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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
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articles. Tables and graphs must be headed.
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Background: Salter—Harris type II distal radius fractures are
the most common physeal injuries in children. Although closed
reduction and cast immobilisation are widely used, concerns
about loss of reduction have led to increasing use of Kirschner
wire fixation. The relative benefit of routine wire fixation
following intraoperative reduction remains uncertain.

Methods: We performed a retrospective cohort study of 57
children aged 5—16 years treated for Salter—Harris type II distal
radius fractures at a single centre between 2019 and 2024. All
underwent manipulation under anaesthesia and were managed
with either Kirschner wire fixation and cast immobilisation
(n=30) or plaster of Paris immobilisation alone (n=27).
Radiographic outcomes (radial inclination and volar tilt) were
measured before surgery and at final follow-up. Within-group
changes were analysed using paired t-tests and between-group
differences using Welch’s t-tests.

Results: Radiographic alignment improved significantly
across the cohort. Volar tilt increased by a mean of +13.7° (95%
CI1 9.8-17.5, p<0.001) and radial inclination by +5.1° (95% CI
3.6-6.6, p<0.001). Both groups demonstrated significant within-
group improvement, but between-group differences were small
and not statistically significant (radial inclination A diff +1.5°,
p=0.32; volar tilt A diff +1.9°, p=0.63). No complications,
including pin-site infection or physeal arrest, were recorded.

Conclusion: Both Kirschner wire fixation and cast
immobilisation following manipulation under anaesthesia
produced satisfactory early radiographic outcomes in children
with Salter—Harris type II distal radius fractures. Routine wire
fixation is not required in every case and should be reserved
for older children or fractures judged unstable at the time of
reduction.

Key words. Salter—Harris II fracture, distal radius, Kirschner
wire fixation, paediatric fracture, cast immobilization,
orthopaedics.

Introduction.

Distal radius fractures are the most common fractures in
children, accounting for up to one-third of all paediatric injuries
[1]. Salter-Harris type II fractures, in which the fracture line
extends through the physis and into the metaphysis, represent
the most frequent physeal injury pattern [2]. These injuries
usually result from low-energy trauma, such as a fall onto an
outstretched hand [2].

Although closed reduction and cast immobilisation have
traditionally been considered the standard of care, the optimal
management of displaced Salter-Harris type II distal radius
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fractures remains debated [3]. The high remodelling potential of
the paediatric skeleton often allows satisfactory outcomes with
non-operative treatment. However, concerns persist regarding
loss of reduction, malunion, and the risk of growth disturbance
[3]. As a result, percutancous Kirschner wire fixation has
been increasingly adopted, particularly in cases with marked
displacement or suspected instability [4].

Previous studies have provided conflicting evidence. Some
report improved maintenance of alignment with K-wire fixation,
while others emphasise the risks of pin-site infection, physeal
injury, and additional healthcare costs without a clear functional
advantage [5]. Importantly, there is limited evidence directly
comparing the outcomes of intraoperatively reduced fractures
treated with either K-wire fixation or cast immobilisation alone
[6].

The aim of this study was to compare the radiographic outcomes
of Kirschner wire fixation versus plaster cast immobilisation
following manipulation under anaesthesia for Salter-Harris type
IT distal radius fractures in children. We sought to determine
whether routine wire fixation confers any measurable benefit
over cast immobilisation in this setting.

Materials and Methods.

We conducted a retrospective cohort study of children aged
5-16 years who sustained Salter—Harris type II fractures of the
distal radius and were treated at Stoke Mandeville Hospital,
Aylesbury, between January 2019 and December 2024. Eligible
cases were identified from the hospital trauma database and
radiology records. Inclusion required closed reduction under
general anaesthesia and a minimum radiographic follow-up of
six weeks. Patients with open fractures, associated polytrauma,
pathological fractures, incomplete medical records, or
inadequate follow-up were excluded.

Treatment was determined by the operating surgeon. One group
underwent manipulation under anaesthesia with percutaneous
Kirschner wire fixation and cast immobilisation, while the other
underwent manipulation under anaesthesia with plaster of Paris
immobilisation alone. All reductions were performed under
fluoroscopic guidance in the operating theatre.

