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Abstract

Purpose: Flexible intramedullary nailing is regularly applied for pediatric displaced unstable forearm fractures. When
compared to closed reduction and casting (orthopedic treatment), flexible intramedullary nailing decreases malalignment,
shortens immobilization time, and should decrease follow-up controls. Comparing flexible intramedullary nailing and
orthopedic treatment in the clinical, radiological, and financial managements of these fractures was performed.
Methods: Retrospective 5years study of pediatric cases in two pediatric orthopedic university departments. Treatment
method, post-operative course, and radiological follow-up were reviewed. Number of radiographs, follow-up controls,
type and duration of immobilization, final bone angulation, and reported complications were compared. Extensive
financial analysis was completed.

Results: Of 73 girls and 168 boys included in the study, 150 were treated by flexible intramedullary nailing and 91 by
orthopedic treatment. No difference was noted with regard to total number of radiographs (7.3 vs 7.2, respectively).
Total number of follow-ups was 6.4 and 5.5, respectively. Malalignment occurred in two flexible intramedullary nailing
and sixteen orthopedic treatments. The least expensive cost was ambulatory orthopedic treatment.

Conclusion: Flexible intramedullary nailing treated children had similar numbers of radiographs or follow-up consultation,
but less malunion when compared to orthopedic treatment. Orthopedic management was systematically cheaper than
flexible intramedullary nailing. Unless post-operative management guidelines decreasing the number of radiographs
and follow-ups are implemented, flexible intramedullary nailing will remain a costly procedure when compared to
conventional orthopedic treatment.

Level of evidence: level lll case—control retrospective study.

Keywords: Fracture, forearm, child, flexible intramedullary nailing, follow-up

Introduction under anesthesia. Regular follow-up appointments with
timely performed imaging studies are therefore necessary.

Forearm fracture is very common in children and repre- 5 ol defined follow-up scheme plays a major role in the

sents 59% of all fractures encountered between 0 and
9years of age.! For displaced and unstable diaphyseal
forearm fractures, flexible intramedullary nailing (FIN)
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success of the OT management in children with displaced
forearm fractures.

Compared to OT, FIN does not allow secondary dis-
placement and decreases the risk of malalignment. This
relative stability allows for early mobilization. Unless
open reduction is required, the natural bone healing pro-
cess is not affected. Moreover, the number of clinical and
radiological follow-ups in these children should be miner-
alized. These relevant FIN treatment principles and advan-
tages should be similar whatever bone is treated.

Even though FIN has given excellent results with regard
to anatomical reduction and stabilization, OT is still a
widely performed in the management of pediatric upper
extremity fractures. Only one study compared the clinical
and radiological follow-up processes of these two means
of treatment.'” Financial consequences of both treatments
based on national billing processes were rarely evalu-
ated.!'"!* The impacts of FIN on the follow-up manage-
ment scheme of children with forearm fractures is of major
clinical and socio-economical interest. The progressive
shift to FIN in the best practice management for this frac-
ture makes it further interesting to investigate.?>

The hypothesis for this study was based on the feeling
that the number of follow-ups appointments and radiologi-
cal evaluations were paradoxically not reduced in patients
treated with FIN. Similarly, the length of immobilization
following FIN seemed to be more than necessary. The pur-
poses of this study were to compare OT and FIN in terms
of number of clinical and radiological follow-ups, length
of immobilization, and overall costs, taking into account
post-reduction complications.

Method

A Syears retrospective study of all cases treated in two
neighboring pediatric orthopedic university services was
performed (January 2010 to December 2014, Lausanne
and Geneva, Switzerland).

Displaced diaphyseal forearm fractures are uncom-
mon in children less than 4years old. They are treated
mainly conservatively because of both remodeling poten-
tial and higher risks of complications if an operation is
performed.'>"'7 Patients over 14 years old are adolescent
whose closing growth plates have significant impact on
the healing process.'!” The selected patients were
4—14years of age to increase the homogeneity of the
studied population.

Using the AO Foundation classification,?’ only diaphy-
seal fracture (defined as exterior to the square long as ulnar
and radial growth cartilage added) affecting both ulna and
radius were included in the study. All cases had a reduction
performed under general anesthesia. One group consisted
of children treated by closed reduction and FIN. The sec-
ond group included each child who benefited from closed
reduction and long-arm cast immobilization (OT). This

reduction procedure was used as the baseline for data col-
lection and follow-up assessment.

