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Background. Forearm fractures are the most frequent fractures in children and adolescents and they are more common
in males than in females. In the last 20 years the increase of surgical indications have resulted in more complications,
among them the non-unions, considered extremely rare and severe in children, have increased in incidence. We report
a successful treatment of misdiagnosed forearm atrophic non-union with severe osteolysis using fibula allograft and
autograft growth factors in a previously healthy 4-year-old child.

Clinical case. A 4 year-old boy presented to our hospital with massive bone loss and a negative bone biopsy for
Gorham-Stout Syndrome, he also showed reactive bone tissue with abnormal vascularity, necrotic osteocartilaginous
fragments and giant mononucleated cells. Other lab tests did not show any modifications, so all the causes of paediatric
osteolysis were ruled out. He had already undergone a few surgeries on that fracture and we performed others before
achieving a good result, obtained with an autologous fibula graft with medullary growth factors stabilized with
Kirschner wire. At the follow up 28 months later, the patient showed total consolidation of the initial area of non-
union, no neurovascular deficit and no joint deficiency.

Discussion. Non-union in paediatric patients is rare and therefore difficult to treat and diagnose. Since all of our
tests ruled out the main causes of paediatric non-union, we managed the case with strategies usually applied to adult
patients, carefully respecting the growth plates.

Conclusion. Although this is a single-case report, it underlines the importance of early diagnosis, the difficulty to rule
out some pediatric causes of bone loss and the complicances of a wrong diagnosis/treatment. It also shows that the
use of allograft bone and autograft growth factors in a pediatric patient, who has undergone multiple surgeries, can
lead to excellent results
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ATPOOUYHECKOE HECPAILEHUE HA ®OHE TAXEAOIO OCTEOAU3A
AYYEBOWM KOCTHU Y 3AOPOBOIO PEBEHKA: YCIELLHASA 9KCTPEHHAS
ONEPALUUNA. AEMEHUE C MIPUMEHEHUEM AAAOTPAHCITAAHTATA
MAAOBEPLIOBOU KOCTU U AYTOAOTUYHbIX ®AKTOPOB POCTA
Y AETEA
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O6ocHoBanue. IlepesioMbl IpeAnIedbs — caMble PAaCIpPOCTPaHEHHbIE MEPENTOMBl y AeTeil U MOLPOCTKOB, U dYallle
OHM BCTPEYAlOTCsA y MaJlbuyMKOB, 4eM Yy JeBodek. 3a mocnefHue 20 /€T ¢ yBenMYeHMeM 4YacTOThI Ollepalyil MOBbI-
CUJIAch ¥ 9aCTOTa OCTIOKHEHMIA, B TOM 4MCJIe KONMYECTBO CIy4YaeB HECPALIEeHNI, KOTOpble CYMTAIOT KpaliHe PefKUMUI
U TSDKENBIMU Y fieTell. B HaHHOU cTaThe OMMCAHO YCIEIIHOe jIeYeHVe IO3HO AMarHOCTMPOBAHHOTO aTpo(dUYecKoro
HecpallleHNsA NpeAIvIedbs C TsKEMBIM OCTEOIM30M C VICHOMb30BaHMEM aj/IOTPaHCIUIAaHTaTa ManobepIioBoil KOCTu
U ayTONOIMYHBIX (PaKTOPOB POCTa y paHee 34OPOBOro 4-JeTHETo pebeHKa.

Knuanyeckoe HaGmogenue. Manpunk, 4 rofia, HOCTYIWI ¢ OOLIMPHBIM KOCTHBIM JedeKTOM. BIOIcys KOCTHOI TKaHU
OblTa oTpuLaTeNbHa Ha cMHAPOM JTopxema — Croyra, BbIABIIeHa peaKTVBHAsA KOCTHAsA TKaHb ¢ aHOMa/IbHON BacKy/IApU-
3aryell, HeKPOTUYECKUMY KOCTHO-XPAIIeBbIMM (pparMeHTaMIU ¥ TMI'aHTCKUMM MOHOHYK/ICApHBIMU KJIeTKaMU. B xope
Apyrux 1abOpaTOPHBIX MCCIEHOBAHMII HUKAKMX M3MEHEHMII OOHApy>KeHO He OBUIO, I03TOMY BCe IIPUYMHBI HETCKOTO
ocTeonusa ObUIM UCKIIOUEHBI. [TalfeHT yxKe IepeHeC HeCKOIbKO OIepaluii 0 MOBOAY 9TOro mepenoMa. Hamu 6bu10
IIPOBEJEHO [IOMOIHNUTEIbHOE XUPYPrudecKoe jaedeHne. B urore ygamoch ZOOUTHCS XOpoOIIero pesyabrara Graropapst
MCIIO/Ib30BAHMIO ayTOTPAHCIIAHTAaTa Mao0epIioBoil KOCTU ¢ (aKTopaMy pocTa KOCTHOTO MO3ra M CTabuimsarnmeit
cnnnamy Kupiraepa. Yepes 28 mec. mpu KOHTPONbHOM 0OC/IeOBAaHMY Y MAl[eHTa ObIIM 3apeTUCTPUPOBAHbI MOTHAS
KOHCONMMJALIMA HECPallleHNs, a TAK)Ke OTCYTCTBIUE HEPOBACKY/IAPHON 1 CYCTaBHOI HEJOCTATOYHOCTH.

