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Abstract

Purpose: Controversy exists regarding fibular status related 
to tibial alignment after congenital pseudarthrosis of the tibia 
(CPT) achieves union. We aimed to determine whether fibular 
status affected frontal plane tibial alignment post-CPT union.

Methods: Between January 2010 and December 2013, we 
followed 36 patients treated using a combined surgical 
technique (mean 6.6 years (2.2 to 9.4)). Outcome measures 
comprised medial proximal tibial angle, tibial diaphyseal an-
gulation, lateral distal tibial angle (LDTA), relative intramedul-
lary rod length and relative fibula length discrepancy.

Results: The frequency of proximal tibial valgus deformity and 
ankle valgus deformity were significantly lower in the fibular 
integrity group than in the fibular un-integrity group (proxi-
mal tibial valgus deformity: 2/17 versus 11/19; p = 0.006; ankle 
valgus deformity: 10/17 versus 18/19; p = 0.016). The mean 
LDTA was notably higher in the fibular integrity group than in 
the fibular un-integrity group (81.2° (sd 6.7°) versus 71.3° (sd 
6.6°); p < 0.001). A statistically significant difference was ob-
served in relative fibula length discrepancy between patients 

with fibular integrity (0.06 (0 to 0.11); Malhotra grade 0, n 
= 6; Malhotra grade I, n = 11) and those without (0.24 (0.01 
to 0.36); Malhotra grade 2, n = 2; Malhotra grade 3, n = 17; 
p < 0.001). Ankle valgus deformity had a significant positive 
correlation with proximal tibial valgus deformity (r = 0.402; p 
= 0.015). Patients with an intact and normal length fibula had 
a lower frequency of ankle valgus deformity than those with 
an intact but shortening fibula (1/6 versus 9/11; p = 0.035).

Conclusion: Shortening or pseudarthrosis of the fibula was 
associated with ankle valgus and proximal tibial valgus de-
formities post-CPT union.

Level of evidence: III
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Introduction
Congenital pseudarthrosis of the tibia (CPT) presents as 
a spontaneous pathological tibial fracture and scarcely 
achieves bony union; it remains a challenging condition 
to treat successfully in children. As surgical techniques for 
CPT have improved, primary bony union has exceeded 
80%.1 We have acquired a high frequency of primary heal-
ing (89% to 95%) using the combined surgical technique 
to treat CPT.2,3

Nevertheless, some complications are still unavoid-
able after the union of CPT.3,4 Tibial malalignment in the 
frontal plane existed in > 50% of patients after the union 
was achieved.5 Tibial malalignment often needs to be cor-
rected by surgery to prevent imbalanced stress distribu-
tion in the lower extremity, decrease the risk of refracture 
and maintain patients’ normal walking ability.

To date, the critical target in treating CPT is the achieve-
ment of a straight, functional extremity after bony union.6 
Some researchers stated that the intramedullary rod (IMR) 
could restore tibial alignment in CPT.7 However, tibial 
malalignment in the frontal plane cannot be avoided in 
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patients treated with IMR.8 Some authors proposed that 
an intact fibula can maintain tibial alignment,9 but Vigou-
roux et al10 disclosed that tibial malalignment was inde-
pendent of fibular pseudarthrosis.

It is still unclear whether fibular pseudarthrosis can 
affect the tibial alignment or whether fibular shortening 
correlates with tibial malalignment in the frontal plane. 
Besides, researchers seldom place much importance on 
this problem. This study aimed to identify whether fibular 
status can affect tibial alignment in the frontal plane after 
healing of pseudarthrosis.

Materials and methods
The medical records of 63 patients with CPT, who were 
diagnosed and treated at the authors’ institution between 
January 1 2010 and December 31 2013, were analyzed 
retrospectively. Inclusion criteria were: 1) no record of 
preliminary history of operations in patients with CPT; 2) 
the patients were treated by the combined surgical oper-
ation; 3) each surgery was performed or supervised by 
a single surgeon (HBM) and a postoperative follow-up 
was conducted for more than two years; 4) patients were 
preoperatively diagnosed with or without fibular pseu-
darthrosis; 5) patients achieved primary bone union that 
presented as cortex-bridging fragments with sufficient 
thickness and radiodensity at the site of tibial pseudar-
throsis after the index surgery on anteroposterior and 
lateral radiographs.11 Exclusion criteria were patients who 
underwent tibial lengthening procedures in the initial 
surgery or those with incomplete clinical data and radio-
graphic images. We excluded 27 patients and included 36 
patients (24 boys and 12 girls) with unilateral CPT in this 
study.