The exclusion criteria included children with closed
growth plates, refracture defined as occurring within 1 year
of a previous fracture, fractures treated by open reduc-
tion,'>?! patients with chronic diseases affecting the mus-
culoskeletal system, or children with a psychiatric
disorders. Patients lost to follow-up were also excluded.
The patient’s demographic data recorded included age,
gender, time of reduction with respect to time of injury,
fracture type, and intervention and time to hardware
removal.

The recorded length of immobilization was the number
of days between application and removal of any type of
cast. The evaluation of immobilization did not include
temporary  post-operative  splints and  bandages.
Institutional guidelines for the management of pediatric
fractures in the two hospitals served as the basis for the
evaluation of the length of immobilization.

Any pre-operative and perioperative studies such as
fluoroscopy were counted. Post-operative radiographs
included planned and unplanned studies, as well as the one
ordered in cases of secondary displacement or other com-
plication. Radiographs performed after hardware removal
were also included.

Malunion was defined as an angulation >10degrees
measured on either the last radiograph of the ulna and/or
radius. The number of consultations included all planned
and unplanned patient encounter with a physician follow-
ing the initial treatment of the fracture under general anes-
thesia until the final follow-up when the fracture was
considered as healed without complications.

The complications included cast issues requiring modi-
fication, hardware infection, nerve, or tendon injury as
well as secondary hardware bending. A refracture was
defined as a fracture occurring within 1 year following the
first fracture.?? Bone complications such as secondary dis-
placement, delayed union, or pseudoarthrosis as well as
any other noted complication were recorded.

Ambulatory treatment was defined as a fracture man-
agement which did not require one-night stay in hospital.
The number of nights was calculated for each hospitalized
child.

The level of training of the treating doctors was classi-
fied in three categories (specialist, in-training, or unspe-
cialized). The specialist was a fully trained pediatric and/
or orthopedic surgeon. The doctor in-training was a fellow
with at least Syears of post-graduate experience. The
unspecialized doctor was a junior doctor rotating in the
department with less than 5years of post-graduate educa-
tion. Both the surgeon at the time of initial management as
well as the doctors supervising the follow-up appointments
were assigned to one of these three categories.

The financial analysis focused on costs calculated
according to the Swiss tarification system (TARMED)?
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for ambulatory medicine and based on the Swiss Diagnosis
Related Groups system (DRG)?* for stationary manage-
ment. Total costs were estimated for an uncomplicated
case who benefited from standard OT or FIN management
and regular out-patient follow-up appointments. Costs
were expressed in Swiss francs (CHF).

Using the hospital financial database, every surgical
intervention codes related to the management of uncom-
plicated displaced diaphyseal forearm fracture were identi-
fied in the Swiss Classification of Surgical Intervention
Index (CHOP codes).?® Various commonly used ambula-
tory billing positions were identified, such as the ones for
a standard physical examination, 15 min discussion, radio-
graphic analysis and review, upper arm cast application or
removal, and so on.

Each CHOP code relevant to the study was used to
identify eligible pediatric patients in the billing informa-
tion system from the Lausanne Hospital financial database
over a l-year period. More the 5000 initial and 14,000
follow-up treatments TARMED positions were used to
estimate total costs on a patient basis, whether treated by
OT or FIN. Financial billings concerning emergency
(within 12h of unplanned admission) versus delayed
(planned for the next day) management were incorporated
in the estimates. The administrative in- or out-patient reg-
istrations were also used for the initial management final
cost estimates. The costs of ambulatory hardware removal
under general anesthesia were calculated and added, when
appropriate.

Statistical analysis was descriptive and comparative,
using R v.3.1.3 and his graphic interface RStudio.
Comparison between FIN and OT groups was done with
t-test of Student’s non-paired for the continuous variables
and with a y? test for the dichotomic variables.

Results

Over the study period, 538 children sustained a forearm
fracture of which 299 had a significantly displaced diaphy-
seal forearm fracture needing reduction. Fifty-eight chil-
dren were excluded. The remaining 241 children were
used as the basis for the study.

Table 1 summarizes the distribution of children in the
two groups with regard to demographic data as well as out-
come measures.

There were twice as many boys than girls (168 and 73,
respectively). This 2.3 to 1 gender proportion was similar
in both FIN and OT groups. One hundred fifty children
benefited from FIN and 41 had an OT. The mean age was
9.9years (standard deviation (SD)=2.8) in the FIN group
and 7.4 years (SD=2.6) in the OT group.

