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ABSTRACT

INTRODUCTION Surgical procedures to manage trauma to the wrist, forearm and elbow in children are very common. Image
intensifiers are used routinely, yet studies/guidelines that quantify expected radiation exposure in such procedures are lacking.
METHODS Information on demographics, injury type, surgeon grade and dose area product (DAP) of radiation exposure per
procedure was collected prospectively for 248 patients undergoing manipulation/fixation of injuries to the elbow, forearm or
wrist at a paediatric hospital over 1 year.
RESULTS DAP exposure (in cGycm2) differed significantly across different procedures (p<0.001): wrist manipulation under
anaesthesia (MUA; median, 0.39), wrist k-wiring (1.01), forearm MUA (0.50), flexible nailing of the forearm (2.67), supracondylar
fracture MUA and k-wiring (2.23) and open reduction and internal fixation of the lateral humeral condyle (0.96). Fixation of a
Gartland grade-3 supracondylar fracture (2.94cGycm2) was associated with higher exposure than grade-2 fixation (1.95cGycm2)
(p=0.048). Fractures of the wrist or forearm necessitating metalwork fixation resulted in higher exposure than those requiring
manipulation only (both p<0.001). For procedures undertaken by trainees, trainee seniority (between year-5 and year-8 and
clinical fellow, p≥0.24) did not affect the DAP significantly.
CONCLUSIONS The spectrum of radiation exposures for common procedures utilised in the management of paediatric upper
limb trauma were quantified. These findings will be useful to surgeons auditing their practice and quantifying radiation-associ-
ated risks to patients. Our data may serve as a basis for implementing protocols designed to improve patient safety.
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Fractures of the upper limb are the most common fractures
observed in children.1 Fractures of the distal radius, forearm
and supracondylar humerus alone account for ≈50% of bony
injuries in childhood.1,2 Manipulation and fixation of these
fractures are, therefore, among the most common proce-
dures undertaken in children.1 Confirmation of accurate
reduction of the fracture and fragment fixation necessitates
radiography with C-arm image intensifiers. These portable
machines allow real-time radiographic review of anatomical
structures, but raise concerns with regard to radiation expo-
sure.3–5

Only a few studies have quantified the relative exposure
to radiation using different spatial C-arm configurations.6–8

Studies on quantification of the absolute radiation exposure
that patients can expect for common index procedures to
manage upper-limb trauma in children are lacking, making
it difficult to set standards and assess performance. Sur-
geons have a responsibility to provide the best possible care
and to avoid the harmful effects of medical intervention. The
primary concern is to achieve adequate fracture reduction

(and, if required, fixation) but the amount of radiation expo-
sure should also be a concern to surgeons. Junior and senior
doctors have been reported to have poor awareness of the
radiation doses associated with medical imaging.9 Surgeons
may, on occasion, suspect that a particular procedure has
necessitated considerable amounts of radiation but cannot
quantify radiation exposure with respect to population
norms.

We wished to quantify radiation exposure for the most
commonly undertaken procedures for upper-limb trauma in
children. A secondary aim was to ascertain if injury-related
or surgeon-related factors influence radiation exposure.

Methods

In this cross-sectional study, data were collected prospectively
on all patients undergoing manipulation/fixation of injuries
to the elbow, forearm or wrist at the Royal Hospital for Sick
Children (RHSC; Edinburgh, UK) between June 2013 and
June 2014. Patients underwent open or closed treatment in an
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operating theatre (at the time of this study, paediatric frac-
tures were not manipulated under local anaesthesia or seda-
tion in the emergency department of the RHSC). The image
intensifier was operated by a radiographer in all cases. Infor-
mation on patient demographics, injury type, surgeon grade
and the dose area product (DAP) of radiation exposure (meas-
ured in centiGray square centimetres (cGycm2)) per proce-
dure was recorded for all cases. The DAP was measured by
an inbuilt DAP meter on the image intensifier. Imaging was
undertaken using Arcadis Varic image intensifiers (Siemens,
Munich, Germany). A pulsed method (one pulse per second)
was employed, and the dose, brightness and contrast were
optimised automatically during image acquisition. Proce-
dures were undertaken by 16 surgeons: 10 orthopaedic train-
ees between the fifth (ST5) and eighth year of orthopaedic
training (ST8), a staff grade, a clinical fellow, and four
consultants.

Statistical analyses

Statistical analyses were undertaken using SPSS v22 (IBM,
Armonk, NY, USA). Shapiro–Wilk testing and Q–Q plots dem-
onstrated that data for radiation exposure did not have a nor-
mal distribution. Non-normally distributed continuous data
are reported with median values and ranges, and were ana-
lysed across groups using the independent-sample Kruskal–
Wallis test (ISKWT) if there were more than two groups and
the independent-sample Mann–Whitney U-test (ISMWUT) if
there were two groups. Spearman’s rank co-efficient was
used to assess the relationship between training year and
radiation exposure for an individual procedure. p<0.05 was
considered significant.

