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Abstract

Purpose Completely displaced distal radius fractures in chil-
dren have been traditionally reduced and immobilized with
a cast or pin fixed. Cast immobilization leaving the fracture
displaced in the bayonet position has been recently suggest-
ed as a non-invasive and effective treatment alternative. This
is a pilot comparative study between reduction and no re-
duction.

Methods We assessed subjective, functional and radiograph-
ic outcome after a minimum 2.5-year follow-up in 12 children
under ten years of age who had sustained a completely dis-
placed metaphyseal radius fracture, which had been immobi-
lized leaving the fracture in an overriding position (shortening
3 mm to 9 mm). A total of 12 age-matched patients, whose
similar fractures were reduced and pin fixed, were chosen for
controls.

Results At follow-up none of the 24 patients had visible fore-
arm deformity and the maximal angulation in radiographs
was 5° Forearm and wrist movement was restored (< 10° of
discrepancy) in all 24 patients. Grip strength ratio was normal
in all but three surgically treated patients. All patients had
returned to their previous activities. One operatively treated
boy who was re-operated on reported of pain (visual ana-
logue scale 2).

Conclusion The results of this study do not demonstrate the
superiority of reduction and pin fixation over cast immobi-
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Introduction

Displaced paediatric distal metaphyseal radius fractures
have been traditionally reduced either in local or general
anaesthesia. It has been reported, however, that most of
these fractures heal well despite failed or lost reductions
and shortening up to 10 mm and angulations up to 35°
in the sagittal plane can be expected to remodel.”? In
fact, Crawford et al® have recently claimed that distal
metaphyseal radius fractures in children younger than
11 years of age can be immobilized without reduction
in an overriding position with good outcome. On the
other hand, several authors*' advocate reduction and
percutaneous pin fixation, because the risk of re-dis-
placement of the fracture during immobilization is high
(14% to 91%).

Half of the attending paediatric orthopaedic surgeons
in our department were inspired by the report of Craw-
ford et al® to try treatment of completely displaced distal
metaphyseal radius fractures in children with cast immo-
bilization without reduction, expecting a non-inferior
outcome compared with traditional treatment of reduc-
tion and pin fixation. The aim of this study is to compare
subjective, functional and radiographic outcome in chil-
dren with an overriding distal metaphyseal radius fracture
treated with immobilizing the radius in a bayonet position
with reduction and pin fixation of the fracture.
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Materials and methods

All fractures have been prospectively registered in our ter-
tiary level teaching institution by Kids’ Fracture Tool Helsinki
(electronic registration device, New Children’s Hospital,
Helsinki, Finland and BCB Medical, Turku, Finland). After
institutional review board approval (365/13/03/03/2015),
the database was searched for paediatric forearm frac-
tures. A total of 79 children under 10 years old that had
sustained a closed distal forearm fracture with completely
displaced and shortened metaphyseal fracture of the radius
(AO 23-M/3.1) were treated in our hospital between 2015
and 2017. In all, 66 of those fractures were reduced (35
reduced and casted; 31 reduced, percutaneously pin fixed
and casted). A total of 13 were immobilized in the bayo-
net position: three patients after attempted reduction by a
registrar (operating theatre: one, emergency department:
two) and ten random patients without an attempt of reduc-
tion in the emergency department according to a decision
made by one of four of the eight attending orthopaedic
surgeons in our department (Fig. T1a). Neurovascular find-
ings were normal before, during and after casting in all 13
patients, whose fractures were immobilized in the bayonet
position. These 13 patients were seen one week from cast-
ing to assess that the synthetic splints fit well. None of these
13 children required a cast change during their treatment.
In all, 11 of the 13 patients whose fractures were not
reduced, but were immobilized in the bayonet position,
came to a clinical examination and had radiographs of
their injured forearms taken. One girl denied attending
the clinical examination, but agreed to be interviewed by
phone and have her radiographs taken (Table 1, case 5).
One five-year old boy, who claimed to have no pain and
normal function four years after the fracture, was excluded
from the analysis because he refused to attend both the
clinical and the radiographic follow-up examinations.

