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Abstract 

Background: Evans calcaneal lengthening osteotomy is used to treat symptomatic flexible flatfoot when conserva‑
tive treatment fails. Grafts such as autologous iliac bone grafts, allografts, and xenografts are implanted at the osteot‑
omy site to lengthen the lateral column of the hindfoot. This study aimed to present the outcomes of an autologous 
mid‑fibula bone graft used for calcaneal lengthening in symptomatic pes valgus in adolescents.

Methods: We retrospectively examined 23 ft of 13 adolescents who underwent surgery between July 2014 and Janu‑
ary 2018. The radiological and clinical outcomes (American Orthopaedic Foot and Ankle Society ankle‑hindfoot scale 
scores) were assessed during a mean follow‑up of 49.7 (range, 30.9–73.4) months. The mean distance of the lengthen‑
ing site was measured to evaluate graft sinking or collapse. The Goldberg scoring system was used to determine the 
degree of union at the donor and recipient sites.

Results: The calcaneal pitch and the anteroposterior and lateral talo‑first metatarsal (Meary) angles showed signifi‑
cant correction, from 14.4 to 19.6 (p < 0.001), and from 14.5 to 4.6 (p < 0.001) and 13.5 to 8.5 (p < 0.001), respectively. 
The mean distance of the lengthening site showed no significant change (p = 0.203), suggesting no graft sinking 
or postoperative collapse. The lateral distal tibial angle showed no significant difference (p = 0.398), suggesting no 
postoperative ankle valgus changes. Healing of the recipient and donor sites occurred in 23 and 21 ft, respectively. 
The American Orthopaedic Foot and Ankle Society ankle‑hindfoot scores improved significantly, from 68.0 to 98.5 
(p < 0.001).

Conclusions: Evans calcaneal lengthening using an ipsilateral mid‑fibula bone autograft resulted in significant 
improvement in clinical and radiological outcomes without ankle valgus deformity. Hence, it could be a treatment 
option for lateral column calcaneal lengthening in adolescents.

Keywords: Flexible flatfoot, Evans calcaneal lengthening, Ipsilateral mid‑fibula bone autograft

© The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecom‑
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Background
Pes planovalgus is described as a low or absent medial 
longitudinal arch with the hindfoot in excess val-
gus alignment and forefoot abduction [1]. Flexible pes 

planovalgus refers to the ability of the subtalar joint and 
longitudinal arch to reverse the alignment. Flexible flat-
foot is common in children and usually diminishes with 
age, and those affected are mostly asymptomatic [2]. 
Symptomatic flatfoot may present with pain in the sinus 
tarsi or plantar medial aspect of the midfoot [1, 2]. Most 
children and adolescents with flexible flatfoot do not 
require intervention. The indications for surgery include 
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failure of conservative treatment and intractable pain [1, 
3]. Operative interventions include osteotomies, arthro-
desis, arthroereisis, and soft tissue procedures [1–5].

Evans calcaneal lengthening osteotomy, which was 
modified by Mosca, has been used to treat symptomatic 
pes planovalgus [3, 5, 6]. It realigns the foot by lengthen-
ing the lateral column and allowing further bone growth. 
Lateral column lengthening in adolescents with pes 
planovalgus has good radiological and clinical outcomes, 
with high patient satisfaction [7]. Graft selection includes 
autologous iliac bone grafts (AIBG), allografts, and xen-
ografts. The disadvantages of allografts are the lack of 
osteoinductive and osteogenic properties that may lead 
to non-union, risk of disease transmission [8, 9], and allo-
graft bone failure [10]. However, in anterior cervical dis-
cectomy and fusion, studies have reported the successful 
use of fibular allografts and instrumentation with accept-
able rates of fusion and less postoperative pain [9, 11, 12]. 
Autologous bone grafts have good osteoinductive and 
osteogenic characteristics. However, donor site morbid-
ity of AIBG remains a major concern. Studies have shown 
that non-vascularized autologous fibular grafts used in 
the reconstruction of bone defects and treatment of non-
union of long bones in pediatric patients is a good option 
[13, 14]. To the best of our knowledge, no study has 
described the use of autologous mid-fibula bone grafts in 
Evans calcaneal lengthening.

