE ¥ PEHTTEHOIOTMYECKME Pe3YIbTAThI ITOC/IE TPEX BAPUAHTOB XUPYpruve-
CKOTO JIeUeHMs1: BHenTHel Gukcarym, Gukcaumuy CmiiaMy 1 BHeIIHei Gukcanyy B COUeTaHUM CO CITUIIAMM.

Mamepuan u memodsi. B mapamienbHOe paHIOMU3YPOBAHHOE KOHTPOIMPYEMOE UCCIeoBaHMe ObIIIO BKIIOUEHBI B3POC-
Jible TIALIMEHThI C BHYTPUCYCTABHBIMY TepeioOMaMy IUCTAILHOTO OTHeNa JIyueBoii KOCTh. MeTomoM GI0UHOI paHAOMM-
3aI[MM OHM OBLIM pa3[esieHbl Ha TPU TPYIIbI, COMIOCTABMMBIE TI0 MOy ¥ BO3PACTy. B KauecTBe IEPBOTO KPUTEPUS OIIeH-
KU MCIOJIb30BAIVICh PEHTTeHOMEeTpUYecKye rmapaMeTphbl: Jy4eJI0KTeBO yroj, BbICOTA MIWIOBUIHOIO OTPOCTKA JIy4eBO
KOCTU, JIOKTETYUY€EBO MHAEKC U ThUIbHbII/MAOHHbIN HAKIOH. BTOpBIM KpuTepueM ObIa OlleHKa QYHKIIMOHATbHBIX pe-
3ynbTaToB no mKaaam DASH u PRWE. KoHTposbHbIE OCMOTPBI ITAllMEeHTOB MPOBOAMINCH HA CpOKax 6, 12 u 24 Hef. riocie
orepanuu.

Pe3zynemamest. Ha Bcex 3Tamax McCieJoBaHNS ObUIa TTpOBeleHa OleHKa (GYHKIMOHAIbHBIX Pe3YJIbTAThl 78 Mal[MeHTOB
(42 MY>KUMHBI U 36 JKeHIIMH), CPeIHMIT BO3PACT KOTOPBIX cOCTaBmI 46,94%11,05 siet. HecMOTps Ha TO, UTO OC/IE XUPYP-
I'MYEeCKOT0 BMEIIaTeIbCTBa BCE YEThIPE IEPBUYHBIX PEHTTEHOMETPUUECKYX ITOKa3aTesss ObUIM B Mpefenax HOPMbI, MEXIY
TpeMsl ¥ICCIeyeMbIMY IPYIIIaMy HabII0amach CTaTUCTMUeCKas 3HauuMas pasuuia (p<0,001). Kpome Toro, oTMeuanoch
3HAUMTEIbHOE CHMDKeHMe nmokasaresneii mo mkasaMm DASH u PRWE nmociie onepainm (p<0,001).

3axnouenue. CTaTUCTUYECKM 3HAUMMBbIE OTIMYMSI B PE3Y/IbTATaxX B Cydae BBIMIOTHEHUS BHeNTHEl (GUKCAIMA C UCITOIb-
30BaHMEM CITUII MOTYT CBUIETEIbCTBOBATb O TOM, YTO TMUIIOTETUYECKM JAHHBIN METO[ JIeUeHNsI 006eCcreurBaeT GOMbITYIO
COXPaHHOCTb AaHATOMUM CYCTaBa, YeM JIBa JPYTMX METOIA, U, BEPOSITHO, CIIOCOOCTBYET TOTYUEHMIO JIYUIINUX OIVDKAMIINX
M CPeAHECPOUYHBIX (DYHKIMOHATBHBIX PE3Y/IbTATOB ITOC/IE OTIEPALIVIN.

KiroueBble C/10Ba: TIepesioM AYICTATBHOTO OT/IeNa Iy4eBOoit KOCTHU, XUPpypriudecKkye MeToAbI JeueHust, hyKcanys Cumiamu,
BHeIIHsIsI huxcamysi.