We then chose 12 age-matched children that had their
completely displaced distal metaphyseal radius fractures
reduced and pin fixed, who all agreed to be called-back
for research purposes (Fig. 1b). In the 24-patient study
population 22 children had different types of associated
ulna fractures (greenstick: nine, complete in overriding
position: seven, torus: five, physeal: one) with an uneven
distribution between the treatment groups (Table 1).

Pin fixation (two pins in ten, one pin in two patients) was
performed within two days of the injury, except in one child
who was operated on ten days after injury because the frac-
ture alignment was regarded as unsatisfactory at one week
from injury. Surgery was performed either by an attending
surgeon alone (six cases), registrar alone (three cases) or by
both attending and registrar (three cases). All 24 patients’
fractures were immobilized with above elbow dorsal- and
volar forearm splint. Splints and pins were removed in the
outpatient clinic at four weeks, except in one child whose
cast and pin were removed at three weeks.

Fracture shortening and angulation were measured
from plain radiographs (Fig. 2). The mean shortening of
the radius was 5 mm (3 to 9) after cast application in frac-
tures that were immobilized in the overriding position. A
total of 11/12 of the operatively treated children’s fractures
were reduced anatomically. One fracture was pin fixed
in 4-mm dorsal displacement and in 2-mm shortening
(Table 1, case 17 ). Mean sagittal plane dorsal angulation
in the cast was 6° (2° to 17°) in the nonoperatively treated
children. In all, 11 operatively treated patients had dorsal
(mean 4° (0° to 11°)) and one volar (3°) angulation. Mean
radial angulation in the cast was 8° (0° to 16°) in nonop-
eratively treated patients and 4° (0° to 6°) after reduction
and pin fixation. Angulation of the associated ulna frac-
ture was clearly more pronounced than angulation of the
radius in the cast in one five-year old boy with 30° of radial
angulation in his ulna and 9° in his radius (Table 1, case 2).

Fig 1. a) Distal forearm fracture in a five-year-old girl (Table 1, case 3), which was immobilized with synthetic splints (above elbow
dorsal and a below elbow volar) applied in finger trap traction leaving the radius in bayonet position. Immobilization was discontinued
at four weeks. Complete radiographic remodelling is evident 43 months later; b) a similar distal forearm fracture in another five-year-old
boy (Table 1, case 14), which was treated by reduction and pin fixation under general anaesthesia. Synthetic splints and both pins were
removed four weeks after surgery. Radiographic result 43 months later.
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Table 1 Demographics, fracture type of the associated ipsilateral ulna fracture in 24 prepubertal children with an overriding distal metaphyseal radius
fracture. Range of movement and grip strength ratios at mean 3.3-year follow-up. Cases 1 to 12, immobilized in overriding position, and cases 13 to 24