O6cyxpenne. Hecpamenne y fetTell BCTpedaeTcsi peiko U IO3TOMY TPYHHO IIOAJAETCSA AMATHOCTUKE ¥ JIeYeHUIO.
[TockonmbKyY B XOfie BCEX MCCIENOBAHUIT OCHOBHbIE IIPMYMHBI HeCpallleH!s ObIIM UCKTIOYEHbI, JAHHYIO MaTO/IOTHIO YHa-
JIOCh YCTPAHUTDb C IOMOIIBI0 METOMIOB, OOBIYHO IIPUMEHAEMBIX Y B3POC/IbIX MALMEHTOB, IIPU 3TOM 0C060e BHUMaHUe
YAENANN 30HaM pOCTa.

3axmodyenne. XOTsA OMMCAHHBI CTy4Yall eAMHUYHBINA, XOTEIOCh OBl MOZYEPKHYTh BaXKHOCTb PaHHEeN AMAarHOCTYKMU,
a TaK)Ke CJIOKHOCTD MCK/TIOUeHMI HeKOTOPBIX IeAMaTPMIeCKNX MPUYNH IOTePM KOCTHOI MACChl I OC/IOKHEHUII, CBSI-
3aHHBIX C HENPaBWIbHBIM [MArHO30M M/WIM JiedeHMeM. BbIno mokasaHo, YTO MCIIO/Nb30BaHMEe KOCTHOTO a/UIOTPaH-
CIIaHTaTa ¥ ayTONOTMYHBIX (PAaKTOPOB POCTa Y peOeHKa, IepeHeCIIero HeCKOIbKO Olepaluil, MOXKeT IIPUBECTU K XO-

polyM pe3ynbTaTaM.

KnroueBbie cmoBa: HeCpallleHNE; HeI[I/IanI/[‘IeCKI/IV[; IepenoM; KJIVMHUYeCKUI cnyqaﬁ; 1ydeBas KOCTb.

Forearm fractures are the most frequent frac-
tures in children and adolescents and they are more
common in boys than in girls [1-3]. Including distal
part of radius and ulna, forearm fractures cover up
to 36-45% of all fractures in children and adoles-
cents [4]. Several recent studies suggest that the fre-
quency of paediatric distal radius fractures is rising,
probably due to the intensification of sports and
recreational activities during childhood and adoles-
cence [5-6]. From 2000 to 2009 there was a 4-fold
increase in the number of forearm fractures in chil-
dren, with an increase in surgical indication from
13.3% in 2000 up to 52.7% in 2008 [7].

No case of paediatric non-union was reported
in literature until the 1980s, in fact its presence was
always and exclusively considered the result of a se-
rious treatment failure. Nevertheless, there is no
mention of non-union as possible complication of
distal radial fractures in children in articles from the
early 90s either [8]. However, in the last 20 years
the increasing of surgical indications have resulted
in an increase in complications, and so also non-
union, considered extremely rare and severe in chil-
dren, has increased in incidence [6-9]. Therefore it
is possible to consider risk factors for non-union in
the child all of the following: age > 10 years; male
gender; high body-mass index and energy trauma;
open fracture; bone loss; tobacco smoking; duration

and type of surgical procedure; cardiovascular di-
seases; neurofibromatosis [6-9]. Besides the growing
age of the child, also extensive iatrogenic soft tissue
damage, periosteal damage and insufficient fracture
fixation or inadequate period of immobilization
(< 8 weeks) contribute to the failure of long-bone
diaphyseal non-union in children [10]. Anatomi-
cal factors, such as relative thickness of the cortical
bones, smallness of the medullary and the preca-
rious ulnar vascularity, must be added to mechani-
cal factors that contribute to the non-union of the
forearm fractures, which is one of the most dange-
rous complications for this anatomical district [10].

