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Abstract

Background The literature on ankle valgus development after
procuring non-vascularised fibular grafts in children is still
scanty. The non-vascularised fibular graft has distinction of
fibular regeneration occurring at the donor site.

Material and methods We retrospectively analysed the valgus
deformities at the donor leg following harvest of non-
vascularised fibular graft to determine the various contributing
factors in growing children. All these patients had minimum
two years post index procedure follow up.

The radiological ankle valgus was quantified using
Malhotra’s distal fibular station (0-3), Lateral distal tibial an-
gle (LDTA <84 degrees) and Talar tilt angle >5 degrees.
Clinical parameters, evaluated additionally were pain and neu-
romuscular deficits in the donor limb, if any.

Results A total of 30 ankles in 23 patients were evaluated. The
average patient age was 9.56 years. There was no pain or neu-
romuscular deficit in the examined limbs at a mean follow up of
39.4 months. The continuity of the fibula in the longitudinal

P4 Anil Agarwal
rachna_anila@yahoo.co.in

Deepak Kumar
drdeepaksahani@ gmail.com

Nargesh Agrawal
dr.nargesh@gmail.com

Neeraj Gupta
drsonugupta @rediffmail.com

Department of Paediatric Orthopaedics, Chacha Nehru Bal
Chikitsalaya, Geeta Colony, Delhi 110031, India

2y 103, East End Apartments, MayurVihar Ph-1 Ext, Delhi 110096,
India

dimension was already restored in 90% limbs. There was pres-
ence of radiological valgus deformity in 10 (33%) ankles. The
LDTA was abnormal in 80% and talar tilt in 50% valgus ankles.
The ankle valgus deformity was found despite the presence of a
normal Malhotra station 0. The age of the patient did not seem
to influence the ankle valgus deformity.

Conclusions Radiological ankle valgus is a common occur-
rence even following non-vascularised fibular harvest. The
presence of a regenerated fibula in continuity (90% legs) and
almost of similar anatomical longitudinal dimensions (97%)
did not deter development of valgus deformity at ankle.

Key words Children - Fibula - Graft - Non-vascularised -
Regeneration

Introduction

The fibula is a potential autogenous bone graft site in children.
Both non-vascularised and vascularised fibular harvesting have
remained an important armamentarium of the paediatric ortho-
paedic surgeon. In the last few years, there has been a spate of
reports listing complications from vascularised fibular harvest
in children. Of these, progressive ankle valgus following fibular
harvest is a specific complication of the growing child. The
morbidity has most commonly being associated with
vascularised fibular grafts [1-6]. One of the prominent reasons
cited for valgus deformity following vascularised fibular har-
vest is the mechanical disadvantage of fibular gap [1-6].

The literature on ankle valgus development after procuring
non-vascularised fibular graft in children is still scanty [7].
The non-vascularised fibular graft has distinction from the
vascularised graft as the fibular regeneration occurs at the
donor site [7, 8].
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*In patient 10, both fibulae were harvested. The radiological ankle valgus was present in left side. The comparison is made with contralateral side with no radiological ankle valgus.

Abbreviations: FUD-follow up duration in months; FL-fibula length in cm; NC-non continuity; L-left; R-right; M3-middle third segment of fibula.

Fig. 1 The combination of abnormal LDTA, talar tilt and a higher
Malhotra’s fibular station was not a prerequisite for radiological ankle
valgus deformity. Anteroposterior radiographs of patient 1 show LDTA
within range of 84 degrees, talar tilt 15 degrees and a Malhotra grading of
3 in left ankle. The contralateral normal ankle also showed a fibular
station of 1. The regenerated and contralateral fibular lengths were also
comparable in this patient

We retrospectively analysed the valgus deformities at the
donor leg following harvest of non-vascularised fibular graft
to determine the various contributing factor in growing chil-
dren. All these patients had minimum two years post index
procedure follow up.