O Ana murupoBanms: Xamwmmsan M., Tesembcodma &., Myomu C., [xokap P., Tammkm C.M.D., Baxpammu M.,
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INTRODUCTION

Distal radius fracture (DRF) has been reported as the
most common type of extremity fractures in adults;
constitute 17.5% of all fractures [1, 2].

The fractures with more than 2 mm step-off in
the radiocarpal joint and greater than 10° dorsal
tilt are recommended to be treated surgically.
Different surgical techniques and hardware have
been introduced for the management of distal radial
fractures. No one method can be used for all injuries,
and, the surgeon should choose a proper approach
based on the patient’s condition [3, 4]. These
treatment approaches are expected to promote pain-
free movements of the wrist, the patient’s ability to
do his/her activities, and to prevent from degenerative
articular changes in the future [5]. Timely surgery of
these fractures has been recommended to achieve
better long-term outcomes, and also, less disabilities
of the arm, shoulder, and hand [6, 7].

External fixation (EF), open reduction and
internal fixation with Kirschner wire (K-wire), and
external fixation and pinning are important surgical
approaches for management of these fractures [8].
These treatment approaches might have potential
complications, ranging from skin incisions, cosmetic
appearance, and related surgical adverse events which
impact the patient’s satisfaction and functional
outcomes [9].

Different measures have been introduced to
assess the treatment outcomes following the surgical
procedures for DRF; functional and radiographic
parameters are among the most important indices for
this purpose [10, 11, 12].

Given no treatment method has been introduced
definitely for this type of fracture, especially for
maintaining hand function in the best state, this study
aimed to evaluate the functional and radiological
outcomes of three surgical methods.

METHODS
Trial design and blinding

The present study was conducted as a parallel single-
blind randomized clinical trial. The patients did not
know the type of surgical procedure chosen by the
surgeon for treatment.

Patients

All adult patients with intra-articular fracture of
distal radius (type C complete articular fracture
based on AO/OTA Classification of Fractures
and Dislocations [13]) referred to the emergency
departments, outpatient clinics and orthopedic
departments of three state hospitals affiliated to
Babol University of Medical Sciences, north of Iran
who were candidate for surgical treatment were
included in the study, by census. The participants
were allocated in three research groups with block

random sampling. The three groups were matched
for their age and gender.

The inclusion criteria were: people aged 18-65 years
with intra-articular fracture of the distal radius caused
by trauma. Exclusion criteria included: pathological
fractures other than trauma (tumor, disease or other
reasons), simultaneous fracture of the upper limb on
the same side, patients who did not want to participate
in the research, Sudeck’s atrophy, and patients who had
clear osteoporosis on radiographs.

Sample size

Considering a study power of 80% at a confidence level
of 95%, and a decrease of 2 units in the pain severity
in three study groups and a drop of 10%, the sample
size was determined to be 30 individuals in each group
(totally 90).

Interventions

The patients were divided into three groups:
K-wire technique for group 1, external fixation for
group 2, and external fixation with pining for group 3.
All surgical procedures were carried out with a
standard protocol under general or local anesthesia.

K-wire technique (group 1) was carried-out with
closed reduction, and fixation with pins (3 or 4 pins
were used depending on the shape of the fracture).
In this method, closed reduction of the DRF was
performed under the C-arm guide in the operating
room, and the pins were placed crosswise. One or two
pins were placed from the styloid process of the radius,
and one or two pins from the opposite side. After
making sure of the correct reduction, the long arm
cast was taken. The conducted reduction and fixation
were controlled with anteroposterior (AP) and lateral
radiographic views during the surgical operation.
The patients underwent immobilization cast for
6 weeks, 4 weeks of long cast and 2 weeks of short cast.