For the definitive diagnosis, it is important to
have a full understanding of the area affected by non-
union in order to decide the best therapeutic pro-
cess. For this purpose, besides X-rays, also CT-scan
or MRI are useful for a correct differential diagnosis
and for excluding other secondary osteolysis such
as atrophy, algodystrophy, osteomyelitis, aseptic ne-
crosis or idiopathic osteolysis. The Hardegger clas-
sification of idiopathic osteolysis includes hereditary
multicenter osteolysis with dominant or recessive
transmission, non-hereditary multicenter osteolysis
with nephropathy, Gorham-Stout Syndrome and
Winchester Syndrome, where the Gorham-Stout
Syndrome can be the most difficult to rule out, due to
its association of 57% with a history of trauma [11].

m Pediatric Traumatology, Orthopaedics and Reconstructive Surgery. Volume 8.

Issue 4. 2020



CLINICAL CASES

463

Gorham-Stout Syndrome occurs in the form of
osteolysis of a bone or a contiguous bone area close
to the focus, without respecting the joint limits.
It is a rare disease, of unknown aetiology, in which
osteolysis begins through the proliferation of vascular
structures originating in the bone tissue, thus causing
the destruction of the bone matrix. This condition
may present at any age, but is generally recognised
in children and young adults [12]. Gorham-
Stout Syndrome is a diagnosis of exclusion, and
requires a combination of clinical, radiological, and
histopathological findings to confirm the presence
of the disease [13]. The radiographic presentation
includes a radiolucent focus in the intramedullary or
subcortical region of the bone involved, with slowly
progressive atrophy, dissolution, fragmentation and
the disappearance of a portion of bone followed
by tapering of the remaining bone tissue (“sucked
candy appearance”), and atrophy of the surrounding
soft tissues. Microscopically there is non-malignant
vascular proliferation, with anastomosing, thin-
walled lymphatics and/or capillaries surrounded by
a fibrous stroma coursing between residual bony
trabeculae [13]. In selected cases, the bone loss
and non-union can be treated conservatively with
or without physical therapy. More frequently, this
disease requires surgical treatment (with different
techniques) especially if oligotrophic, atrophic
or septic nonunion, or if a progressive fracture
malalignment is noted during the follow-up, in
particular in children over 10 years old [6].

We report a successful treatment of forearm
atrophic non-union with severe osteolysis using
fibula allograft and autograft growth factors
in a previously healthy 4-year-old child, with
a follow-up of 5 years.

Clinical case

In December 2014 a 4 year-old boy presented
to the emergency department after an accidental
trauma to the right forearm showing deformity,
pain and loss of function with no wound or
neurovascular deficit. Diagnosis of distal diaphyseal
fracture of the right radius was made. The fractured
limb was immobilized with a cast. In January 2015
the fracture appeared in the process of consolidation
and the cast was removed. One month later, after
a new low-energy trauma, the patient arrived
again in the emergency room with a diagnosis of
recurrence fracture, but in that case he showed
a displaced fracture of the distal third of the right
radius (Fig. 1).

The fracture was treated in the operating room
with Kirshner wires, but intra-operatively there was
a complication with iatrogenic longitudinal fracture
that was synthesized with cable cerclage. After about
3 months from the surgery, even if the x-rays showed
slight signs of bone consolidation, the synthesis was
removed and the forearm immobilized with a new
cast (Fig. 2).

In June 2015 the bone near the fractures showed
signs of local bone resorption, MRI was done and
a rare disease expert was consulted due to a suspi-
cion of Gorham-Stout Syndrome (Fig. 3).

A bone biopsy was done and the results were
negative for Gorham-Stout Syndrome according
to two different Italian centres: it showed reactive
bone tissue with abnormal vascularity, necrotic
osteocartilaginous fragments, giant mononucleated
cells. The patient presented to our hospital with
these results and we decided to repeat the biopsy
and the exclusion of Gorham-Stout Syndrome was

Fig. 1. Re-fracture after 3 months

Fig. 2. The x-rays showed slight signs of bone
consolidation but the synthesis was removed and

Fig. 3. The fractures showed
signs of local bone resorption

the forearm immobilized with a new cast
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Fig. 4. X-Ray pre and after tissue
excision, autologous fibula with
medullar growth factors stabilized
with intramedullary Kirschner wire

Fig. 5. The x-rays

showed no consoli-

dation of the autolo-
gous fibula

confirmed. Afterward more laboratory tests were
made and more specialist consulted to rule out all
the causes that could lead to that massive osteolysis.
Eleven months later from the last fractures, we
performed a new surgery at the fracture site with
tissue excision and implant of an autologous fibular
allograft with medullary growth factors, stabilized
with a Kirschner wire (Fig. 4).

After 10 days from hospital dimission, the pa-
tient returned to the emergency room with symp-
toms of fattening pain in the leg where the bone was
taken. Tests confirmed a diagnosis of local hemato-
ma caused by interosseous artery lesion. An emer-
gency vascular surgery was thus performed to drain
the hematoma and close the artery lesion. In Feb-
ruary 2016, only 10 days after the last surgery, the

_
)

Fig. 8. Clinical presentation at 28 months EU.