Material and methods

The retrospective study was conducted at a tertiary care
paediatric super specialty hospital in a low income
country between April-Sept 2016. Ethical clearance for
the study was obtained from the Institution’s Scientific
Committee. The operative details were checked from
patient’s case records. All patients with age less than
12 years at the time of index procedure, who had un-
dergone any orthopaedic operative procedure at least

Fig. 2 The Malhotra grading of 1 was found in many patients with
normal ankles. The Malhotra grading was 1 in both ankles in patients 7
and 9, but radiological ankle valgus deformity was on the harvested right
side only
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two years ago, utilizing non-vascularised fibular bone har-
vest were included in the study. In all included cases,
the index procedure required harvest of the maximum
possible length of fibular graft available. Patient with
neuromuscular problems in donor leg or bony pathology in
ipsilateral tibia or fibula and index procedures requir-
ing osteoarticular or smaller fibula graft lengths were
excluded.

Our institutional protocol prescribes using a periosteum
preserving technique for fibular harvest and conserving a min-
imum of 10% of total length at either fibular ends to maintain
ankle stability at distal end and for safety of deep peroneal
nerve at proximal end [9, 10]. Following the harvest, patients
were mobilised in a bulky bandage for support and weight
bearing initiated soon after pain subsided.

At follow up, clinical parameters evaluated were pain and
neuromuscular deficits in the donor limb, if any. The radio-
logical measurements were done on standardized
anteroposterior standing x-ray of both legs including knee
and ankle joint with patella facing forward. The radiological
ankle valgus was quantified using three parameters [11-13]:
Distal fibular station using Malhotra grading (grade 0 is fibu-
lar growth plate at the level of the talar plateau, grade 1 is
fibular growth plate between the top of the talus and the distal
tibial growth plate, grade 2 is fibular growth plate in line with
the distal tibial growth plate, grade 3 is severe migration with
fibular growth plate proximal to the distal tibial growth plate),
lateral distal tibial angle (LDTA, the angle between the tibial
mechanical axis and the distal tibial joint surface; normal
range, 84-92 degrees) and Talar tilt angle (The angle between
tangential line along talar plateau and other line along distal
tibial joint; normal range, 0-5 degrees). A Malhotra grading of
0 was considered normal [11, 12]. For the purpose of the
study, significant radiological ankle valgus was defined as
presence of LDTA < 84 degrees and/or talar tilt >5 degrees
or both [12, 13].

Fig. 3 In many ankles, the
abnormal LDTA and/ talar tilt was
solely responsible for radiological
ankle valgus. The Malhotra
grading was 0 in both ankles, e.g.
patient 3,4,8 (also see Fig. 1
above)

Results

A total of 30 ankles in 23 patients were evaluated for valgus
deformity. The harvest of fibula was bilateral in seven pa-
tients. The average patient age at time of follow up was
9.56 years (range, 5-14 years). The average follow up was
39.4 months (range, 24-83 months). The continuity of fibula
in longitudinal dimension was restored in 27/30 legs (90%) by
that time. Clinically, there was no pain or neuromuscular def-
icit in the examined limbs at final follow up. Further, there was
no symptomatology related to harvest limb reported by any
child. There was presence of radiological valgus deformity in
ten (33%) ankles (Table 1). The various parameters associated
with ankle valgus analysed are as follows:

1. Ankle valgus, LDTA and Talar tilt angle (Table 1). The
LDTA was <84 degrees in 8/10 (80%) and talar tilt was >5
degrees in 5/10 (50%) ankles. Thus, abnormal LDTA was
more responsible for ankle valgus deformity than talar tilt
in observed ankles. The combination of abnormal LDTA
and talar tilt was seen in just 3/10 (30%) ankles.

2. Ankle valgus and Malhotra grading (Table 1). In 7/10
(70%) valgus ankle, the Malhotra grading was beyond 0
(patients 1,2,5-7,9,10) (Fig. 1). The grade was 1 in four, 2
in two and 3 in one ankle. The contralateral ankles also
showed altered Malhotra grading of 1 in 5 ankles (patients
1,2,6,7,9). No valgus was noted in these normal ankles
despite the altered Malhotra grading (Fig. 2). Malhotra
grading 0 was also found associated with abnormal
LDTA/ talar tilt (patients 3,4,8,10) (Fig. 3).