The external fixator (for group 2) was placed
using 2.5 mm Schanz pins in the second metacarpal
bones and 3.5 mm pins in the radius, proximal to
the fracture site. In this method, under the C-arm
guide in the operating room, reduction of DRF was
performed. The reduction was checked with AP and
lateral radiographic views. Subsequently, one Schanz
pin was placed in the distal part of the fracture and
inside the second metacarpal bone, and another one
was placed inside the shaft of the radius, the wrist was
placed under tension, and after sufficient distraction,
the rods were placed on the Schanz pins, and finally
the next Schanz pins were placed distally and
proximally. The fixator included four Schanz pins, two
rods and eight rods to Schanz-clamps to fix the rod.
Finally, after making sure of the correct reduction, the
long arm splint was taken [14]. The external fixator
was removed 6 to 8 weeks after the intervention.
No additional wire was used in these patients.
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In the external fixation with pinning (group 3), the
procedure of fixation was conducted with the same
technique mentioned for the group 2. In addition to,
2 or 3 pins were used for fixation of the fracture site,
depending on the patient’s condition. In this method,
under the C-arm guide in the operating room, the
closed reduction of DRF was performed. The reduction
was checked in the AP and lateral radiographic views.
After making sure that the reduction was correct, the
long arm splint was finally applied.

The patients of the three study groups were taken
a wrist radiograph, immediately after the surgery.
They were discharged from the hospital 24 hours after
the intervention, while were prescribed to take an
appropriate antibiotic medication (cephalosporin of
the first generation) for three days, and were advised
to move their fingers, actively.

Radiography was repeated two weeks after the
intervention; and the patients were followed to check
the fracture reduction. Subsequently, the participants
were followed 4 weeks after the intervention to
shorten the cast in group 1 patients. The last visit
was performed at the time of pin or external fixator
removal.

Physiotherapy was requested for all patients after
the operation.

OUTCOMES ASSESSMENT

Primary outcome was radiographic parameters,
including radial inclination, radial height, ulnar
variance and dorsal/palmar tilt [15]. These markers
were assessed immediately after the surgery,
then the 6™, the 12* and the 24" weeks after the
intervention.

Secondary outcome was the patient’s performance.
All participants were followed 12 and 24 weeks after
the surgery for evaluation of this outcome. The Persian
version of the Disabilities of the Arm, Shoulder and
Hand (DASH) outcome measure, and Patient Rated
Wrist Evaluation (PRWE) questionnaire were used for
assessment of the patient’s performance [15, 16].

DASH questionnaire includes 30 items. Normal
DASH score is less than 15; a score of zero means
no disability, and a score of 100 indicates severe
disability [16].

The PRWE questionnaire contains 15 items,
5 of which are about intensity and repetition of

pain and 10 questions about the patient’s ability to
perform daily activities. A score of 100 means severe
disability [15].

Statistical analysis

The collected data was analyzed using SPSS statistical
software (version 26). Chi-square, t-test, and paired
t-test were used for data analysis. P-value less than
0.05 was considered as the significant level.

RESULTS

Totally, 78 patients, including 42 (53.8%) male and 36
(46.2%) female with mean age 46.94+11.05 (a range
of 19-65) years completed the research protocol.
Participant flow is presented as Figure 1 to show
the number of participants in each group who were
randomly assigned, received intended treatment, and
were analyzed for the research outcomes.

Baseline characteristics of the participants in three
research groups is presented in Table 1. This table
represents no significant difference between these
groups about their age, gender and the side of hand
injury (p>0.05).

Radiographic indices have been compared
between the study groups in Table 2. This table shows
that although the four radiologic measures (radial
inclination, radial height, ulnar variance and dorsal/
palmar tilt) were in the normal clinical range after
intervention, a significant statistical difference was
observed between the three groups (p<0.001). Also, an
example of radiographic images before and after the
three mentioned procedures is shown in Figure 2.

When the groups were compared 2 by 2 about
the height of the radius, no significant difference
was observed between the two groups of K-wire
and external fixation after the surgery on the 0 day
(p = 0.249), 6 weeks (p = 0.135), 12 weeks (p = 0.066)
and 24 weeks (p = 0.216) after the surgery; however,
the group of external fixation together with pin had a
significant difference with external fixation (p<0.05).
The height of the radius in the third group was better
than that of the other groups.