Results

Two hundred and forty-eight patients underwent 259 proce-
dures on the humerus, radius or ulna for trauma during the
study period (Table 1). There were 169 males and 79 females
with a median age of 7 years at the time of injury (interquar-
tile range, 5 years) and 107 right-sided, 148 left-sided and 2
bilateral procedures. The primary surgeon was identifiable in
241 cases (93%) and two primary surgeons were identified in
1 case (0.4%). The primary surgeon could not be identified in
17 cases (6.6%). Of those with a single identified primary sur-
geon, 92% of procedures were done by trainee surgeons, and
a consultant was present in 40% of cases.

Eleven patients underwent more than one procedure
simultaneously and were excluded from calculations relat-
ing radiation exposure to injury type because the amount of
radiation attributable to each injury could not be differenti-
ated. Therefore, radiographic exposures were analysed for
237 procedures in 237 patients.

Median DAP exposures for various upper-limb injuries in
the paediatric population are quantified (Table 2, Fig 1) and
reported together with the range (absolute range and inter-
quartile range) of experienced exposures. Differences in
exposure across the procedure types were significant
(p<0.001, ISKWT). Fractures of the forearm (p<0.001, ISM-
WUT) and wrist (p<0.001, ISMWUT) necessitating fixation
with metalwork were associated with higher exposure to

radiation than their counterparts at the same anatomical
sites necessitating manipulation only.

For procedures carried out primarily by a trainee, we could
not identify a correlation between year in training (ST5–ST8
or clinical fellow) and radiation exposure for any procedure
type (Spearman’s rank correlation coefficient): wrist manipu-
lation under anaesthesia (MUA) (�=0.03; p=0.85), wrist k-wir-
ing (�=–0.19; p=0.24), forearm MUA (�=0.04; p=0.81),
supracondylar MUA and k-wiring (�=0.14; p=0.39). These
analyses were not undertaken on fixation of the lateral con-
dyle, flexible nailing of the forearm, or open supracondylar
fixation due to the relatively small numbers of these
procedures.

Supracondylar fractures were graded according to the
Gartland classification system.10 Only type-2 and type-3 frac-
tures were encountered because Gartland type-1 fractures
are managed by non-surgical methods. Radiation exposure
(in cGycm2) was higher (p=0.048, ISMWUT) in Gartland
type-3 injuries (median, 2.94; 25th percentile, 1.74; 75th per-
centile, 6.21; range, 0.67–17.23) than Gartland type-2 inju-
ries (1.96; 1.30; 3.42; 0.47–8.88).

Discussion

Radiation exposure for commonly undertaken paediatric
trauma procedures was quantified over a range of cases car-
ried out by multiple surgeons. Fractures of the wrist or fore-
arm necessitating fixation were associated with higher

Table 1 Procedures for management of upper-limb trauma
undertaken during the study period

Procedure Number of cases

MUA + POP distal radius 45

MUA + k-wiring distal radius 57

MUA + POP forearm 56

MUA + flexible nails forearm 13

ORIF forearm (plates and screws) 3

Radial head MUA 2

Radial head flexible nail manipulation 3

Open reduction elbow 1

MUA + k-wiring supracondylar fracture 60

Open reduction supracondylar fracture 2

ORIF humeral lateral condyle 13

ORIF medial condyle 1

ORIF medial epicondyle 1

EUA wrist* 1

EUA elbow* 1

MUA = manipulation under anaesthesia; POP = plaster of Paris;
ORIF = open reduction and internal fixation;
EUA = examination under anaesthesia.
*Both EUA were undertaken at the same time as other procedures.
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Table 2 Dose area product exposure (in cGycm2) for procedures to manage upper-limb trauma in children

N Median exposure

(50th percentile)

25th Percentile 75th Percentile Range

MUA distal radius 40 0.39 0.19 0.64 0.08–1.98

Wrist k-wiring 50 1.01 0.56 1.93 0.25–7.41

Forearm MUA 56 0.50 0.26 0.68 0.04–7.65

Forearm flexible nailing 13 2.67 1.38 5.27 0.36–11.29

Open reduction and k-wires elbow 2 6.58*

MUA + k-wires Supracondylar 54 2.23 1.50 3.92 0.47–17.23

ORIF lateral humeral condyle 13 0.96 0.62 2.32 0.30–3.11

MUA = manipulation under anaesthesia; ORIF = open reduction and internal fixation
*This value is based on two procedures and should be interpreted with caution.
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Figure 1 Graphs showing distribution of measured dose area product (cGycm2) for wrist manipulation under anaesthesia (MUA) (a), wrist
k-wiring (b), forearm MUA (c) and supracondylar MUA + k-wiring (d)
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radiation exposure than those requiring manipulation only.
Supracondylar fractures with more severe fracture patterns
were associated with higher exposure to radiation.