reduced and pin fixed

Case Age, Sex Injured  Ulna fracture Length of Pronation Supination Extension Flexion Grip strength
number yrs side type immobilization* ratiof
1 4.8  Boy Left Greenstick 30 0.98 1.13 1.03 0.99 1
2 5.1 Boy Left Overriding 29 1 0.91 0.94 1.02 0.88
3 5.4  Girl"  Left Greenstick 31 1.07 0.83 1.08 1.1 0.88
4 5.8  Boy Right  Torus 30 0.85 0.88 1.08 0.97 1
5 5.9  Girl Left Torus 24 na na na na na
6 6.8  Girl Left Greenstick 32 0.96 1.06 1.02 0.8 0.95
7 6.9  Boy Left Greenstick 24 1 0.96 0.97 1.07 1
8 7.3 Boy Right  Greenstick 28 0.98 1.01 0.95 0.96 1
9 7.4 Girl Left Peterson | 28 0.84 1 0.98 0.89 1
10 8.6  Boy Left Greenstick 24 0.97 0.97 1.13 1.04 1
n 8.6  Boy Left Overriding 29 1.34 117 1.04 1.04 1.2¢
12 9.9 Boy# Left Greenstick 38 1 0.95 0.96 0.9 0.93
Mean 28.9 1 0.99 1.02 0.98
Median 29 0.98 0.97 1.02 0.99
Range 24 to 38 0.85t0 1.34 0.83to0 1.17 0.94 to 1.13 0.8 to 1.07
13 5 Girl Left Torus 27 (27) 1.05 1.08 1.01 0.87 0.7
14 5.3  Boy' Left Overriding 21 (21) 1.01 0.95 1.03 1.03 1
15 5.8  Boy Right Greenstick 25 (24) 0.99 0.98 1 0.94 1.14
16 6.2 Boy Right  Greenstick 32(31) 1.02 0.96 0.79 0.89 1.64
17 6.3  Boy Right  Torus 32(31) 0.84 1.07 0.87 1.21 1.06
18 6.8  Boy Left No 33 (31) 1.06 113 1.1 1.02 113
19 6.8  Girl Left Overriding 36 (36) 0.91 1.02 1.06 0.94 0.89
20 7.3 Girl Left Overriding 30 (30) 0.94 1.05 1 0.99 1
21 7.8 Boy Right  Overriding 22 (21) 0.85 0.98 112 0.95 1.06
22 8.3  Boy Right  Torus 32(32) 1 1.01 0.95 0.99 1
23 8.9 Boy™ Left Overriding 34 (32) 1.09 0.98 1 1.07 0.61
24 9.3  Boy Right No 45 (35) 1.02 0.82 1.08 1.01 117
Mean 30.8 (39.3) 0.98 1 1 0.99
Median 32(31) 1 0.98 1 0.99
Range 21 to 45 (21 to 36) 0.84 to 1.09 0.82t0 1.13 0.79 to 1.12 0.87 to 1.21
Dominant side in bold.
*days from injury to cast removal (days from pin fixation to cast removal)
tinjured/uninjured
fsustained right index finger fracture three weeks before follow-up examination
**Figure 1a and 3
t1Figure 1b
fFigure 4a and 4b
***Figure 4c and 4d
na, not available
The follow-up appointments for research purposes were Results

arranged at a mean 3.3 years (2.5 to 4.5) from the injury.
A professional photographer photographed both forearms
(Fig. 3). Two authors (AS and JK) not involved in treatment
of the patients, assessed asymmetry and measured fore-
arm and wrist range of movement (ROM) from the pho-
tographs, and registered possible axial deformity (Fig. 4)
and ulnar variance according to the method of Hafner"
from anteroposterior and lateral radiographs taken in neu-
tral forearm rotation. Grip strength (kg) of both hands was
recorded using a hydraulic handheld dynamometer (the
Jamar; Lafayette Instrument Company, Lafayette, Indiana)
by two different orthopaedic registrars (AS and JK). All the
patients were asked to complete the QuickDASH disability/
symptom score questionnaire' (0-100 points, O no disabil-
ity, 100 most severe disability) and the PedsQL Pediatric Pain
Questionnaire®™ (0 mm to 100 mm, O representing no pain
and 100 mm worstimaginable pain). Patients who practised
sports were also asked to answer the QuickDASH hobby
module. Complications from treatment were recorded.

J Child Orthop 2021;15:63-69

At follow-up none of the patients had a visible deformity
(Fig. 3). Mean dorsal angulation of the radius at 2.5 to 4.5
years follow-up was 2° in both treatment groups (0° to 5°)
(Fig. 4). Six nonoperatively and six operatively treated chil-
dren had 0° lateral angulation in follow-up radiographs.
At 3.3 years follow-up from the injury, the boy whose
ulna was immobilized in 30° of radial angulation, had
a straight looking radius with a radially 20° curved ulna
(Table 1, case 2). Ulnar variance was neutral or negative at
follow-up in all 24 cases, with no difference between the
treatment groups.