Patients’ performance following the three
mentioned surgical interventions has been
summarized in Table 3. Both DASH and PRWE score
showed a significant decrease after the therapeutic
interventions (p<0.001).
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Assessed for eligibility (n=90)

v

Excluded (n=0)

+ Not meeting inclusion criteria (n=0)
+ Declined to participate (n=0)

+ Other reasons (n=0)

Randomized (n=90)

[ Atocation ] |

Allocated to intervention 1" K-wire”
(n=30)

+ Received allocated intervention (n=30)

¥

l

Allocated to intervention 2 “external
fixation” (n=30)
+ Received allocated intervention (n=30)

Allocated to intervention 3 “external

fixation with pinning” (n=30)

+ Received allocated intervention
m=3M

Lost to follow-up (n= 2)
Discontinued intervention (n= 2)

Lost to follow-up (n=2)
Discontinued (n=2); due to long follow-
up period

l

Lost to follow-up (n=0)
Discontinued intervention (n=4); due to
long follow-up period

l

Analysed..(n= 26)

(n=0)

+ Excluded from analysis (give reasons)

Analysed..(n=26)
+ Excluded from analysis (give
reasons) (n=10)

Analysed..(n=26)
+ Excluded from analysis (give
reasons) (n=10)

Fig. 1. Flow diagram of the study

Table 1
Baseline characteristics of the participants in three research groups
Study groups
Characteristics K-wire External fixation External fixation with | P-value
(n=26) (n=26) pinning (n = 26)
Gender (Number/Percent)
Male 15 (57.7) 14 (53.8) 13 (50.0) 0.857
Female 11 (42.3) 12 (46.2) 13 (50.0) :
Age (Mean*SD) 46.50+12.14 47.69+10.18 46.62+11.39 0.914
The side of fracture (Number/Percent)
Right 10 (38.50) 16 (61.50) 9 (34.60) 0.108
Left 16 (61.50) 10 (38.50) 17 (65.40) :
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Fig. 2. An example of radiographic images before
and after the three surgical procedures:

a — K-wire method before surgery;

b — K-wire method after surgery;

¢ — external fixation before surgery;

d — external fixation after surgery;

e — external fixation with pinning before surgery;
f — external fixation with pinning after surgery

Table 3
Patients’ performance following three surgical interventions for distal radial fracture,
Mean=SD
DASH score PRWE score
Characteristics/Study groups
12 week 24" week 12 week 24" week
K-wire (n = 26) 47.70%£8.17 35.70+8.66 53.17+7.78 41.59£7.21
External fixation (n = 26) 42.05%9.92 30.85+8.96 48.46%9.44 33.40+7.47
External fixation with pinning (n = 26) 38.43+8.78 28.26+9.52 43.46*7.22 30.51+7.57
Total 42.74%9.68 31.61%£9.46 48.36%9.03 35.17+8.71

p-value <0.001.

DISCUSSION

This research aimed to evaluate the wrist radiographic
parameters and patients’ performance after three
surgical interventions for management of distal radial
fracture.

Following the mentioned surgical interventions,
a statistically significant difference was observed
between the three groups about the height of the radius,
although the height of the radius was in the normal
range (8—12 mm) in all groups and the difference was
not clinically significant. Of course, when the groups
were compared 2 by 2 about the research outcomes,
the height of the radius had better condition in the
third group than that of the others. Furthermore, radial
height did not collapse within 6 months after external

fixation with pinning; while in the other two methods,
a radial shortening was observed. Multiple evidence
represented the radial height as one of the important
prognostic factors in treating distal radial fracture [17],
however, there is discrepancy in the way that radial
height is measured and reported, that influences on
comparison of the findings in different studies [18].
Current research showed that this outcome was the
best in the third group.

The radial inclination is closely related to the
height of the radius, and both of these measures
can be representative for axial compression of the
radius. Some previous studies showed an association
between the loss of radial angle greater than 10°
and unfavorable score of DASH [20]. In current trial,
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although the radial angle was in the normal range
(16-29°) following the operation, a statistically
significant difference was observed between the
three groups. Similar to the findings of radial height,
radial angle in the third group was better than the
other groups.