3. Malhotra grading and fibular shortening (Table 1). No
statistical difference was found in regenerated and contra-
lateral fibular lengths in seven ankles (patients
1,2,5-7,9,10) with Malhotra grading above 0 (p=0.10).
However, in the above patients, the grading changed to
2 or 3 when LDTA or talar tilt was highly altered (patient
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1, 2 and 6). These findings infer that Malhotra grading is _%D
not purely an index of fibular shortening. The dimensions 5E
of lower tibial epiphysis and talar tilt also influence % i§
Malhotra grading. ch:
4. Ankle valgus and non-continuity of regenerated fibula =3 ceeeeS
(Tables 1 and 2). Non-continuity was encountered in three
regenerated fibulae all in middle segment (patients g .
2,10,12) (Fig. 4). The approximate shortening in these 2 g %
fibulae (gap/ length of contralateral fibula) due to S g § e o - — o
non-continuity were 0.3/20.3(1.4%) (patient 2), 2.1/
10.67 (19.7%) (patient 10) and 0.8/22.6 (3.5%) (patient
12). Radiological ankle valgus was present in 2 ankles :g s
(patients 2, 10) but absent in 1 (patient 12). The %% g
Malhotra grading was 1 in 2 ankles (patient 10, 12) and § % _\%D . oo .
2 in 1 ankle (patient 2). i;
5. Ankles with and without radiological valgus: age, dura- =
tion of follow up, fibular shortening and Malhotra grading =373 «Z
(Tables 1, 2 and 3). There was no statistical significant g ‘g % Qg)n
difference (p=0.35) in age of patients with or without E&T | e wmu< o n g
the presence of radiological valgus deformity. The ten £
patients who developed ankle valgus had a mean age of = 2
10.4 £2.5 years while 13 patients who did not develop the 27 E
valgus deformity at ankle had a mean age of 9.3 § % % g
+2.5 years. iSE E& 8 &I K B
3 Z
The follow up duration of these two subsets of patients was Q’:z 2 :j
also not statistically significant (p =0.08). Ten ankles devel- S8 - 2
oping valgus deformity had average follow up of 45.8 months {83 2952325 ;
(range, 25-83 months) while 20 ankles which did not develop _ = E
valgus deformity had average follow up of 36.65 months T E §
(range, 27-58 months). The average regenerated fibular length ~:/ é % 2 g g
was 97.17% in ten ankles which had valgus deformity. The %ﬂ ° S
average regenerated fibular length was 99.1% when compared ; g Zz
to contralateral normal legs in cases where unilateral fibula é E %E;, 5
was harvested (n = 6). This difference was not statistically sig- 5 25218 % RN S E
nificant (p = 0.67). 2=z S I
The Malhotra grading was 1 in four harvested fibulae with- glo® o =
. . . . S| Zz 2 o S o o o o =
out radiological ankle valgus deformity (patients 11,12,14,15) = = &
again strengthening the finding that Malhotra grading alone is 52 &2 d
not a predictor of ankle valgus (see 2 above) (Table 2). ; g — o ®w = — o ¥
% = 8 QA2 =28 é
<1 3 £
Discussion :§ - N N 5
= = © N AN = = = A E
The fibular harvest is associated with several potential mor- LE % g
bidities in a growing child. Progressive ankle valgus is one of g § VRV z
the specific deformities encountered after this procedure. The | a 3
incidence of valgus deformity is 16.1% according to Nathan A= A B R a
[2]. Fragniere et al found that 45% of children had ankle E [%’i S be S o E
valgus after free fibula harvest. In their series, the deformities & = é
were severe in 25% [6]. The morbidity has most frequently ~ §D % " 2 o « §
been reported from the vascularised fibular harvest series, = < > - = =2
where regeneration of donor fibular does not occur. Sl w2 —eaxe2s <
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Moreover, in several of these series, the purpose was oncolog-
ical reconstruction requiring complete harvest of proximal or
distal portions of fibula [1].

The non-vascularised bone graft has distinction of early
donor fibular regeneration [8, 14]. Steinlechner and
Mkandawire used non-vascularised fibular grafting for recon-
struction of long bone defects after sequestrectomy in a series
of seven children. They had six fibulae with regrowth in con-
tinuity within 19.3 weeks (range, 6 to 75 weeks) [14]. The
authors opined that early restoration of fibular continuity led
to stabilization of the ankle in the donor leg and even sug-
gested reutilization of regenerated fibulae [14].

