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Abstract: Non-unions are quite rare in closed fractures in children. Most distal radius fractures re-
quire orthopedic reduction and conservative treatment with very good radiological and clini-
cal/functional results. In case of unsatisfactory reduction, surgical treatment is necessary to correct
significant displacement. Surgical treatment consists of closed reduction and percutaneous fixation
using K-wires. If closed reduction is not possible, open reduction and fixation is mandatory. Gen-
erally, fixation is obtained using K-wires, in most cases, even if open reduction is necessary, rarely
locking plates, especially in adolescents. The present paper presents a case of non-union that even-
tually required open reduction and plating. During surgery, however, it became evident that the
cause for non-union was the traumatic transposition of the long extensor radialis tendon, through
the fracture site to the volar side of the distal forearm. The movement of the carpus translated to
constant mobility in the fracture site, leading to non-union and a continuous tendency towards an-
terior angulation of the distal fragment. The tendon was reduced to its anatomical position, the
fracture was reduced, and fixed using a locking plate, and union was achieved with no complica-
tions. Traumatic transpositions of tendons should be considered in pediatric non-unions, and re-
storing anatomy is essential.
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1. Introduction

Forearm fractures are the most common type of injury among all fractures in school-
aged children, and most often conservative management with orthopedic reduction and
cast immobilization leads to very good clinical outcomes [1]. Although reduction does not
need to be anatomic due to children’s ability to remodel during the healing and recovery
process, there are certain guidelines in the literature that define acceptable displacement
with orthopedic management [1]. However, if acceptable reduction is not achieved, sur-
gical management is mandatory, with a constant increase in indication in recent decades;
Flynn et al. reported a “seven fold increase in operative treatment of these fractures”. This
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important increase in surgical treatment is due to technical advances (better quality of
intra-operative imaging and lower dose radiation equipment, development of titanium
elastic nails and pediatric-specific implants), clinical experience and a general intolerance
to deformities both on the surgeon’s behalf, as well as from the patient’s family. When
operative treatment is decided upon, intramedullary fixation is the first choice because of
the shorter anesthesia time, shorter hospital stay and faster healing [2]. Also, this type of
fixation is achieved through minimally invasive approaches, small incisions and minimal
soft tissue aggression, all of which translate to more rapid healing and recovery, as well
as fewer local complications like infection or wound problems. If closed reduction is not
successful, open reduction is necessary as well as K-wire fixation, achieving fracture re-
duction, stability and the restoration of normal anatomy [3]. Plate fixation is uncommon
in pediatric surgery, but can be used with care in adolescents and in particular cases like
with the presence of complications such as non-unions, where absolute stability is neces-
sary to achieve bone healing. The use of plate fixations needs special attention regarding
plate placement and growth processes and biology.

Post-traumatic pediatric non-unions are rare, mainly because of increased local biol-
ogy in young patients, with significant evidence suggesting that the periosteal sleeve
plays an essential role in healing [4]. The potential factors described in the literature for
failure are neglect, unstable fixation, early removal of implants, improper follow-up man-
agement or a combination of these [5]. With proper clinical management, non-unions
should not occur in children.

The present paper aims to propose another unique non-union-causing complication
that should be taken into consideration when the above-mentioned factors have been ex-
cluded, and this represents a unique finding in a case of non-union of the distal radius,
namely the traumatic volar transposition of the extensor carpi radialis longus tendon. This
has led to repeated displacement during conservative attempts, and the chronic non-un-
ion of the fracture site after closed reduction and percutaneous fixation using K-wires. A
continuous tendency of the distal fragment to angulate anteriorly and a failure to heal can
lead to open surgery and a constant sense of incomplete understanding of the pathophys-
iology on the surgical team’s behalf. Ultimately, the search for reasons will continue dur-
ing the operation and close attention to soft tissue anatomy has revealed the answers to
understanding this unique complication.

2. Detailed Case Description

A 10-year-old child presented at the pediatric emergency department with acute pain
and functional disability of the right forearm and hand, following a fall while running.
Patient BMI (body mass index) was normal and the general activity level was high; the
child had been undergoing regular handball training for two years before the traumatic
event. On presentation, the clinical exam revealed a slight swelling of the forearm and
deformity of the distal third of the forearm with palmar angulation, with normal sensitiv-
ity and circulation distally and the ability to move fingers and thumb but with increased
pain in the distal forearm. Blood tests and pre-anesthetic work-up were within physiolog-
ical ranges, with no anterior pathologies to report.

A plain X-ray at initial presentation confirmed a fracture of the distal third of the
radius with important displacement and volar angulation >30° (Figure 1A). At presenta-
tion, orthopedic reduction was the first gesture but this failed by orthopedic means with
a non-successful conservative attempt.
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Figure 1. Radiological images obtained at presentation: AP (antero-posterior) (A) and oblique (B)
view of the distal forearm, demonstrating important volar displacement of the radial fracture, and
greenstick fracture of the distal ulna with dorsal angulation. Also, the fracture presented with a
rotational displacement of the distal radial fragment together with the radiocarpal complex.