Most fractures (73.7%) affecting the radius or/and ulna
were complete simple transverse or oblique (AO types
22-D/4.1 or 5.1). Of the remaining fractures, 24.1% were
green stick (AO type 22-D/2.1) and 2.3% buckle (AO type

22-D/1.1). A Gustilo I open fracture was noted in 23 cases
(9.5%). The proportion of open fractures was twice as high
in the FIN group when compared to the OT group (11.3%
and 6.6%, respectively). In six children, one bone with a
complete fracture was stabilized with FIN, while the other
bone had a buckle fracture realigned. These six cases were
included in the FIN group.

Overall, the length of immobilization was a mean
19.2days (SD=13.6) in the FIN group and 58days
(SD=18.1) in the OT group. The total number of radio-
graphs was similar in both groups (mean=7.3 in FIN
group and 7.2 in OT group). The total number of follow-
ups consultations was statistically significantly higher
with a mean 6.4 (SD=2.2) in the FIN group compared to
5.8 (SD=2.1) in the OT group (95% CI=0.1 to 1.2,
P=0.034). From the 241 patients, 38 suffered of a compli-
cation. Although higher in the OT group (17.6%) than in
the FIN group (14.7%), the percentage of complications
was not statistically different. Refracture occurred in three
FIN cases and in five OT cases. Cast issues were noted in
nine FIN cases and five OT cases. Infection occurred in
four FIN cases. Bone complications (secondary displace-
ment and/or pseudoarthrosis) occurred in one FIN and six
OT cases. Five children with FIN suffered from nail issues.
Other complications included wrist pain and persistent
hand numbness occurred in three cases.

The final bone angulations were of a mean 4° (radius
and ulna) in the FIN group and 6° (radius) and 7° (ulna) in
the OT group. The difference was statistically significant
only for the ulna. Malunion was measured in two children
(one radius and two ulna) of the FIN group and in sixteen
children (11 radius and 19 ulna) of the OT group. This dif-
ference was statistically significant. The length of stay in
hospital was on average one night for the FIN group. In the
OT group, half of the patients were hospitalized for one
night. This difference was statistically significant.

The analysis of the 203 uncomplicated cases alleviating
the complication bias was summarized in Table 2. One
hundred forty-three were boys (70%) and 60 were girls
(30%). The average age remained higher in the FIN group.
The type of fracture was identical in both groups and the
length of hospitalization remained longer in the FIN group.

None of the uncomplicated FIN cases had a final radius
angulation over 10°, compared to 8% of the OT cases
(n=06). With regard to the ulna, 1.5% (n=2) of FIN patients
had a final angulation over 10°, while it was 16% (n=12)
in the OT group. The difference was statistically signifi-
cant. The mean length of time between FIN and hardware
removal was 260.5 days (range="71-532 days).

With regard to the level of training of the treating doc-
tors, the analysis was summarized in Table 3. In the FIN
group, unspecialized doctors immobilized patients longer
(24 days) compared to doctors in-training (15days) and
specialized surgeons (16 days). The more trained the doc-
tor was, the more the child was hospitalized following
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Table I. Distribution of cases with regard to gender, age, fracture type, duration of immobilization, number of consultations,
malunion, and complications.

Total FIN group  Conservative = Comparison between FIN

(n=241) (n=150) group (n=91) and conservative groups

P 95% ClI Effect size

Female, n (%) 73 (30.3%) 45 (30.0%) 28 (30.8%) 1.000 -13.5t0 12.0 <0.001
Age, mean (SD), years 89 (2.9) 9.9 (2.8) 7.4 (2.6) <0.001* 1.8to0 3.2 0.930
Open fractures, n (%) 23 (9.5%) 17 (11.3%) 6 (6.6%) 0.323 -33to 128 0.080
Time of hospitalization, mean (SD), days 0.83 (0.70)  1.05 (0.69) 0.47 (0.54)  <0.001* 0.42 t0 0.73 0.903
Time of immobilization, mean (SD), days 339 (244) 192 (13.6) 58.0 (18.1) <0.001* -43.2to —-34.5 2.523
Total number of consultations, mean (SD), n 6.2 (2.2) 6.4 (2.2) 5.8 (2.1) 0.034* 0.1 to 1.2 0.280
Total number of radiographies, mean (SD), n  7.30 (2.23)  7.34 (2.24) 7.23 (2.21) 0.712 -0.47 to 0.69 0.049
Residual angle—radius >10°, n (%) 12 (5.0%) 1 (0.7%) I (12.1%) <0.001* =19.1 to 3.7 1.086
Residual angle—ulna >10°, n (%) 21 (8.7%) 2 (1.3%) 19 (20.9%) <0.001*  -29.0 to —-10.1 2.025
Patients with complications, n (%) 38 (15.8%) 22 (14.7%) 16 (17.6%)  0.675 -7.6to 135 0.014