Surgical technique

The surgical technique, based on our previous reports,2,3 
consisted of complete resection of the pseudarthrosis and 
surrounding hamartomatous tissue, a trans-calcaneal 
IMR, namely, a Williams IMR, consisting of an indwell-
ing rod and an insertion rod, was inserted into the med-
ullary canal of the involved tibia in a proximal to distal 
direction via the talus and the calcaneus and out through 
the heel pad. Using wrapped cancellous bone grafting, a 
rectangular cortex (size 4 cm x 4 cm) was obtained from 
the outer wall of the ilium, along with as much curetted 
cancellous bone as possible that could be taken from the 
supra-acetabular region. A 1.5-mm Kirschner-wire was 
used to make several holes in the rectangular cortex and 
absorbable sutures were weaved through the rectangular 
cortex to mould a cylindrical shape. An Ilizarov external 
fixator was then fitted.

If fibular pseudarthrosis existed in patients, it was sta-
bilized by a 1.6-mm to 1.8 mm Kirschner-wire after the 
surrounding hamartomatous tissue was resected. The 
Kirschner-wire size was chosen according to the fibular 
diameter and the patient’s age at surgery.

If patients had an intact fibula, proximal fibular osteot-
omy was performed to increase compression forces on the 
ends of the tibial pseudarthrosis when the Ilizarov external 
fixator was used to keep both segments of the pseudar-
throsis secure. The treatment regimen in all patients was 
not performed distal tibiofibular synostosis during the pri-
mary surgery.

Pharmacological protocol

Intravenous pamidronate disodium was administered 
one week following the primary surgery and following 
removal of the external fixation device and at three to four-
month intervals thereafter over a two-year duration.

Postoperative management

The location through which the Kirschner-wire pene-
trated the skin was routinely disinfected with 75% alco-
hol once daily after the operation. On the first, sixth and 
12th weeks postoperatively, the radiograph films were 
obtained to observe healing conditions. When the tibial 
pseudarthrosis was consolidated, the Ilizarov external fix-
ator was removed. Then, the tibia was immobilized in a 
short-leg cast for an average of two months. When the 
cast was removed, all the patients wore a knee-ankle-foot 
orthosis until skeletal maturity to prevent refracture. The 
anteroposterior radiograph film was obtained to monitor 
the status and development of the lower leg.

For the intention of preventing ankle joint stiffness, 
with the aid of C-arm fluoroscopes, the distal end of the 
IMR in the calcaneus was pushed into the epiphysis of the 
distal tibia by a 2.5-mm Kirschner-wire at 18 to 24 months 
after tibial pseudarthrosis healed.

Medial proximal tibial angle (MPTA)

The MPTA was quantified using the medial angle between 
a line parallel to the proximal physis and another line along 
the anatomical axis of the proximal third of the tibial diaph-
yseal on an anteroposterior radiograph (Fig. 1). Using the 
contralateral limb for comparison, the proximal tibial val-
gus deformity was defined as an MPTA > 93° and a proxi-
mal tibial varus deformity was defined as an angle < 85º.3,12

Tibial diaphyseal angulation

An acute angle of the proximal tibial anatomical axis with 
the distal tibial anatomical axis was utilized to indicate the 
severity of tibial diaphyseal angulation (Fig. 1). Using the 
contralateral limb for comparison, the normal value for 
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tibial diaphyseal angulation was 0°. The tibial diaphyseal 
angulation orientation was classified as either tibial diaph-
yseal valgus deformity when the distal tibial anatomic axis 
oriented only laterally or tibial diaphyseal varus deformity 
when found only medially.

Lateral distal tibial angle (LDTA)

The LDTA was measured by the lateral angle between the 
distal tibial anatomic axis and a line created across the 
superior articular facet of the talus (Fig. 1). Using the con-
tralateral limb for comparison, an ankle valgus or varus 
deformity was confirmed when the LDTA was < 85º or > 
90º, respectively.3,13

Relative IMR length

The relative length of the IMR was calculated as the ratio of 
the IMR length over the tibial length at the final follow-up 
(Fig. 2).