This study aimed to present the clinical and radiologi-
cal outcomes, including the degree of autograft incorpo-
ration and donor site union, using ipsilateral mid-fibula 
autograft in adolescents with pes planovalgus.

Materials and methods
From July 2014 to January 2018, medical records were 
obtained and retrospectively examined after approval by 
the institutional review board of our hospital. The inclu-
sion criteria were skeletally immature adolescents and 
patients with flexible pes planovalgus who were treated 
conservatively for at least 1 year before surgery. Exclusion 
criteria were rigid pes planovalgus, cerebral palsy, and 
endocrine and metabolic diseases. Information regard-
ing the patients’ sex, age at the time of surgery, body mass 
index (BMI), affected side (right, left, or bilateral), and 
length of follow-up were obtained by reviewing the medi-
cal records.

Surgical technique
Initially, gastrocnemius release was performed in the 
musculotendinous junction of the gastrocnemius, as 
described by Strayer [15], with the patient in the supine 
position under general anesthesia. The fascial part of the 
gastrocnemius was released from the medial to the lat-
eral direction. Modified Evans calcaneal lengthening 

osteotomy, as described by Mosca, was performed by a 
senior pediatric orthopedic surgeon. A calcaneocuboid 
(C-C) joint was identified. A 4-cm skin incision was made 
over the anterolateral region of the distal calcaneus. Dis-
section was performed, and the sural nerve was pro-
tected. Z-lengthening was performed for the peroneus 
brevis tendon. The C-C joint was temporarily fixed using 
a K-wire to prevent C-C joint subluxation. The probe 
was inserted over the dorsal surface of the calcaneus to 
explore the interval between the anterior and middle 
facets, and osteotomy was performed through the inter-
facet interval. The osteotomy was performed 1–1.5 cm 
proximal to the C-C joint in the anterolateral distal cal-
caneus. A surgical elevator was inserted in the osteotomy 
site, and the distal calcaneus fragment (dCF) was raised 
to correct the abduction of the forefoot. The degree of 
lengthening under fluoroscopy could be used as a refer-
ence for the degree of correction of forefoot abduction.