FIN: flexible intramedullary nailing; Cl: confidence interval; SD: standard deviation.
Statistical tests used were un-paired Student’s t-test when results are presented mean (SD), and two-sample y? test when results are presented n (%).
“Significant differences between Groups | and 2 were considered at P <0.05 level.

emergency treatment. In-training surgeons waited more
before removing the hardware (mean 269 days). In the OT
group, no significant difference was highlighted between
the three levels of trainings.

Based on the Swiss billing systems (TARMED and
DRG), an initial ambulatory FIN treatment was estimated
to be billed CHF 2299, if the case was urgent and CHF
2207, if the case was planned with a minimum of 24h
notice. In-patient urgent treatment was CHF 5825, and
raised to CHF 6834, if the case could be planned for the
next day.

An ambulatory urgent OT treatment was billed an esti-
mated CHF 1430 and CHF 929, if performed on an elec-
tive basis. In-patient OT treatment was estimated at CHF
3865 for urgent cases and CHF 3286 for elective cases.
The hardware removal was estimated at CHF 1572 and
mostly performed on an ambulatory basis.

A follow-up consultation was billed an average CHF
84. A standard antero-posterior (AP) and lateral forearm
radiograph was billed CHF 67. The average cost for the
first emergency consultation was estimated at CHF 244,

In summary, following a displaced forearm fracture
needing manipulation under general anesthesia, the costli-
est management was a non-urgent in-patient FIN treat-
ment. The lowest billing was calculated for a planned
ambulatory OT management.

Discussion

In the management of pediatric fracture, early mobiliza-
tion without secondary fracture displacement has been
one of the main benefits of nailing. It has been part of the
success of FIN since its introduction in the early 80s.
Surprisingly, this advantage was never assessed in the
forearm, with regard to potential radio-clinical

follow-up benefits as well as costs saving. With close
reduction and casting, forearm fracture needs regular
follow-up radiographs, as up to 30% secondary displace-
ments have been described. Luther et al.!! have shown
how regular check-up radiographs could be decreased in
order to save costs. Intuitively, in non-baring bones such
as the forearm, using a technique that allows sufficient
stabilization without the need for immobilization should
decrease both follow-up appointments and control radio-
graphs, thus decreasing overall costs. Following through
literature review, one recent study assessing the costs
and effectiveness of FIN and OT in the treatment of fore-
arm fractures in children was identified.'’ Focusing on
the emergency treatment costs, Adam et al. did not assess
the follow-ups with regard to the clinical outcome, cast,
and hardware management as well as radiological evalu-
ations. These were specifically the aims of our original
study.

The population of both groups was homogeneous
with regard to gender distribution. Children in the FIN
group were an average 2.5years older than in the OT
group. This trend for using nails in older children was
most likely a direct consequence of the surgeon’s choice
at the time of injury, knowing that bone remodeling
potential starts to decrease around 8—10years of age.!’
Of note, more post-operative complications are reported
in children over 10years of age treated by FIN, when
compared to OT.!>2¢

According to the internal guidelines of both University
hospitals, forearm fractures treated orthopedically should
have been immobilized a minimum of 42days. FIN
patients should have benefited from some kind of forearm
protection for 15days (cast, brace, or sling). In this study,
a majority (85%) of injured children treated by OT were
immobilized for a longer period (average 58 days). This
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Table 2. Distribution of uncomplicated cases with regard to gender, age, fracture type, duration of immobilization, number of

consultations, and malunion.