Relative fibula length discrepancy

Relative fibula length discrepancy included the difference 
in the ratio between the affected fibula length and the 
unaffected fibula length divided by the unaffected fib-
ula length and the difference between the ipsilateral tibia 
and fibula of the involved limb. If pseudarthrosis of the 
fibula was present, the proximal and distal longitudinal 
lines from the pseudarthrosis site were measured to cal-
culate the affected fibula length. The relative fibula length 
discrepancy between the ipsilateral tibia and fibula of the 
involved limb was assessed using the Malhotra classifica-
tion,14 which involves four levels: i) grade 0, reasonable 
fibula length, indicating that the distal fibula physis is 
located at the level of the talar dome; ii) grade 1, slightly 
shortening, implying that the distal fibula physis is located 
at a level between the distal tibial epiphyseal line and the 
talar dome; iii) grade 2, moderate shortening, indicating 
that both the fibula and tibial physis are located at the 
same level; and iv) grade 3, severe shortening, implying 
that the distal fibula physis is located above the distal tibial 
physis and that the distal tibial epiphysis is wedge-shaped.

Fibular status

Based on continuity of the fibula when the tibial pseudar-
throsis had healed postoperatively, we classified the sta-
tus of the fibula as having: i) fibular integrity, that is, an 
unmanaged intact fibula preoperatively or pseudarthrosis 
of the fibula that had healed postoperatively; or ii) fibular 
un-integrity, in which the pseudarthrosis of the fibula had 
failed to achieve synostosis.

All outcome measurements were collected at the end 
of follow-up. If a refracture occurred, the data recorded 
prior to refracture was used.

Statistical analysis

Statistical significance was analyzed using SPSS 21.0 soft-
ware (IBM Corp, Armonk, New York). Fisher’s exact test 
was used to compare the frequencies in sex,  neurofibro-

Fig.1 Schematic illustration of the measurements obtained 
from an anteroposterior radiograph. a: Medial proximal tibial 
angle (MPTA), the angle between a line parallel to the proximal 
physis and another line along the anatomic axis of the proximal 
third of the tibial diaphyseal; b: tibial diaphyseal angulation, the 
angle between the proximal tibial anatomic axis and the distal 
tibial anatomic axis; c: Lateral distal tibial angle (LDTA), the angle 
between the tibial mid-diaphyseal line and a line created across 
the superior facet of the talus. The distal fibular epiphysis was at 
the level between the distal tibial epiphyseal line and the talar 
platform.
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matosis type 1(NF1) , proximal tibial valgus deformity, 
proximal tibial varus deformity, tibial diaphyseal valgus 
deformity, tibial diaphyseal varus deformity, ankle valgus 
deformity and ankle varus deformity between the fibular 
integrity group and fibular un-integrity group. The mea-
surement data had a normal distribution according to the 
Shapiro-Wilk test. The quantitative data are presented as 
the mean (sd) (normal distribution) or as the median and 
range (non-normal distribution). The independent sam-
ples t-test or rank-sum test (Mann-Whitney U test) was 
used to compare the LDTA, age at the time of surgery, 
relative length of the IMR, MPTA, relative fibula length 
discrepancy and follow-up duration between the groups. 
The Spearman rank correlation test was used to assess 
correlations that were considered significant if r ≥ 0.25. A 
p-value < 0.05 was considered statistically significant.

Interobserver agreements between three sets of measure-
ments taken by three observers and intra-observer agree-
ment between two sets of measurements taken by one 
observer were analyzed using an intraclass correlation coeffi-
cient (ICC) and Weighted Cohen’s kappa test. Concordance 
was determined as follows: < 0.2 (poor); 0.2 to 0.4 (low); 0.4 
to 0.6 (moderate); 0.6 to 0.8 (good); and > 0.8 (excellent).

Results
Among the 36 study patients, the right leg was affected in 
16 and the left leg in 20. NF-1 was noted in 26 patients. In 
all, 22 cases were preoperatively concomitant with fibular 
pseudarthrosis and 14 patients had an intact fibula. The tib-
ial pseudarthrosis location was in the lower-third in 35 cases 
and the middle-third in one case. According to the Craw-
ford classification15, three patients were classified as type II 
and 33 patients as type IV. The mean age at the operation 
was 2.4 years (0.8 to 7.8). The mean follow-up time was 6.6 
years (2.2 to 9.4). Refracture occurred in seven patients more 
than two years after the primary surgery. No significant dif-
ferences existed in sex, age at the time of surgery, NF1, the 
MPTA and LDTA between the fibular integrity group and fib-
ular un-integrity group preoperatively, as shown in Table 1. 
For MPTA, tibial diaphyseal angulation, LDTA and Malhotra 
classification, the ICCs and Weighted Cohen’s kappa were > 
0.7, indicating excellent agreement (Table 2).