A 5-cm skin incision was made over the mid-lateral 
ipsilateral leg. Dissection was carried out, followed by 
splitting of the deep fascia. After the deep fascia was 
split, dissection was performed along the posterior 
intermuscular septum to avoid injury to the superficial 
peroneal nerve. This nerve is usually located over the 
anterior intermuscular septum. The fibula was encoun-
tered after the periosteal elevation. The autologous bone 
graft was harvested from the mid-third ipsilateral fibula 
and was approximately 1 cm in length and trapezoid in 
shape (Fig. 1A, B), depending on the degree of correction 
of forefoot abduction. Two types of saws were used for 
autograft harvesting: Safedge™ Precision Thin (Stryker, 
NJ, USA) and an oscillator blade (ConMed, NY, USA). 
Normal saline cooling was performed when the mid-
fibula was sawed. The bone defect of the fibula was filled 
with a synthetic bone graft substitute, BICERA™ (Han-
nox International Corp., Taipei City, Taiwan), composed 
of hydroxyapatite (60%) and β-tricalcium phosphate 
(40%). The deep fascia of the lateral compartment muscle 
from the harvest site was closed. The trapezoid-shaped 
bone graft was impacted to the osteotomy site with the 
long side of the graft facing the lateral border of the foot. 
The orientation of the bone graft at the osteotomy site 
is shown in the AP (Fig. 1C) and lateral views (Fig. 1D). 
Supplemental 0.062″ K-wires or a pre-contoured locking 
plate (DARCO™, Wright Medical Technology, TN, USA) 
fixation was used for stability. The processing of the har-
vested bone graft and graft size are shown in Fig. 1E and 
F, respectively. Postoperatively, the foot was protected 
with a short leg cast with 2 weeks of non-weight bearing 
and progression to full weight bearing for 4 weeks. After 
4 weeks, the cast was removed, and full weight bear-
ing was allowed in normal shoes. Sports activities were 
allowed after radiographic evidence of bone union.
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Radiographic and clinical function evaluation
Radiographic foot radiographs were obtained using a 
UT2000 X-ray machine (Philips Research, Eindhoven, 
Netherlands). All radiographic images were digitally 
acquired, and radiographic indices were measured using 
Universal Viewer Zero Footprint® software (GE Health-
care, Barrington, IL, USA). Foot alignment was evaluated 
by measuring the weight-bearing lateral calcaneal pitch, 
AP and lateral Meary (talo-first metatarsal) angle, and 
lateral distal tibial angle (LDTA) (Fig. 1) at 1, 3, 12, and 
24 months postoperatively. The LDTA was used to eval-
uate valgus deformity of the ankle. A small lateral talo-
first metatarsal (T-1st MT; Meary) angle indicates less 
pes planus of the midfoot; a small AP T-1st MT (Meary) 
angle indicates less abduction of the forefoot and hind-
foot. All radiographs were taken using standardized pro-
cedures per the guidelines outlined in the textbook of 
radiology [16]. The normal values of these angles are as 
follows: weight-bearing lateral calcaneal pitch, 25 °(2 SD 
range, 15 °to 30 °); AP Meary angle, 10 °(2 SD range, − 10 
°to 20 °), and lateral Meary angle, 5 °(2 SD range, − 7 °to 
20 °) [17]. The normal LDTA range is 86–92 ° [18]. The 
fibula donor site and calcaneus lengthening site were 
also evaluated to examine the degree of union by AP 

scanography and lateral radiography of the ankle, respec-
tively. All radiographic measurements were performed by 
three of the authors to assess the interobserver reliability.

The union of the bone graft substitute to the ipsilat-
eral fibula and the autologous bone graft to the calcaneal 
osteotomy site were evaluated using the Goldberg scoring 
system, and three categories were chosen [10, 19]. On AP 
scanography radiographs, the first category evaluates the 
graft appearance, which gets a score of 0 for resorbed, 1 
for mostly resorbed, 2 for largely intact, and 3 for reor-
ganized. The second and third categories evaluated bony 
union, which received a score of 0 for non-union, 1 for 
possible union, and 2 for radiographic union at the proxi-
mal and distal ends of the graft, respectively. A score 
lower than 6 at 9 months after surgery was defined as radi-
ographic graft non-union; the highest possible score was 7 
points, which represented graft incorporation with excel-
lent reorganization of the graft [10].

The lengthening distance of the calcaneal osteotomy 
site, where an autologous fibula graft was inserted, was 
measured using AP and lateral radiographs of the stand-
ing foot. Distance α and β represent the longest distance 
between the distal(dCF) and proximal calcaneal frag-
ments (pCF) under AP and lateral views, respectively 

Fig. 1 Orientation of autologous fibular graft. A and B The autologous bone graft harvested from the middle third of the ipsilateral fibula, 
approximately 1 cm in length and trapezoid in shape. C and D The orientation of the bone graft in the osteotomy site in the anteroposterior and 
lateral views, respectively. E and F The processing of the bone graft harvested and size of graft
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(Fig.  1). The mean distance (MD) of lengthening was 
defined by the following equation: MD = (α + β)/2. 
Greater MD shortening may indicate graft collapse or 
graft sinking into the calcaneus [10, 20].

Clinical outcomes were evaluated using the American 
Orthopaedic Foot and Ankle Society (AOFAS) ankle-
hindfoot scale preoperatively and at 12 and 24 months 
postoperatively. The scoring system consists of nine 
domains under three different categories—pain, func-
tion, and alignment—with a total of 100 points. The vis-
ual analogue scale (VAS) was used to assess the ipsilateral 
fibula donor site at 12 and 24 months postoperatively.