Total FIN group  Conservative Comparison between FIN

(n=203) (n=128) group (n=75) and conservative groups
P 95% ClI Effect size
Female, n (%) 60 (29.6%) 37 (28.9%) 23 (30.7%) 0916 -15.0to 124 <0.001
Age, mean (SD), years 8.9 (3.0) 9.8 (2.8) 7.3 (2.6) <0.001* 1.7 to 3.2 0913
Open fractures, n (%) 19 (9.4%) 14 (10.9%) 5 (6.7%) 0.448 —4.6 to 13.1 0.051
Time of hospitalization, mean (SD), days 0.88 (0.69) 1.07 (0.69) 0.55 (0.54) <0.001* 0.43 to 0.70 0.350

Time to hardware removal, mean (SD), days - 260.5 (196.9) - - - -

Time of immobilization, mean (SD), days 33.8 (25.6) 18.2 (13.5) 60.4 (18.2) <0.001* —-47.0 to —37.4 2.752
Total number of consultations, mean (SD),n 5.7 (1.5) 5.9 (1.4) 5.3 (1.5) 0.003* 02to I.0 0.440
Total number of radiographies, mean (SD), n 7.0 (1.5) 7.1 (1.4) 6.9 (1.6) 0.422 -03t0 0.6 0.123
Post-op residual angle—radius >10°, n (%) 6 (3.0%) 0 (0.0%) 6 (8.0%) 0.005% -15.2t0 -0.8 0.702
Post-op residual angle—ulna >10°, n (%) 14 (6.9%) 2 (1.5%) 12 (16.0%) <<0.001* -24.| to -4.8 1.166

FIN: flexible intramedullary nailing; Cl: confidence interval; SD: standard deviation.
Statistical tests used were un-paired Student’s t-test when results are presented mean (SD), and two-sample ? test when results are presented n (%).
"Significant differences between Groups | and 2 were considered at P <0.05 level.

significant increase compared to than what is suggested in
the guidelines may be secondary to a lack of awareness of
the guidelines. Difficulties in finding the appropriate fol-
low-up appointment may also have been secondary to
agenda overload or low parents compliance.

In the FIN group, the average immobilization time was
of 19days, with 57 (45%) children having the forearm in a
cast for more than 2 weeks. This increase may be explained
with the same reasons as for the OT group. Theoretically,
with the exception of pain management, there is no reason
for immobilizing a fractured forearm following FIN.
Clinical experience suggests that the use of a temporary
brace to be removed as needed on an individual basis is
sufficient. Prolonged closed forearm manipulation and
post-operative swelling were not assessed in this study.
They may also have influenced the decision to use a cast
after nailing.

In both groups, two to three radiographs and three to
four follow-up consultations were done in excess of the
guidelines. These results from the uncomplicated cases
outlined the necessity to acknowledge and respect guide-
lines more meticulously. Furthermore, an average seven
radiographs in the FIN group revealed significant refrain
for applying the benefits of bone stability following intra-
medullary nailing. If pre-treatment, immediate post-opera-
tive, 4—6weeks, 3 months, and pre-removal radiographs
were performed, two out-patient clinic appointments and
two radiological evaluations could easily have been
avoided.

These FIN treated children could have been less irradi-
ated, have had less follow-ups while improving their
mobility and quality of life without affecting their final
outcome. Of note, post-hardware removal radiographs
were suppressed from the Geneva Hospital guidelines
soon after early review of the results of this study. No

study has proven that such late radiographs were useful in
preventing refracture.

In the forearm, final bone angulation of both fractured
ulna and radius gives a reliable indirect evaluation of the
functional result. Above 10° angulation has an impact on
the forearm’s mobility.?! Only 2% of the FIN patients had
a residual bone angulation over 10° on the ulna and/or
radius, compared to 21% in the OT group. Bone complica-
tions such as malalignment or nonunion were statistically
significantly less represented in the FIN group (95%
CI=—-11.9t0—-0.2, P<0.024). This comparison confirmed
that children with a displaced forearm fracture needing
manipulation had a better functional result when treated
with FIN.

The complication rate was 14.7% in the FIN group and
17.6% in the OT group. Overall, this difference was not
statistically significant and equivalent to what was found
in the literature.® 6.6% (n=06) of the children treated with
OT required a second intervention, mainly FIN, compared
to 1.3% of the children in the FIN group (one refracture
and one pseudoarthrosis). In terms of cost analysis, this
study estimated that the cheapest treatment modality was
closed reduction and cast immobilization (OT) performed
on an ambulatory basis. The most expensive treatment
was intramedullary nailing (FIN) performed on a station-
ary basis. Knowing the costs of the material and the facili-
ties (operating room time, bed, and room overnight), this
was of no surprise. Delayed or urgent OT treatment costs
varied significantly if performed on an out-patient basis.
This was not the case with FIN, possibly because of the
need for temporary casting and other extra costs. In both
groups, keeping a patient overnight increased the costs
about one- to three-folds.

In a completely different socio-economical (Romania,
EU), Adam et al.'® estimated FIN to be 28%
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