There were 17 patients with fibular integrity at the final 
follow-up, including three cases with fibular pseudarthro-
sis and 14 cases with an intact fibula preoperatively; 19 
patients still had a non-integrity fibular pseudarthrosis 
due to failure of union (Table 3).

At the final follow-up, 35 patients could bear weight 
and walk normally, and one patient with refracture was 
immobilized in a long-leg cast. No patients had restric-
tions in terms of knee joint range of movement, however, 
ankle joint stiffness was identified in five patients, com-

Fig.2 Schematic illustration of the relative intramedullary rod 
(IMR) length .The value of cd/ab defines the relative IMR length. 
The distal fibular epiphysis was located at the same level as the 
distal tibial physis.
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Table 1 Comparisons of preoperative general information between the fibular integrity group and the fibular un-integrity group

Sex NF1 Age, yrs MPTA, ° LDTA, °

Female Male Yes No Median (range) Median (range) Median (range)

A 5 12 11 6 2.0 (0.8 to 7.8) 90 (88 to 91) 90 (88 to 91)
B 7 12 15 4 2.0 (0.9 to 8.9) 90 (89 to 92) 90 (89 to 92)
p-value* 0.732* - 0.463* 0.452† 0.196† 1.000†

*Fisher’s exact test  
†Mann-Whitney U test 
A, fibular integrity group; B, fibular un-integrity group; NF1, neurofibromatosis type 1; MPTA, medial proximal tibial angle; LDTA, lateral distal tibial angle

Table 2 Evaluation of intra- and interobserver agreements for medial proximal tibial angle (MPTA) and tibial diaphyseal angulation, lateral distal tibial 
angle (LDTA) and Malhotra classification

Observers
MPTA, ° Tibial diaphyseal angulation, ° LDTA, ° Malhotra classification

p-value*
ICC (95% CI) ICC (95% CI) ICC (95% CI) Cohen’s kappa (95% CI)

HJD-HJD 0.982 (0.965 to 0.991) 0.966 (0.934 to 0.983) 0.938 (0.879 to 0.968) 0.889 (0.797 to 0.982) < 0.001
HJD-HBM 0.908 (0.819 to 0.953) 0.857 (0.720 to 0.927) 0.849 (0.705 to 0.923) 0.778 (0.650 to 0.905) < 0.001
HJD-LYL 0.820 (0.647 to 0.908) 0.807 (0.622 to 0.902) 0.755 (0.520 to 0.875) 0.742 (0.603 to 0.880) < 0.001
HBM-LYL 0.721 (0.453 to 0.858) 0.892 (0.788 to 0.945) 0.729 (0.468 to 0.862) 0.799 (0.678 to 0.920) < 0.001

ICC, intraclass correlation coefficient; CI, confidence interval*MPTA,Tibial diaphyseal angulation and LDTA were used the ICC test; Malhotra classification was 
evaluated by Weighted Cohen’s kappa test.

Table 3 Data concerning 36 patients with congenital pseudarthrosis of the tibia in the frontal plane at final follow-up