The primary outcomes were radiographic parameters—
radial inclination and volar tilt—measured on standard
anteroposterior and lateral radiographs before surgery and at
final follow-up. Measurements were performed electronically
by two independent observers, with discrepancies resolved by
consensus.

Data were entered into a secure database and analysed using
IBM SPSS Statistics (IBM Corp., Armonk, NY). Continuous
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variables were summarised as mean + standard deviation or
median with interquartile range, as appropriate. Within-group
changes were assessed using paired t-tests; between-group
differences in change (A = post — pre) were analysed using
Welch’s t-tests. Categorical variables were compared with the
chi-square test. A two-tailed p <0.05 was considered statistically
significant.

Results.

A total of 57 children met the inclusion criteria (MUA + K-wire,
n=30; MUA/POP, n=27). The mean age was 11.7 years (range
5-16). Baseline demographic and preoperative radiographic
parameters were comparable between the two groups.

For the overall cohort, alignment improved significantly
following treatment. Volar tilt moved from dorsiflexed to near-
neutral (mean change +13.7°, 95% CI 9.8-17.5, p<0.001), and
radial inclination increased (mean change +5.1°, 95% CI 3.6—
6.6, p<0.001) (Table 1). Median values showed a similar shift,
with narrower postoperative ranges suggesting more consistent
alignment across patients.

When analysed by treatment group, both strategies produced
significant within-group improvements (Table 2). In the K-wire
cohort, the average gain in volar tilt was approximately 14.6°
and in radial inclination 5.8°; in the MUA/POP cohort, the
respective gains were 12.7° and 4.3°. Although improvements
were numerically greater in the K-wire group, between-group
differences were small and not statistically significant (radial
inclination A diff +1.5°, p=0.32; volar tilt A diff +1.9°, p=0.63).

No complications were recorded. Specifically, there were
no cases of pin-site infection in the K-wire group (0/30) and

no physeal arrest observed in either cohort (0/57). Figure 1
illustrates the pre- and postoperative mean values with 95%
confidence intervals.

Discussion.

Salter—Harris type Il fractures of the distal radius are
among the most frequent injuries encountered in paediatric
orthopaedics [1,2]. The principal debate in their management
is whether percutaneous fixation following a successful closed
reduction provides measurable benefit over cast immobilisation
alone [5,8]. In this retrospective cohort, both strategies resulted
in satisfactory radiographic outcomes, with no significant
differences between groups.

The improvement in both radial inclination and volar tilt
across the entire cohort reflects the effectiveness of closed
reduction in restoring alignment. Importantly, our findings
suggest that routine Kirschner wire fixation after manipulation
under anaesthesia is not essential in all cases. Both treatment
groups maintained acceptable postoperative alignment, and no
complications such as physeal arrest or pin-site infection were
observed.

Previous studies have reported that fracture stability is
influenced by patient age and initial displacement [6]. Rivera et
al. highlighted that older children, particularly those with coronal
angulation exceeding 5°, are more likely to experience loss of
reduction when treated non-operatively [7]. Similarly, surgical
stabilisation has been advocated for patients approaching skeletal
maturity or in cases where closed reduction was insufficient
[8]. Our cohort had a mean age of 11.7 years, representing a
transitional growth phase where remodelling potential begins

Table 1. Median values showed a similar shift, with narrower postoperative ranges suggesting more consistent alignment across patients.

Parameter Pre-op mean + SD Post-op mean = SD A (post—pre), 95% CI p
Volar tilt (°) —11.26 + 13.58 2.40 £ 6.64 +13.67 (9.84-17.49) 1.94x107°
Radial inclination (°) 14.14+6.29 19.21 +£4.48 +5.07 (3.58-6.56) 7.47x10°°

Table 2. When analysed by treatment group, both strategies produced significant within-group improvements.