Radiographs are used to guide reduction and fixation of
fractures in the operating theatre. They are linked to poten-
tial risks, including carcinogenesis,11 and these risks are
higher in children.12 UK legislation mandates periodic audit
of practice relating to medical exposure to ionising radia-
tion,13 whereas European Union legislation14 requires use
of diagnostic reference levels (DRLs). DRLs for departmen-
tal radiographs are available widely,15–17 and provide useful
standards against which to audit practice. However, data for
C-arm image intensifiers are lacking. Three diagnostic pro-
cedures (none of which are orthopaedic) are included in UK
guidelines,16–17 but studies/guidelines that quantify radia-
tion exposure in procedures for upper-limb fractures are
lacking. This hiatus raises concerns about the ability to audit
practice and to quantify exposure risks to patients. Clini-
cians have been reported to have poor insight into radiation
exposure associated with medical imaging,9 but improving
awareness is challenging in the absence of guidelines or
studies characterising expected radiation exposure. The
DAP is calculated by multiplying radiation dose by irradia-
tion area, and 75th-percentile values are used to determine
the DRL.12,16–19 The DAP is a more reliable indicator of over-
all stochastic risk of adverse events (eg induction of cancer)
than the dose in isolation.20 Image intensifiers are fitted
with DAP meters, which facilitates monitoring.

At the RHSC, the DAP associated with a chest radiograph
is 13cGycm2 for those aged 1–5 years and 25cGycm2 for
those aged 6–10 years. Exposures for upper-limb trauma
are, in general, relatively low. The highest recorded expo-
sure in our series (17.23cGycm2 for a supracondylar fracture
MUA and k-wiring) equates to approximately one chest
radiograph, which is known to be associated with a low sto-
chastic risk of inducing malignancy (1.3 per one million
males and 1.9 per one million females).12 However,
unnecessary risks must be minimised and furthermore the
legal/ethical requirements for audit and monitoring dis-
cussed above are not absolved by the relatively low radiation
doses in these procedures.

Our finding that different procedures are associated with
different radiation exposures are unsurprising: a supracon-
dylar fracture and distal radial fracture present different
management challenges and degrees of complexity.
Observed variations in exposure for individual procedure
types may be due (at least in part) to varying degrees of
injury complexity, as demonstrated by the association
between radiation exposure and Gartland grade of supra-
condylar fractures. Higher exposures were observed in frac-
tures necessitating fixation, which may reflect increased
instability or use of radiation to monitor metalwork place-
ment in these fractures.

We acknowledge that these results represent the experi-
ence from a single institution and, therefore, may not be
entirely representative of the experience of other institu-
tions. However, the reported values represent practice by
several surgeons, and the fracture-management protocols
they used are not controversial. We hope that our study will

raise awareness of the importance of monitoring radiation
use in the operating theatre. We also hope that it will stimu-
late more widespread data collection, which would facilitate
data pooling to enable formation of UK guidelines. Such data
and standards would facilitate audit of practice and enable
surgeons to identify cases in which large amounts of radia-
tion are used. Surgeons who consistently use larger amounts
of radiation than their colleagues should re-examine their
practice to ascertain if such use is justified (eg complex sub-
specialist practice) or whether measures to reduce over-
exposure are required. Training in reduction of radiation
exposure may be required if high exposures are not
justified.

Some authors have suggested protocols in which the sur-
geon is informed intra-operatively if specific threshold expo-
sures have been surpassed, and for mandatory review of
each case surpassing the 95th percentile, to ascertain if the
exposure was justified.21 These measures could improve
surgeon awareness and patient safety. We have instituted a
similar system at the RHSC, and discuss outlying cases at
morbidity and mortality meetings. Higher radiation doses
may be justified (eg in complex cases) and case review does
not necessarily imply wrongdoing. Discussion of such cases
could provide excellent learning opportunities (or identify
deficiencies that can be addressed).

We could not identify a relationship between trainee
seniority (second half of training) and radiation exposure.
Junior trainees do not work at the RHSC, and these find-
ings must be interpreted in this context. Comparison of
senior trainees with junior trainees to ascertain if radiation
use decreases initially in the earlier stages of training
before plateauing would be interesting. Furthermore, we
acknowledge that this may represent type-II error but iden-
tification of such a relationship was not a primary aim of
the study.

The present study had two main limitations. First, we did
not include radiation data for the 11 patients undergoing two
simultaneous procedures, but this group accounted for 4.4%
of the cohort. Second, analysis of injuries according to frac-
ture classification or use of metal fixation results in some
standardisation, but there is potential for some variation
within each group. This scenario reflects the spectrum of
injuries commonly encountered in standard practice, and
which we believe is accounted for in our report of exposure
ranges. Further research should focus on the analysis of pre-
operative predictors of increased exposure to radiation so
that patients can be counselled adequately and modifiable
risk factors corrected preoperatively.

Conclusions

Radiation exposure in the acute management of paediatric
upper-limb trauma is dependent on injury type and the pro-
cedure being undertaken (though considerable variation
can be expected for a given procedure). We have quantified
the spectrum of radiation exposure encountered by multiple
surgeons over the most commonly undertaken procedures.
These findings may facilitate audit of practice and quantifi-
cation of radiation-associated risks to patients. It may also
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serve as a basis for the development of protocols to review
outlying cases and improve patient safety.
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