Case No. Fibular status
MPTA, ° Tibial diaphyseal angulation, °* LDTA, °

Relative fibular length discrepancy
Contra AT Contra AT Contra AT

1 Integrity 91 90 0 0 90 89 0.01
2 Integrity 89 87 0 6 89 85 0
3 Un-integrity 88 95 0 15 89 70 0.33
4 Un-integrity 90 90 0 0 90 81 0.13
5 Un-integrity 91 102 0 5 89 75 0.01
6 Un-integrity 90 97 0 10 90 70 0.29
7 Integrity 90 90 0 0 89 88 0.10
8 Un-integrity 90 85 0 15 90 65 0.23
9 Un-integrity 88 95 0 14 89 77 0.13
10 Integrity 91 91 0 0 91 89 0
11 Un-integrity 90 95 0 8 90 76 0.24
12 Integrity 90 87 0 9 89 75 0.06
13 Integrity 90 92 0 15 90 82 0.05
14 Un-integrity 92 90 0 13 90 62 0.33
15 Integrity 91 96 0 7 90 80 0.11
16 Integrity 90 88 0 7 91 74 0.08
17 Un-integrity 90 88 0 4 91 88 0.22
18 Un-integrity 93 94 0 13 89 63 0.06
19 Integrity 91 87 0 10 90 85 0
20 Un-integrity 89 86 0 7 90 66 0.27
21 Un-integrity 90 94 0 8 89 65 0.36
22 Un-integrity 88 85 0 12 90 72 0.25
23 Un-integrity 90 99 0 0 89 68 0.28
24 Integrity 90 93 0 12 90 90 0.10
25 Integrity 90 90 0 0 90 90 0
26 Integrity 90 92 0 0 88 76 0.09
27 Un-integrity 92 93 0 16 90 70 0.24
28 Integrity 90 85 0 0 90 80 0.06
29 Un-integrity 90 94 0 13 90 65 0.22
30 Un-integrity 90 95 0 0 88 75 0.35
31 Integrity 92 87 0 10 89 79 0.09
32 Integrity 92 90 0 17 90 70 0.03
33 Un-integrity 92 110 0 0 90 75 0.22
34 Un-integrity 90 87 0 9 89 72 0.20
35 Integrity 92 97 0 0 88 71 0.02
36 Integrity 91 93 0 0 89 78 0.09

*tibial diaphyseal valgus deformity 
MPTA, medial proximal tibial angle; LDTA, lateral distal tibial angle; Contra, contralateral; AT, affected tibia
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prising four patients with pseudarthrosis of the fibula and 
one patient with fibular integrity.

MPTA

At the final follow-up, the mean MPTA was lower in the fib-
ular integrity group than in the fibular un-integrity group 
(90.3° (sd 3.3°) versus 93.4° (sd 6.2°)), but there were no 
statistical differences in MPTA between the groups (p = 
0.077). However, proximal tibial valgus deformity devel-
oped in 2/17 patients (11.8%) in the fibular integrity 
group and 11/19 (57.9%) in the fibular un-integrity group, 
and this was statistically significantly different between 
the groups (p = 0.006). None of the patients had proximal 
tibial varus deformity in this study (Figs 3 and 4).

Tibial diaphyseal angulation

In this study, no patients presented with tibial diaphyseal 
varus deformity. In the fibular integrity group, 9/17 patients 
(52.9%) developed tibial diaphyseal valgus deformity with 
a median deformity of 10° (6° to 17°). In the fibular un-in-
tegrity group, 15/19 patients (78.9%) had tibial diaphyseal 
valgus deformity with a median deformity of 12° (4° to 
16°). No between-group statistical differences were found 
in terms of tibial diaphyseal valgus deformity (p = 0.158).

LDTA

In the fibular integrity group, the mean LDTA was 81.2° 
(sd 6.7°), and in the fibular un-integrity group, the mean 
LDTA was 71.3° (sd 6.6°). The LDTA was statistically sig-
nificantly different between the groups (p < 0.001).

In the fibular integrity group, 10/17 patients (58.8%) 
with ankle valgus deformity had a mean deformity of 
76.5° (70° to 82°). In the fibular un-integrity group, 18/19 
patients (94.7%) with ankle valgus deformity had a mean 
deformity of 70.4° (62° to 81°). There was a statistically 
significant difference in ankle valgus deformity between 
the groups (p = 0.016). None of the cases exhibited ankle 
varus deformity in this study.

Relative IMR length

No statistical differences were observed in relative IMR 
length and follow-up duration between the fibular integrity 
group and fibular un-integrity group (relative IMR length 
0.64 (sd 0.14) versus 0.70 (sd 0.12); p = 0.198; follow-up 
time 6.4 years (sd 2.0) versus 6.8 years (sd 1.7); p = 0.484).

Relative fibula length discrepancy 

In the fibular integrity group, the median value was 
0.06 (0 to 0.11); six patients displayed overgrowing, five 
patients had a normal fibula length and six patients had a 
shortened fibula (Malhotra grade 0, n = 6; Malhotra grade 
1, n = 11). In the fibular un-integrity group, the median 
value was 0.24 (0.01 to 0.36) and all patients had fibular 
shortening (Malhotra grade 2, n = 2; Malhotra grade 3, 
n = 17). There was a statistically significant difference in 
relative fibula length discrepancy and severity of fibular 
shortening between patients with fibular integrity and 
those without (p < 0.001).