All statistical analyses were performed using SigmaPlot 
14.0® (Systat Software Inc., CA, USA). One-way ANOVA 
and post hoc Bonferroni tests were used to investigate 
the statistically significant differences between the paired 
data. Statistical significance was set at P < 0.05.

Results
A total of 25 ft of 15 teenagers were operated during 
this period. Two feet of two patients were excluded: 
one because of rigid flat foot and one because of cer-
ebral palsy. A total of 23 ft of 13 teenagers (nine boys 
and four girls), with a mean age of 12.3 (range, 11–16) 
years were included in the study. The mean follow-up 
was 49.7 (range, 30.9–73.4) months. The mean BMI was 
23.6 (range, 14.7–35.3) kg/m2. Ten patients underwent 
calcaneal lengthening of the other foot after 7.3 (range, 

2.8–11.8) months. K-wire fixation was performed in 4 ft, 
and locking plate fixation was performed in 19 ft.

Radiographic measurements
Significant improvement was found in the calcaneal pitch, 
lateral Meary angle, and AP Meary angle at 1, 3, 12, and 
24 months postoperatively compared with those preop-
eratively (Fig. 2). At the 24-month follow-up, a significant 
increase of 5.2 °in the calcaneal pitch, a significant decrease 
of 5.2 °in the lateral T-1st MT angle, and a significant 
decrease of 9.8 °in the AP T-1st MT angle was observed 
(Table  1). No statistical significance was observed in the 
LDTA at 12 and 24 months postoperatively, suggesting 
no ankle valgus deformity in radiographic measurements 
(Table 1).

The MD of the lengthening site was measured, and 
no significant difference was observed at 3, 12, and 
24 months compared with 1 month postoperatively 
(p = 0.203) (Table  2). These findings suggest no graft 
sinking into the calcaneus or graft collapse at 3, 12 and 
24 months postoperatively.

Clinical outcomes and complications
The AOFAS ankle-hindfoot scale was used to evalu-
ate clinical outcomes. Significant improvements were 
observed at 12 and 24 months postoperatively. The scores 
increased from 68.0 to 97.0 and 98.5 at 12 and 24 months, 
respectively. The VAS scores for the ipsilateral fibula 
donor site were both zero at 12 and 24 months.

Fig. 2 Radiographic measures of preoperative and postoperative. Significant improvement after the operation AP, anteroposterior; LAT, lateral; M, 
months *p < 0.05, **p < 0.01, ***p < 0.001 vs. pre‑op group
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Calcaneal lengthening osteotomy with autologous 
bone grafting was union in all patients (100%) with mean 
union time of 2.5 (range, 2.3–3.2) months. The average 
union time at the ipsilateral fibula autograft donor site 
was 3.9 (range, 3.2–5.1) months postoperatively, and 
the union rate was 86.9% at the final follow-up. Figure 3 
shows a typical example of this.

Patient 6 (a 13-year-old girl) had asymptomatic nonun-
ion at the bilateral mid-fibula donor site. Patient 2 had a 
superficial wound infection in one foot 2 weeks after the 
operation, which resolved after 1 week of oral antibiotics. 
No other complications, such as calcaneal cuboid joint 
subluxation, were noted.

Table 1 Summary of radiographic measures

Meary angle indicates talo-first metatarsal angle

Abbreviations: LAT Lateral, AP Anteroposterior, LDTA Lateral distal tibial angle, M Month

*p < 0.05, **p < 0.01, ***p < 0.001 vs. pre-op group

Mean pre-op 
(Mean ± SD)

Mean 12 M postoperative 
(Mean ± SD)

P value Mean 24 M postoperative 
(Mean ± SD)

P value

Calcaneal pitch 14.4 ± 4.4 19.5 ± 4.6 < 0.001 19.6 ± 5.1 < 0.001

LAT Meary 13.5 ± 4.8 8.4 ± 4.7 < 0.001 8.5 ± 5.4 < 0.001

AP Meary 14.5 ± 8.0 4.3 ± 3.1 < 0.001 4.6 ± 3.1 < 0.001

LDTA 89.5 ± 1.9 89.1 ± 1.8 0.398 88.7 ± 1.9 0.398

Table 2 Mean distance of the lengthening site

Abbreviation: M Month

*p < 0.05, **p < 0.01, ***p < 0.001 vs. Postop 1 M group

Postop 1 M 
(Mean ± SD)