Forearm and wrist ROM showed no significant differ-
ences between the method of treatment in both injured
and uninjured sides (Table 1). In the affected side of all
24 children the mean recorded pronation was 81° (59° to
120°), supination 112° (79° to 123°), wrist extension 91°
(75° to 107°) and wrist flexion 88° (65° to 108°). The grip
strengths were equal or higher in the dominant hand in
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Fig 2. Angulation was measured in frontal and sagittal planes by measuring the angle between the longitudinal axes (red lines that
bisect the width of radius at two reference points) of the radius proximal and distal to the fracture. Shortening was measured from the

best available location.

all patients and there was no difference between the treat-
ment groups. Grip strength ratio (injured/uninjured) was
= 0.7 in two children that had their non-dominant radius
fractures reduced and pin fixed (Table 1).

In terms of the QuickDASH disability/symptom score,
23/24 of the patients scored O points and reported no
pain in the PedsQL Pediatric Pain Questionnaire. One
11-year-old girl that had her fracture pin fixed scored 4.5
points (scale O to 100) in the QuickDASH and reported
mild pain (21 mm, scale 0 mm to 100 mm) in the —ques-
tionnaire (Table 1, case 19). All patients reported that they
had returned to their previous daily and sport activities.

No complications were recorded in the nonoperatively
treated patients, whereas 2/12 operatively treated chil-
dren had complications: one six-year-old boy developed a
superficial pin site infection that healed with wound ther-
apy and per oral cephalexin (Table 1, case 17). One sev-
en-year-old boy’s fracture alignment was lost within days
after his pin was removed at three weeks from surgery
(Table 1, case 21). His fracture malunited in 35° of apex
volar angulation. Therefore, a corrective osteotomy was
performed five weeks from the fracture.

66

Discussion

According to the literature, reduction of overriding distal
metaphyseal radius fractures in children has been a standard
of treatment."? Loss of reduction has been described in 29%
to 91% of these fractures during casting.**#41> Both-bone
fracture, complete displacement of the distal radius fracture
and non-anatomical reduction are risk factors for redisplace-
ment in the cast, according to a meta-analysis by Sengab et
al" recommending reduction and pin fixation of displaced
distal radius fractures in paediatric patients regardless of
their age. The superiority of reduction and percutaneous
pin fixation over reduction and cast-immobilization could
not, be proven in a randomized controlled treatment study
in ten- to 14-year-old skeletally immature patients with com-
plete fractures of the distal radius metaphysis.® In this study
7/18 children treated primarily without pins had loss of
reduction with re-reduction under anaesthesia in four cases.
On the other hand in another study, 6/16 children that had
their fractures primarily pinned, developed pin-related com-
plications, of which two were treated under anaesthesia.’
Miller et al'® did not find any significant differences in the

J Child Orthop 2021;15:63-69
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Fig 3. This nine-year-old girl sustained an overriding distal metaphyseal fracture of her left radius and an associated greenstick type
fracture of her left ulna at five years of age (Table 1, case 3). Her fractures were treated with synthetic splints (above elbow dorsal and
below elbow volar) leaving the radius fracture displaced in an overriding position: a) forearms, anterior view; b) forearms, dorsal view;
c) forearms, ulnar view; d) passive wrist flexion; e) passive wrist extension; f) active pronation; g) active supination; h) active ulnar

deviation; i) active radial deviation.

costs or in the final outcome between patients treated with
casting or with pins. The results of our study support these
earlier findings, demonstrating that pin fixation is effective
in preventing loss of reduction, also in children younger
than ten years old. Pin-related complications (2/12) were
less common in our patients than in the study of Miller et