The severity of fibular shortening negatively correlated 
with LDTA (correlation coefficient (r) -0.694; p < 0.001).

Fig.3 Preoperative frontal (a) and lateral (b) radiographs of an 11-month-old girl with Crawford type IV congenital pseudarthrosis 
of the right tibia with an intact fibula and associated neurofibromatosis type 1. Anteroposterior (c) and lateral (d) radiographs of 
the same patient presented at 1 week after combined surgery. Anteroposterior (e) and lateral (f) radiographs show the healed tibial 
pseudarthrosis with a normal fibula length and a normal medial proximal tibial angle (A, 87º), tibial diaphyseal valgus deformity (B, 
10º), and lateral distal tibial angle (C, 85º) at 7 years after the combined surgery; the distal fibular physis was located at the level of the 
talar dome.
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Based on fibular integrity, patients were divided into 
two groups according to the extent of fibular shortening: 
the normal fibular length group (six cases) and the fibu-
lar shortening group (11 cases). No significant differences 
in tibial diaphyseal angulation and proximal tibial valgus 
deformity were observed between the groups, however, 
the normal fibular length group demonstrated a statisti-
cally significant lower incidence of ankle valgus deformity 
than the fibular shortening group (Table 4).

The relationship between proximal tibial valgus deformity and 
ankle valgus deformity

Considering that there was a significantly higher incidence 
of proximal tibial valgus deformity and ankle valgus defor-
mity in the fibular un-integrity group than in the fibular 
integrity group, we found that ankle valgus deformity had 
a significant positive correlation with proximal tibial val-
gus deformity (r = 0.402; p = 0.015).

Discussion
Regarding the fibular status when tibial pseudarthrosis 
heals, many researchers only focused on whether fibu-
lar pseudarthrosis was united. In this study, we consid-
ered the condition of fibular pseudarthrosis healing and 
relative fibula length discrepancy. We found that fibular 
pseudarthrosis could result in ankle valgus deformity and 
proximal tibial valgus deformity after the CPT union, and 
there was a significant positive correlation between ankle 
valgus deformity and proximal tibial valgus deformity. 

Even in patients with an intact fibula, fibular shortening 
can also cause ankle valgus deformity.

Some researchers believe that the involved tibia in 
patients should be amputated early to preserve extremity 
function with an adequate prosthesis because the resid-
ual deformities impair the affected lower-extremity walk-
ing function.16 One of the typical residual deformities was 
tibial malalignment in the frontal plane, which includes 
proximal tibial valgus and ankle valgus deformities and 
tibial diaphyseal angulation. To address this rather intrac-
table problem, Charnley17 first reported that using an IMR 
to transfix the talus and calcaneus successfully treated 
two cases of CPT in 1956, demonstrating that an IMR can 
maintain the involved tibial alignment and turn abnormal 
angulation strains into longitudinal compression forces 
to reduce the possibility of refracture occurrence. After-
wards, there was a shared opinion that an IMR adds sta-
bility in the medullary canal to control tibial alignment.18 
However, by applying an IMR for tibial pseudarthrosis in 
the combined surgical technique, we found that tibial 
malalignment cannot be eliminated in the frontal plane 
after the union is achieved.3 Other researchers have also 
reported that various surgical methods were used to treat 
CPT, such as the vascularized fibula or induced mem-
brane technique and induced membrane combined IMR 
technique, and that tibial malalignment remained unre-
solved.10,19 This may imply that other factors affect tibial 
alignment after the union of CPT.

In total, > 60% of CPT cases were associated with fib-
ular abnormalities or pseudarthrosis.20 Many researchers 
have previously overemphasized how to achieve a union 

Fig.4 Preoperative frontal (a) and lateral (b) radiographs of a 4-year-old boy with Crawford type IV congenital pseudarthrosis of the 
right tibia with fibular pseudarthrosis and was not concomitant neurofibromatosis type 1. Anteroposterior (c) and lateral (d) radiograph 
of the same patient taken at 1 week after the combined surgery. Anteroposterior(e)and lateral (f) radiographs suggest bone union of 
tibial pseudarthrosis with Malhotra grade 3 fibular shortening displaying proximal tibial valgus deformity (A, 95°) and ankle valgus 
deformity(B, 75°) at 4 years postoperatively; a persistent non-union of the fibula and the distal fibular physis was located above the 
distal tibial physis.
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of the tibia, and little attention was paid to treating fibular 
pseudarthrosis.