In this research, the average of ulnar variance
was in the normal range (+2 to -4) in postoperative
assessment of all groups. Although a statistically
significant  difference was observed between
different treatments, the difference was not clinically
significant. The external fixation group with pinning
had the best outcome about ulnar variance than
that of other groups. In the study of H.P. Huddleston
et al. showed that fixating the radius in -4 mm of ulnar
negativity significantly decreased radial translation
after sectioning the volar radioulnar ligament and
triangular fibrocartilage complex (TFCC) [20]. Similar
evidence reported that positive ulnar variance one
year after distal radial fracture was clearly associated
with unfavorable DASH score and weakness of grip
[21, 22].

Palmar tilt was in the normal range (0-22°) in three
groups; although, there was a statistically significant
difference between the groups. This difference was not
clinically significant; and the third group had the best
condition in all follow-up periods. Different evidence
exists about the impact of palmar tilt on postoperative
functional outcomes. It can be due to differences in
measurement methods and performance definitions
in various studies. Falk et al showed no significant
difference in postoperative functional assessment
between the cases with non-anatomical restoration of
the volar tilt with -5° to 5° with patients who had an
anatomical volar tilt between 6° and 15°[23]. A dorsal tilt
over 10° is an important cause of radiocarpal instability
after distal radial fractures; and can be associated with
unfavorable postoperative DASH results.
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Mean DASH score was about 43 at the third
month, and decreased to about 32 at the sixth
month of postoperative assessment. These scores
were higher than the normal range which should
be below 15. This outcome was better in the third
group compared to other two methods, and the
patients undergoing this treatment intervention
are expected to have better performance. A recent
network meta-analysis compared short-term (up
to 3 months) and intermediate-term (3 to 12 months)
of DASH and PRWE scores following different
treatment approaches of distal radial fractures
and reported that internal fixation with volar lock
plating made no increase in 1-year complication rates
compared to other treatment options. They proposed
shared decision-making with patients to identify
patient preferences regarding recovery to determine
optimal treatment [24].

Mean PRWE score was about 48 at the third month
and improved to about 35 at the sixth month. Similar
to DASH score. This research endpoint was better in
the third group; patients underwent external fixation
with pinning had better performance after six months
following the surgery.

The sample size, and study design are strong
points of this research. The patients were followed for
six months; and this can be a limitation of this study.
Long-term follow-up of patients is recommended for
future studies.

CONCLUSION

The statistically significant difference in the research
outcomes of the external fixation with pinning
can show that this treatment method theoretically
preserves the anatomical condition better than the
other two methods, and probably has better functional
effects on short-term and intermediate-term results
following the surgery.

JOITOJIHUTEJIbHASI THO®OPMALIVS

Hcmounuk ¢unancuposanus. 3To UcciefoBaHue 6bLI0
MpoBefeHO Npu (GUHAHCOBON monmepkke BabGombckoro
YHUBEpCUTeTa MeOULIMHCKUX HayK.

Bo3moskHblli KOH(AUKIM uHmepecos. ABTODHI [leKiia-
PUPYIOT OTCYTCTBME SIBHBIX U IIOT@HLIMAIbHBIX KOH(IMKTOB
MHTEPECOB, CBSI3AHHBIX C ITyOIMKAIMell HACTOSIIEN CTaTbU.

dmuueckaa 3kcnepmusa. IIpoTOKON UCCIENOBaHUS
661 0mo6peH Komutetom 1o 3Tuke BaGoiabckoro yHuUBep-
cuTeTa MeOMIIMHCKMX HaykK, HoMmep: IR.MUBABOL.HRI.
REC.1397.246; 3aperucTpupoBaH Ha BeG-caiiTe MpaHCKOro
peectpa knyHMYeckux ucnbrtannii (IRCT20190221042782N1;
https://en.irct.ir/trial/389207revision=86960).

HupopmuposanHoe coznacue Ha ny6aukayuro. ABTOpbI
MONyYM/IM NMUCbMEHHOe coIiacke IMallyieHTOB Ha ydacTue
B MICCTIEIOBAHUY U ITyGIMKALMIO PE3YIbTATOB.
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