J Child Orthop 2021;15:63-69

al,’®. We are not aware of any previous studies comparing
reduction and pin fixation to cast immobilization leaving the
distal metaphyseal radius fracture in a bayonet position.
Crawford et al® published a consecutive series of 51
children (three to ten years old) with an overriding dis-
tal radius fracture treated without formal reduction. They
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Fig 4. The two patients’ (Table 1, cases 12 and 23) with the most pronounced radiographic deformity of radius in both treatment
groups with 5° of apex volar angulation of the radius (a, b — cast immobilization in bayonet position, ¢, d — reduction and pin fixation).
Both children reported normal pain free upper limb functions at follow-up (three years and 4.4 years, respectively).

corrected their patient’s visible axial wrist deformity, but
the fractures were left displaced and immobilized in bay-
onet position with a below elbow cast with good clinical
and radiological results at a minimum one-year follow-up.
They did not register forearm and wrist ROM or document
any patient-reported outcomes, however. We measured
forearm rotations and wrist movements from the photo-
graphs. The ratio of ROM between injured and uninjured
forearms and wrists were similar in both groups, with
mean and median values at or close to ratio 1.0 (Table 1).

Do et al' suggested that 15° of primary angulation
and 10 mm of shortening is acceptable in distal forearm
fractures in boys < 14 years old and girls < 12 years old.
The results of our study support these findings in the
prepubertal census population, since up to 17° of dorsal
angulation and 9 mm of shortening remodelled well in
our patients. The only patient in our series with a clear
residual deformity on radiographs at a 3.4-year follow-up
was the five-year-old boy who was casted at a radial angu-
lation of 9° in the radius and 30° in the ulna (Table 1, case
2), which is more than Do et al' and Wilkins? estimate to

68

remodel. The patient had no visible deformity, however,
and despite 12° of supination discrepancy he and his par-
ents were satisfied with the cosmetic and functional result.

The present study had several limitations. The first lim-
itation is the small number of patients in both treatment
groups. Secondly, pin fixation was not performed in a uni-
form way and in one patient the pin was removed at three
weeks, one week earlier than in all others. Thirdly, the 12
operatively treated children represent only 39% of all pin
fixed patients at our institution during the study period,
therefore, the results concerning the quality of pin fixation
in our hands should be assessed with caution. Fourthly, the
two treatment groups were not homogenous concerning
the type of associated ulna fracture, which may have influ-
enced the outcome. Fifthly, we did not arrange routine
follow-up for the patients after cast and pin removal and
Kirschner-wire removal and thus possible differences in
early recovery between the treatment groups could not be
evaluated. Furthermore, the method used in our study to
measure active forearm rotation is not completely accurate,
since it is difficult to control children to keep their wrists in

J Child Orthop 2021;15:63-69
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a neutral position during the assessment. The bimanually
self-tested passive wrist extension and flexion in our study is
also susceptible to error and potentially a too low maximum
value for the wrist with better ROM was recorded. The abso-
lute values of forearm and wrist ROM were, however, good;
itis doubtful that a more accurate measuring method would
have given clinically more valuable data. This assumption
is supported by the fact that all but one surgically-treated
child reported no functional restrictions at follow-up in the
QuickDASH nor pain in the PedsQL. The strength of this
study is the very high follow-up rate, with 23/24 (patients
seen in the outpatient clinic at 2.5 to 4.5 years after treat-
ment). One patient was interviewed by phone and agreed
to attend the radiographic follow-up, but declined the clin-
ical examination because according to his parents’ assess-
ment he had made a full functional recovery of his injury
(Table 1, case 5). This is to our knowledge the first study
comparing subjective, functional and radiographic results
of castimmobilization without formal reduction and pin fix-
ation in distal metaphyseal radius fractures in children.

Conclusions

The results of this study do not demonstrate the superior-
ity of reduction and pin fixation over cast immobilization in
the bayonet position of closed overriding distal metaphyseal
radius fractures in children under ten years with normal neu-
rovascular findings. Pin fixation requires anaesthesia, involves
arisk of infection and necessitates pin removal. A randomized
controlled trial is warranted to verify the results of this study.
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