Postop 3 M 
(Mean ± SD)

Postop 12 M 
(Mean ± SD)

Postop 24 M 
(Mean ± SD)

P value

Mean 
Distance 
(cm)

0.9 ± 0.12 0.85 ± 0.12 0.83 ± 0.10 0.86 ± 0.10 0.203

Fig. 3 A and B A 13‑year‑old boy with symptomatic right flexible flatfoot. C and D One‑month postoperative radiograph showing correction 
of the calcaneal pitch and the anteroposterior and lateral Meary angles with mild calcaneocuboid (CC) joint subluxation. E and F Three‑month 
postoperative radiograph showed full union and no graft sinking or graft collapse at the lengthening site. The CC subluxation showed improvement 
and the clinical outcome was excellent. G Preoperative and H 3‑month postoperative clinical photos
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Discussion
The lateral column lengthening technique corrects hind-
foot and midfoot deformity and reorientation and locali-
zation of the sustentaculum tali to lift the talonavicular 
joint. A systematic review reported good clinical and 
radiological results in the medium term, with high patient 
satisfaction and an acceptable level of complications [7]. 
However, complications associated with the technique 
were noted, including nonunion of the osteotomy, dorsal 
displacement of the anterior calcaneal tuberosity, calca-
neocuboid subluxation, overcorrection, undercorrection, 
relapse of deformity, and injury of the sural nerve and 
peroneal tendon [7, 21]. Lateral column lengthening has 
been shown to increase lateral plantar pressure and may 
be associated with lateral-side foot pain. Lateral plantar 
foot pain has been reported in 8 to 45% of patients [22, 
23]. Pedobarometry studies have shown lateralization of 
the center of pressure over the hindfoot and midfoot [24]. 
After lengthening, the increased lateral plantar pres-
sure was measured [25]. In our study, no lateral-side foot 
pain was observed. Osteoarthritis of the adjacent joints, 
including the calcaneocuboid and talonavicular joints, 
was also not found at the final follow-up.

Variants of the original technique, such as Z-osteotomy 
and double calcaneal osteotomy with minimally invasive 
surgery, have been reported to minimize complications 
[26, 27]. However, studies have investigated the incidence 
and risk factors of allograft bone failure after calcaneal 
lengthening. The risk of radiographic graft failure, as 
determined by the Goldberg score, was found to increase 
with age [28]. Other factors such as sex, affected side of 
the body (right or left), and ambulatory status were not 
associated with the Goldberg score. The choice of graft 
plays an important role in calcaneal lengthening.

Autografts, allografts, and xenografts have been 
used for calcaneal lengthening osteotomy in the treat-
ment of symptomatic pes planovalgus. Evan used tri-
cortical bone taken from the tibia [29], while AIBG 
has been used more widely when choosing autologous 
bone grafts in recent years. A local tricortical autograft 
obtained from the extra-articular part of the calcaneus 
was recently reported [30]. Structural bone allografts, 
including the tricortical iliac crest and patellar and 
fresh-frozen structural allografts have also been used 
for calcaneal lengthening [5, 7, 10, 31, 32]. A systematic 
review reported that structural allografts appear to be 
at least non-inferior to autologous grafts with respect 
to the odds of union in hindfoot surgery [33]. However, 
this systematic review included 10 articles, including 
adults and children, and most studies have reported 
hindfoot arthrodesis surgeries. Moreover, there may be 
some concerns regarding mechanical strength during 

the processing of allografts, which may result in graft 
collapse and flatfoot recurrence [34, 35]. The rate of 
radiographic graft failure using the Goldberg score was 
4, and 1% of all patients underwent reoperation [10].