Due to the fact that orthopedic maneuvers were not efficient, the patient was taken
to the operating room and the maneuvers repeated under general anesthesia, but this was
also inefficient. A mini open reduction technique was applied, in which a K-wire was in-
troduced into the fracture site through a <1 cm skin incision and used as a lever to facilitate
reduction. Once reduction was obtained under fluoroscopy, the fracture was fixed percu-
taneously using two crossed K-wires, obtaining satisfactory stability and the final result
(Figure 2).

Figure 2. Radiological images obtained post-operatively. (A): AP view of the distal forearm, demon-
strating good reduction of the fractures and fixation of the radius with two crossing K-wires accord-
ing to AO pediatric technique. (B): Lateral view with very good reduction of the volar angulation of
the radius, with slight but acceptable displacement of the ulna.

Post-operatively, the patient was immobilized in a cast splint for dressing protection,
with gravitational drainage with the forearm in a sling, and presented for follow-up at
two and four weeks. At 6 weeks, he was admitted for K-wire removal. However, after the
removal of the K-wires the forearm became painful over the next few days, with progres-
sive deformity of the distal forearm, which sent the patient back to the hospital in one
week, and a radiological control exam was obtained. The fracture appeared with slight
callus formation and volar angulation of the radius fracture. Because of the radiological
aspect suggesting callus formation, the patient underwent soft orthopedic manipulation
with reduction and was placed in a splint for four weeks. At the end of the 4-week immo-
bilization, the splint was removed and a radiological exam obtained (Figure 3). At this
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point, 10 degrees of volar angulation was considered acceptable and the patient was ad-
vised to mobilize the hand and wrist as tolerated. Bear in mind that here we were situated

in week 11 in this case’s chronology. Recovery did not develop as expected as there was
intermittent pain with movement, a lack of mobility progress and progressive recurrence
of the distal forearm deformity.

Figure 3. AP and lateral views obtained at the end of four weeks” immobilization, demonstrating 10
degrees of volar angulation, which was considered acceptable at this point, but with inadequate
callus formation.

Follow-up exams were scheduled monthly, but the patient did not present until 6
months post-operatively, with pain over the forearm, increased pain with movement of
the radiocarpal joint and thumb, moderate loss of range of motion and objective deformity
of the distal forearm with no history of recent trauma. A plain radiograph was obtained
(Figure 4).

Figure 4. AP and lateral views obtained at 6 months after rehabilitation failure and recurrent pain
with movement, demonstrating a lack of union and gross angulation of the radius and good healing
of the ulna.
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Reconsidering the evolution and the clinical outcome, open surgical reduction and
stable fixation became mandatory. Under general anesthesia, a dorsal approach was
elected, partly to respect the initial post-operative scar, and a distal forearm locking plate
was selected beforehand. Intra-operatively, after complete dissection and the exposure of
the fracture site, the cause for continuous volar displacement was evident, and this was a
traumatic transposition of the extensor carpi radialis longus tendon to the volar surface of
the radius through the fracture site (Figure 5A). Intra-operatively, the extensor tendon was
wrapped around the radial shaft, leading to volar angulation and fracture site movement,
leading to non-union and the failure of the radius to heal (Figure 3).

Figure 5. Intra-operative images: (A) intra-operative aspect with arrow pointing at the extensor carpi
radialis longus tendon malpositioned on the volar side of the fracture site, in a spiral fashion around
the proximal radius; (B) tendon of the extensor carpi radialis longus muscle reduced by passing the
tendon through the fracture site to the dorsal side of the radius; (C) intra-operative aspect of the
final fixation with locking plate placed on the dorsal aspect of the radius, proximal to the growth
plate; (D) intra-operative fluoroscopy AP image demonstrating satisfactory reduction of the fracture
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and final fixation; and (E) fluoroscopy image in lateral view demonstrating adequate reduction and
fixation as well as screw length.

After identifying the tendon and the anatomical position, this was reduced and
passed dorsally through the fracture site, retracted, and fixation was obtained under fluor-
oscopy using a locking plate, located proximally to the growth plate, with satisfactory
reduction and absolute stability (Figure 5).

Post-operatively, no immobilization was required and mobility was allowed as toler-
ated without loading the hand for four weeks. At this time, the passive range of motion
was normal while the active range of motion was slightly limited for flexion and extension
of the wrist, and the patient underwent a 4-week rehabilitation program involving phys-
ical therapy exercises and mobility exercises. At 6 weeks post-operation our patient was
pain-free with full range of motion. At week 8 the patient started strengthening exercises,
and was allowed to return to high-demand sports after the 4-month follow-up clinical
evaluation, which revealed full range of motion, passive and active, and no pain when
loading the hand during active flexion and extension. At 12 months, we obtained a radio-
logical control image (Figure 6) that confirmed healing and adequate callus formation as
well as bone remodeling.