In this study, all patients were treated with an IMR, 
and the relative IMR length was not significantly different 
between the fibular integrity group and fibular un-integ-
rity group. Our results indicated that fibular pseudarthro-
sis could cause proximal tibial valgus deformity but not 
affect tibial diaphyseal angulation. However, our study 
showed that fibular pseudarthrosis could progress to 
ankle valgus deformity, which agrees with other research-
ers’ views.20,21 Nevertheless, few researchers have reported 
that fibular pseudarthrosis has a relationship with proxi-
mal tibial malalignment. Wiltse20 also reported that if dis-
tal fibular pseudarthrosis develops in children before 11 
or 12 years of age, a bone-grafting procedure should be 
performed to restore the distal length to prevent further 
ankle valgus.

In this study, we confirmed again that fibular shorten-
ing could result in ankle valgus deformity after the union 
of CPT. Moreover, our results suggest that the shorter fibu-
lar length was, the more apparent ankle valgus presented. 
The new finding of this study was proof that fibular pseu-
darthrosis can lead to proximal tibial valgus deformity. In 
addition, fibular pseudarthrosis can result in ankle valgus 
deformity, and ankle valgus deformity had a positive cor-
relation with proximal tibial valgus deformity.

Possible biomechanical mechanisms for the occurrence 
of proximal tibial valgus deformity have been proposed. 
The fibula supports between 7% and 17% of one’s body 
weight in the lower extremity during walking.22 Recently, 
Burssens et al23 found that the hindfoot’s valgus mechan-
ical axis could make the lower limb mechanical axis move 
laterally. Horn et al24 also reported using an Ilizarov exter-
nal fixator or intramedullary nail to treat 20 cases of CPT 
and 13 of 16 patients who had ankle valgus deformity at 
the final follow-up presented with a laterally displaced 
mechanical axis of the involved lower extremity. If the 
lower limb mechanical axis is displaced laterally, it could 
increase compressive loads of the lateral compartment of 
the knee joint. According to the Hueter-Volkmann law,25 
increasing pressure of the lateral compartment of the knee 
joint could inhibit lateral proximal tibial physis growth. 
Similarly, in our study, we found that ankle valgus defor-
mity had a significant positive correlation with proximal 
tibial valgus deformity. Therefore, it seems that fibular 

pseudarthrosis contributed to the formation of ankle val-
gus deformity that could cause lateral displacement of the 
lower limb mechanical axis, resulting in proximal tibial 
valgus deformity.

There are several limitations to this study. The clinical 
and radiographic outcomes in patients were not followed 
up to skeletal maturity. Because of the nature of the ret-
rospective study design, selective bias was inevitable in 
the enrolled cases, such as patients who achieved good 
union and maintained tibial alignment might have had a 
longer follow-up time and vice versa. We could not obtain 
long-standing radiographs to measure the whole lower 
extremities’ mechanical axis when patients developed 
proximal tibial valgus or ankle valgus deformity. However, 
we had crucial evidence that proximal tibial valgus defor-
mity was more likely to occur when CPT healed but with 
fibular pseudarthrosis. Since this is an uncommon disease, 
this study included only a limited number of cases; espe-
cially, there were only six patients with a normal fibular 
length in the fibular integrity group.

In summary, the status of the fibula was found to be 
associated with tibial alignment in the frontal plane post-
CPT union. Shortening or pseudarthrosis of the fibula was 
associated with ankle valgus and proximal tibial valgus 
deformities. For patients with an intact fibula preopera-
tively, a proximal fibular osteotomy is necessary to effec-
tively promote tibial pseudarthrosis healing. However, 
close attention should be paid to managing union in 
patients with pseudarthrosis of the fibula and maintaining 
a normal fibula length to reduce the occurrence of tibial 
malalignment in the frontal plane post-CPT union. More 
clinical trials are required to verify our results and to deter-
mine the mechanisms involved in proximal tibial valgus 
deformity.
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