The Goldberg scoring system has been used for fro-
zen bone allograft incorporation [19]. Although com-
puted tomography is a better method for evaluating 
graft incorporation, it is not covered by the national 
health insurance in the authors’ country. Therefore, we 
used the Goldberg scoring system for the incorporation 
of autologous bone and bone graft substitutes.

Many studies have compared autografts and allo-
grafts with different results and complications [32, 36–
39]. Autologous cortical bone grafts are incorporated 
quickly owing to their superior osteoinductivity, oste-
oconductivity, and biomechanical resistance [39–42]. 
However, harvesting autologous bone grafts may cause 
donor-site morbidity. A recent prospective study inves-
tigated donor site morbidity after anterior iliac crest 
bone grafting in 33 children and adolescents (34 hips) 
[43]. A visual analogue scale score was used to differ-
entiate between the pain at the donor site and that at 
the recipient site, and a positive correlation was estab-
lished between the measurements. Pain from autograft 
harvest was more intense in patients who underwent 
flatfoot surgery than in those who underwent other 
corrective osteotomies [20, 43]. In our series, there was 
no graft collapse, recurrence of flatfoot, and no com-
plaints of donor site pain at the final follow-up.

In weight bearing, the fibula contributes to ankle sta-
bility and transmits approximately 17% of the axial load 
[44]. In previous case-series studies, mid-fibula resec-
tion did not cause a biomechanical disturbance in gait 
and ankle instability [45, 46]. However, donor site mor-
bidity following fibular resection has been reported, 
including pain, perceived weakness, perceived instabil-
ity, and paresthesia [46, 47]. In our study, approximately 
1 × 1 × 1 cm trapezoidal grafts were harvested from 
the mid-fibula, and bone graft substitutes composed of 
hydroxyapatite (60%) and β-tricalcium phosphate (40%) 
were implanted into the defect. The clinical outcomes 
were evaluated using the AOFAS ankle-hindfoot scale 
and were satisfactory at 12 and 24 months of follow-
up. The stability domain of the AOFAS ankle-hindfoot 
scale score was full. Graft subsidence or collapse was 
not observed in the present study. AP standing scanog-
raphy also showed no ankle valgus at the final follow-up. 
However, in our case series, a 13-year-old girl presented 
with asymptomatic nonunion at the bilateral mid-fibula 
donor site. Her BMI was 18.7 kg/m2, and she had no 
endocrine or metabolic diseases. She scored 100 points 
on the AOFAS hindfoot scale at the final follow-up. Pain, 
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perceived weakness, ankle instability, or paresthesia was 
not observed.

In our study, we used a mid-fibula autograft for calca-
neal lengthening. At 1 month postoperatively, the foot 
radiography of all patients showed some graft incorpora-
tion over the lengthening site according to the Goldberg 
scoring system. Therefore, we allowed full weight bearing 
at 1 month postoperatively.

To our knowledge, no study has described the use of 
autologous mid-fibula bone grafts for calcaneal lengthening 
in symptomatic pes valgus in adolescents. The AIBG and 
allografts are widely used. However, resorption followed by 
allograft collapse is also a disadvantage, and revision surgery 
may be needed later. The reported donor site morbidity and 
more intense pain when harvesting AIBG are the main con-
cerns. Therefore, ipsilateral fibula cortical autograft could be 
another choice for calcaneal lengthening surgery.

This study had the following limitations: no control 
group, small number of patients, shorter follow-up dura-
tion, and no kinematic analysis. Our study also lacked 
clinical measures. A systematic review showed that 
foot posture index – Six item version (FPI – 6), Staheli 
arch index or Chippaux-Smirak index, may be the pre-
ferred methods of paediatric foot posture measurement 
[48]. Further investigations and long-term follow-up are 
required to demonstrate its efficacy.

Conclusion
Evans calcaneal lengthening using an ipsilateral mid-fib-
ula bone autograft resulted in significant improvement in 
clinical and radiological outcomes without ankle valgus 
deformity. Hence, it could be a treatment option for lat-
eral column calcaneal lengthening in adolescents.
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