The literature on fibular regeneration and other long term
impacts on donor site after procuring non-vascularised fibular
graft in children is still scanty [7, 15]. A series of 23 children
(24 harvested fibulae) with average age 8.9 years (range, 4-14
years) reported by Gonzalez-Herranz et al showed incomplete
fibular regeneration or non-union in 14 cases (58%) [15].
There were radiological findings of distal migration of the
fibula head in 18 cases (75%, but without clinical relevance),
lateral cortical tibial thickening in five cases (21%), talar tilt in
11 cases (46%), proximal migration of the distal end fibula in
13 cases (54%), and diaphyseal valgus of the tibia in five cases
(21%). The average follow up in their series was 6.2 years
(range, 4-11 years). The study however was quite heteroge-
neous with harvest of different anatomical fibular portions
(head, proximal diaphysis, middle diaphysis, distal diaphysis,
lateral malleolus) and variable lengths of fibula graft (2-24 cm,
average 9.9 cm). There was primary tumour of fibula in seven
cases. In half of their cases, the distal tibiofibular joint was
stabilised with a suprasyndesmal screw or a Kirschner wire.
Periosteum preservation of fibula was also not uniform in all
cases [15].

Another series on harvest of non-vascularised fibula series
by Xin et al described 17 children with an average age of
8.4 years (range, 2-13 years), and mean follow-up of
31 months (range, 7-65 months) [7]. The fibula was harvested

Fig. 4 Non-continuity was
encountered in three regenerated
fibulae all in middle segment
(patients 2,10,12). Patients 2 and
10 had radiological ankle valgus
deformity but absent in patient 12.
The Malhotra grading was 1 in
patients 10 and 12 and at 2 in
patient 2 on affected side

using a periosteum-preserving technique. Variable lengths of
fibula were harvested (average 28%; range 10-58%). The au-
thors divided patients into two groups—nine harvest sites
were filled with cancellous allograft and eight with calcium
sulfate. No significant donor site complications were reported
in this series with fibular regeneration being evident in all
cases at a mean follow up of 12 weeks (range, 4-21 weeks)
[7]. Our study did not involve resection of either proximal or
distal fibular epiphysis and a uniform surgical procedure with
periosteal preservation was utilised. The fibular graft site re-
generation was a natural process and we did not use any allo-
graft or calcium supplements to augment the harvest site in
any of our patients.

Nathan et al investigated the timing of development of
ankle valgus in vascularised fibular grafting [2]. Children
were first noted to have ankle deformity 32 months (range,
20-38 months) after their primary surgical procedures. In our
series, we could not predict at what age the ankle valgus
started developing as this retrospective analysis was per-
formed about 39.4 months (range, 24-83 months) after the
index procedure. However, by this time 33% ankles had al-
ready developed radiological valgus deformity. A previous
report from our institution has prospectively analysed short
term donor site characteristics following non-vascularised fib-
ula harvest [8]. There were 16 children with 21 harvested
fibula. There was regeneration of fibula similar to the pre-
operative dimensions as early as six months in 71% of cases.
The non-continuous regeneration (29%) had no clinical impli-
cations including valgus in short term.

During weight bearing, approximately one sixth of the
weight is transmitted by fibula [16]. In a normal ankle, a
uniform axial load applied to distal tibia and fibula results in
balanced growth of lower tibial epiphysis. In fibular gap non-
unions, in weight bearing positions, there is loss of a normal
physiological load transmission through fibular side. Further,
there is upward dragging of the remaining distal fibula by the
contracted fibrous scar around the gap (tethering effect). The
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Table 3  Patients with bilateral fibular harvest with no radiological ankle valgus (n

Age in years Sex FUD FLL FLR NCR NCL Site of nc LDTA-L (degrees) LDTA-R (degrees) Talar tilt-L(degrees) Talar tilt-R (degrees) Malhotra grade L Malhotra grade R
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*In patient 10, both fibulae were harvested. The radiological ankle valgus was present in left side.