Fig. 6. X-Ray post debridement
of the focus of non-union and
a bone transplant from cadaver
with medullar growth factor,
stabilized with a Kirschner wire

Fig. 7. X-Ray after
Kirschner wire remo-
val, at 28 months EU.

patient suffered from leg pain again. We decided to
ask for advice to another institute that diagnosed
a pseudo-aneurysm of the affected artery and con-
sequently a new emergency vascular surgery was
done. Meanwhile the x-rays showed no consolida-
tion of the transplant in the forearm. After the failure
of a new infiltration of medullar growth factors, in
December 2016 a new surgery was performed with
debridement of the focus of non-union and a bone
transplant from cadaver with medullar growth fac-
tor, stabilized with a Kirschner wire (Fig. 5-6).

Clinically as well as according to the X-rays tests
the patient began to show local improvement. Six
months after thelast transplant, the Kirschner wire was
removed. At the follow-up 28 months later, the patient
showed total consolidation of the initial area of non-
union, no neurovascular deficit and no joint deficien-
cy. The patient can be considered healed (Fig. 7-8).

Discussion

We have presented the case of a patient from
another hospital where he was initially treated
conservatively with a cast and then with an open
reduction and intramedullary fixation. Yeo J.H.
et al. show that non-union rarely occurs in children
under 8 years old. Since our patient is 4 year old,
this case is particularly interesting, considering that
non-union of closed distal radius fracture is an
extremely rare occurrence and there are few studies
among children in the literature [5]. We have
no supporting evidence, but we could assert that
treatments were probably not adequate in the first
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place. In fact, according to De Raet et al. [3] the
first cause of non-union is almost always iatrogenic
due to the wrong mode of treatment, considering
also that a healthy bone in children always heals
also with conservative treatment and according to
Pedrazzini et al., loss of reduction and malunion
are common occurrence after insufficient closed
reduction and cast immobilization [14]. At the
time of the presentation at our hospital, the patient
was already affected by a massive osteolysis of the
radius, with a radiographic picture in agreement
with a possible diagnosis of Gorham-stout
Syndrome [12-13]. According to Choma N.D. et al.,
it can be very difficult to exclude this syndrome, so
a second biopsy was performed, confirming further
the exclusion of Gorham-stout Syndrome while
endocrinological and genetic tests excluded the
causes of secondary osteolysis as well [5, 12, 15].
As non-union in children has been universally
accepted to be related to a pathologic condition of
the bone or vascularity [16], we then proceeded to
consider the case as an atrophic non-union and we
treated it as such, although this disease is extremely
rare and difficult to treat in paediatric age [6].

Bone atrophy and multiple surgeries create ma-
jor problems for revision surgery. In fact, the recon-
struction of a limb with severe bone loss and dis-
crepancy in length requires precise planning [3, 5,
10, 17]. Kwa et al. in the first ever case reported
had described a distal radius non-union treated ex-
clusively by bone grafting and casting [8]. In our
study growth factors combined with non-vascular-
ized autograft bone were used to accelerate bone
healing as it was documented in 2008 by Rampoldi
et al. [18]. Moreover according to Christopher C.
Bray et al. [19], autologous bone graft has a better
osteo-inductive and osteo-conductive potential, and
also autologous growth factors have a great osteo-
inductive potential [19-20]. The reported union rate
for traumatic large bone defect in non-vascularised
fibula grafting is almost of 90% [20-21]. The disad-
vantage of fibula grafting is the donor site complica-
tions such as donor site infection, ankle instability,
ankle valgus and rare tibia stress fracture [20-21]. A
complication also occurred in our case: a pseudo-
aneurysm that required emergency surgical treat-
ment. At the end of treatment, the donor site
healed with full recovery of function. In consider-
ation of the non-consolidation we did a second sur-
gery, with an allograft stabilized with a Kirschner

wire. This treatment has allowed a healing of the
area of injury and today the patient has fully re-
covered the function of the upper limb affected.

Conclusion

Our case underline the importance of a early
diagnosis and a correct early treatment to prevent
more serious complications. Non-union in paediat-
ric patients is rare and difficult to treat so we must
prevent it, and where it is not possible, making an
early diagnosis is necessary. It is also mandatory to
exclude all causes of bone loss in the child, like the
Gohram-Stout and the other idiopathic osteolysis.
Finally, after years and multiple surgeries, we have
achieved good results in patient satisfaction, range
of motion and absence of pain. Although this is
a single-case report, it suggests that the use of al-
lograft bone and autograft growth factors in a pedi-
atric patient who had undergone multiple surgeries
can lead to excellent results. Attention must be paid
to the complicances of multiple surgeries, both at
the main surgery site and at the donor site.
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