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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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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% 
CI 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 Δ diff +1.5°, 
p=0.32; volar tilt Δ 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 

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, percutaneous 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 
II 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 (Δ = 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 Δ diff +1.5°, p=0.32; volar tilt Δ 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 II 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 Δ (post–pre), 95% CI p
Volar tilt (°) −11.26 ± 13.58 2.40 ± 6.64 +13.67 (9.84–17.49) 1.94×10⁻⁹
Radial inclination (°) 14.14 ± 6.29 19.21 ± 4.48 +5.07 (3.58–6.56) 7.47×10⁻⁹

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 Δ (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) 2.99×10⁻⁷

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) 5.11×10⁻⁶

MUA/POP (27) −10.26 ± 13.55 2.41 ± 5.01 +12.67 (6.82–18.51) 1.41×10⁻⁴
Preoperative and post-operative change/ difference (Δ).

Figure 1. Illustrates 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. 
It is 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.

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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