Figure 6. The 12-month follow-up plain radiographs demonstrating good healing and proper callus
formation.

The final result was adequate healing of this malunion, which was not possible until
the tendon of the extensor carpi radialis longus had been repositioned dorsally in the an-
atomical position. This finding is unique when reviewing the current literature and might
be an important cause of malunion in children, especially in fractures with significant
traumatic displacement and exaggerated fracture site angulation at the moment of
trauma, or in cases where orthopedic maneuvers fail to obtain adequate reduction of the
fracture site.

A consistent search for causal factors and a lack of medical explanation for this com-
plication in this particular case were the main reasons why the surgical team was ex-
tremely meticulous with the dissection and intra-operative observation of the forearm
anatomy. A lack of medical understanding might be key in continuously searching for
answers, and in this situation led to an extremely interesting intra-operative finding.

3. Discussion

Tendon interpositions in fracture sites or even dislocations have been described in
many instances as local complications that lead to reduction failure, like the long head of
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the biceps tendon in proximal humerus fractures [6-9], phalanx fractures or dislocations
complicated by flexor tendon interposition [10], extensor digitorum interposition in ra-
dius fracture [11], and other examples described, but there is no case documented in the
literature that we could find describing a complete transposition through the fracture site.
This only amplifies the suspicion that this might be easily overlooked when functional
impairment is not significant. Raet et al. reports a case of distal radius non-union after
plate fixation in a 9-year-old [12] where the radiological images appear similar to ours
considering a pattern of recurrent displacement. Even in the 6-month follow-up image
demonstrating nearly complete consolidation, one can still observe the tendency to angu-
late anteriorly. Could it be justified to question whether the cause of non-union and final
“nearly complete consolidation” with residual volar angulation was in fact a traumatic
tendon transposition?

After recognizing this unique surgical finding, all possibilities were taken into con-
sideration regarding the moment when the palmar reposition occurred. From these pos-
sibilities, the authors mention two clinically relevant moments: after starting mobilization
(this was after 6 weeks, so chances are practically inexistent) and during orthopedic ma-
neuvers (repeated traction and reduction maneuvers might cause such tendon displace-
ments, but reduction techniques were managed by experienced pediatric surgeons using
gentle mobilization movements without applying the extreme forces needed for tendon
dislocations). Taking this into consideration, and also the fact that correct reduction was
simply not possible by orthopedic means (which is extremely rare in children) in this dis-
tal radius fracture, represent solid arguments that this complication in fact occurred at the
moment of trauma due to gross displacement in the moment of the fall.

This type of complication should be considered in cases of closed fractures that
evolve towards non-union or malunion with no apparent reason. Also, a continuous ten-
dency to displace or angulate in exactly the same position as the initial displacement can
also indicate traumatic tendon transposition. Meticulous functional examination by iso-
lating muscles and testing them clinically and individually should be part of the forearm
fracture clinical exam in order to diagnose pathological transpositions, but in the pediatric
setting this is not always possible, and pain can also affect the accuracy of the examination.

A lack of documented cases of this particular complication translates to the great sur-
gical value of our case report, and most probably this kind of complication has been over-
looked in the past, if we consider that most non-unions are operated on later in the clinical
time frame. This delay could make the anatomy of the surgical approach far more com-
plicated and abnormalities like this one more difficult to diagnose intra-operatively. Also,
the general surgical tendency to use smaller incisions could impair the correct visualiza-
tion and understanding of the soft tissue anatomy, which leads to clear indications for
wide-open approaches when such a situation is suspected.

In specific cases where soft tissue complications are suspected, soft tissue sonography
could be extremely helpful in diagnosing tendon transpositions. Magnetic resonance im-
aging could also diagnose such a complication. When comparing the two imagistic inves-
tigations, the latter is significantly more expensive and not always available. However, in
both methods, the most important aspect is the experience of the clinician performing im-
age interpretation and their ability to identify imagistic anatomy. Just like the famous
proverb, “beauty is in the eye of the beholder”, in both imagistic techniques identifying
such soft tissue complications would not be easy, nor is it easy to recognize this during
surgery.

4. Conclusions

Traumatic tendon transpositions through the fracture site should be included in the
differential diagnosis of closed fractures with important displacement and repetitive dis-
placement that tend to fail in healing.

When there is such a suspicion that MSK (musculo-skeletal) sonography or MRI im-
aging could be useful in confirming this complication and could be included in the pre-
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operative planning, more importantly, wide surgical exposure with an appropriate ap-
proach is essential in recognizing such a complication intra-operatively.

Fracture healing is the ultimate goal in pediatric trauma, but surgical management
should always respect anatomy restoration principles without disregarding soft tissues in
this noble quest.
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