Parameter Group (n) Pre-op mean £ SD  Post-op mean £ SD A (post—pre), 95% CI |p (within)
Radial inclination (°) K-wire (30) 13.27£6.13 19.07 £4.40 +5.80 (4.01-7.59) 2.99x107
MUA/POP (27) 15.11 £ 6.44 19.37 £4.63 +4.26 (1.72-6.80) 0.00195
Volar tilt (°) K-wire (30) -12.17+13.77 2.40+7.92 +14.57 (9.22-19.91) 5.11x107°¢
MUA/POP (27) -10.26 £13.55 2.41+5.01 +12.67 (6.82-18.51) 1.41x10™*
Preoperative and post-operative change/ difference (4).
Figure 2. Radiographic outcomes in SH-I| distal radius fractures
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Figure 1. [llustrates the pre- and postoperative mean values with 95% confidence intervals.
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to decline. Although our subgroup analysis did not demonstrate
statistically significant differences between the groups, these
considerations support selective use of Kirschner wire fixation
in older children or in fractures considered unstable at the time
of reduction.

Younger children, especially those under 10 years, exhibit
significant remodelling potential, allowing greater tolerance
of initial displacement and reducing the need for invasive
stabilisation [9,10]. This remodelling ability means that
satisfactory outcomes can often be achieved despite mild
residual angular deformities. Conversely, in cases of suboptimal
reduction—particularly when residual translation exceeds 10%
or angulation is greater than 5°—percutaneous K-wire fixation
may be required to prevent re-displacement and ensure stable
healing [11]. This approach balances the benefit of stability
with the potential risks of Kirschner wire use, such as pin-tract
infection or nerve injury [12,13]. While percutaneous K-wire
fixation has been recommended in unstable fracture patterns or
in older children, some authors have argued for primary fixation
even after satisfactory closed reduction, due to concerns about
maintaining reduction stability [8].

The absence of major complications in our K-wire cohort is
reassuring and supports its safe use when indicated. Nevertheless,
avoiding unnecessary surgical intervention remains important,
given the risks of infection, additional anaesthetic exposure, and
healthcare costs described in other series. Although K-wires are
inexpensive and widely available, they are not without potential
issues, including rare complications such as wire breakage
during removal [14].

It is also important to emphasise that small variations in
radiographic parameters do not necessarily correspond to
differences in clinical outcomes. Prior studies have shown that
minor differences in volar tilt or radial inclination rarely affect
long-term function, particularly in younger children with high
remodelling potential [9,10]. Thus, the lack of statistically
significant radiographic differences between groups in this
study is unlikely to conceal clinically meaningful disparities,
further supporting the conclusion that routine K-wire fixation is
not required when a satisfactory reduction is achieved.

This study has several limitations. Its retrospective design
introduces inherent risk of selection bias, as treatment allocation
was determined by surgeon preference rather than randomisation.
Itis plausible that fractures judged less stable were preferentially
assigned to the K-wire group. Although preoperative radial
inclination and volar tilt were comparable between groups,
other potentially relevant baseline characteristics—such as the
degree of displacement, translation, or comminution—were
not consistently recorded. The absence of these data limits our
ability to fully evaluate allocation bias. The relatively small
sample size further reduced statistical power, particularly for
subgroup analyses by age or fracture pattern, and the study
was not designed to detect small between-group differences. In
addition, clinical outcomes such as pain, function, and return to
activity were not consistently captured, restricting the analysis
to radiographic parameters. Finally, follow-up was limited to
early healing, without assessment of long-term remodelling or
functional recovery.
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Taken together, our findings support an individualised
approach to management. While routine K-wire fixation
following manipulation is not universally required, it may be
considered in older children, in cases where sagittal alignment
is difficult to restore, or in fractures demonstrating inherent
instability at the time of reduction.

Conclusion.

Both manipulation under anaesthesia with plaster
immobilisation and manipulation with Kirschner wire fixation
are effective strategies for treating Salter—Harris type II distal
radius fractures in children. In this series, both approaches
achieved satisfactory early radiographic correction with no
major complications, and there were no statistically significant
differences between groups. Routine K-wire fixation is
therefore not required in every case and should be reserved for
older children or fractures that appear unstable at the time of
reduction.

These findings reflect early radiographic outcomes, and further
research with long-term follow-up is needed to determine
whether subtle differences emerge in growth, remodelling, or
functional recovery.
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