Abbreviations: FUD-follow up duration in months; FL-fibula length in cm; NC-non continuity; L-left; R-right; M3-middle third segment of fibula.

epiphyseal growth at the lateral distal tibial epiphysis is thus
inhibited by eccentrical ankle loading resulting in progressive
ankle valgus [16]. The fibular resection also leaves a mobile
distal remnant which is unable to resist pressure from the talus
during weight-bearing. In fact, shortening of the fibula, lateral
wedging of the distal tibial epiphysis, and lateral tilt of the
talus at the ankle mortise are supposed to be closely related
[11]. The anatomical obliquity of the ankle mortise in a normal
child before the age of 10 years, general laxity of ligaments in
children, and weakness of the tibialis posterior muscle are
other factors postulated for ankle valgus [1, 2].

Multiple techniques have been deployed to tackle the ankle
valgus following harvest: leaving a distal fibular remnant
greater than 5-6 cm, the utilization of age—residual fibula
index (age in years plus residual fibular length in centimetres)
less than 16, distal tibiofibular arthodesis, donor site fibular
osteosynthesis, scheduling surgical harvest at age older than
eight years, distal medial tibial epiphysiodesis, supramalleolar
corrective osteotomy [1-6].

A review of literature also highlights that none of the above
postulated preventive procedures is absolutely capable of
aborting the progressive valgus deformity [3, 16]. Clearly,
there are factors other than the above described which are
responsible for progressive ankle valgus. The development
of ankle valgus is probably a delayed process >6 months after
harvest [2, 8]. Adequate distal fibular support (10% of total
fibular length) had been ensured for all our cases. The clinical
examination for neuromuscular weakness in harvested limbs
at follow up was normal. The fibular continuity in length had
already been restored in 90% limbs by that time. The fibular
shortening in these cases was also not statistically significant.
The presence of a regenerated fibula in continuity and com-
parable dimensions in non-vascularised donor sites points to a
different aetiology for ankle valgus rather than the commonly
postulated mechanical theory. The lateral half of lower tibial
epiphysis has different anatomical characteristics than its me-
dial half. Vascular studies in rabbits have indicated that lower
tibial end is a composite bone formed in two portions and each
has its separate blood supply [17]. The medial half has a con-
stant blood supply whereas the lateral half is supplied from an
accessory nutrient artery. The differential physiological
epiphysiodesis of lateral epiphysis causing triplanar fractures
is already known. There was abnormal LDTA in 80%, talar tilt
in 50% valgus ankles and in 30% both LDTA and talar tilt
were abnormal. The LDTA is closely related to lower tibial
epiphysis and talar angle to medial tibiotalar ligaments and
talar dome obliquity. It still remains unknown whether their
alteration is cause or effect of ankle valgus deformity.
Development of progressive ankle valgus therefore appears
more of a multifactorial phenomenon.

There were some limitations of our study. It was a retro-
spective study where initial and immediate post-operative ra-
diographs of harvest site were not available. The calculation of
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residual fibular index was therefore not possible. Comparisons
to a normal fibula were possible only in unilateral harvest
cases. Only the longitudinal dimension of fibula in
anteroposterior radiographs was taken into consideration for
calculation purpose. The strengths of the current study were a
dedicated long term follow up study performed on a homog-
enous group consisting of only healthy fibular harvest (ex-
cluding pathological fibulae). These grafts shared the uniform
characteristics of a near total fibular harvest, preserved prox-
imal and distal epiphysis with a reasonable distal fibular
support.

Our study showed that radiological ankle valgus is a com-
mon occurrence (33%) even following non-vascularised fibu-
lar harvest. The presence of a regenerated fibula in continuity
(90% legs) and almost of similar anatomical longitudinal di-
mensions (97%) did not deter development of valgus defor-
mity at ankle. The ankle valgus was found despite the pres-
ence of a normal Malhotra grading of 0 (patients 3,4,8,10).
Malhotra grading upto 1 may be considered normal in grow-
ing children with some inherent laxity in ligaments (patients
1,2,6,7,9). Further, abnormal Malhotra grading in isolation did
not predict fibular shortening or ankle valgus deformity.
Non-continuity of regenerated fibula may be one factor for
ankle valgus deformity but is not an absolute indicator for its
development (patient 12). Age of the patients too did not seem
to influence the ankle valgus deformity (p = 0.35). Since, the
development of ankle valgus deformity in children appears to
be a delayed and a progressive phenomenon, there is a need to
keep these children under regular follow up. More research is
warranted to decipher the exact characteristics of this
pathology.
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