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Abstract This article studies the incidence and magnitude
of delayed callus subsidence, which will also help in study
the hypothesis of three cortex corticalisation to determine
the time of fixator removal during distraction osteogenesis
(DO). Eighty-one tibia segments with mean lengthening
of 7.7+£2.9 cm were studied with age, gender, skeletal
maturity, amount and percentage of lengthening, callus
pattern, callus shape, number of cortices seen at the time
of fixator removal, bone mineral density (BMD) ratio, and
callus diameter ratio analysed for their effect on callus
subsidence. All segments had tibia callus subsidence
ranging from 4 mm to 3.2 cm with 54% having significant
subsidence of more than 1 cm. Multivariate regression
analysis revealed only the amount of lengthening and
callus patterns to be significant. In conclusion, we can say
that tibia callus subsidence is a significant delayed
complication and factors affecting it can be used to
determine the time of fixator removal.
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Résumé Le but de ce travail est d’évaluer I’importance du
régénérat et de vérifier I’hypothése selon laquelle il est
nécessaire d’avoir une corticalisation des 3 corticales avant
d’enlever le fixateur lors d’allongements de membres. 81
tibias ont été allongés en moyenne de 7.7 a 2.9 cm et
analysés en fonction de I’age, du sexe, de la maturité
squelettique et du pourcentage d’allongement, de méme en
ce qui concerne I’évaluation du cal et le nombre de
corticales consolidées au moment de 1’ablation du fixateur.
Nous avons également réalisé une étude densitométrique
(BMD). Tous les régérats osseux, au niveau du tibia,
avaient un écart au niveau du cal osseux de 4 mm a 3,2 cm,
54% ayant un écart de plus d’1 cm. L’analyse statistique
a montré que les facteurs significatifs étaient surtout dis
a I'importance de I’allongement. En conclusion, dans
I’allongement du tibia,nous pouvons affirmer que 1’aspect
du régénérat est un facteur important qui doit étre pris
en compte pour déterminer le moment de I’ablation du
fixateur.

Introduction

The concept of distraction osteogenesis (DO) was estab-
lished by Codivilla [8] and detailed by Ilizarov [15-17]. A
significant number of complications are associated with DO
[12, 23]. Among the delayed complications, refractures and
axial deviation have been studied extensively [11, 22, 23].
Delayed loss of length or callus subsidence has anecdotal
references in literature [1, 11, 23]. Residual limb length
inequality can occur in patients with limb length discrep-
ancy (LLD) undergoing unilateral procedure and in patients
with short stature undergoing bilateral procedure. In
addition, in bilateral limb lengthening DO can lead to loss
of gained length. Few reports point at the factors responsible
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for callus subsidence. Dynamic weight bearing [22],
incomplete bone healing at the time of frame removal
[23], age of the patient [5, 11, 23], actiology [22, 23],
amount of lengthening [3, 9, 18, 20], and callus diameter
[21] have been reported to affect the quality of the
regenerate which in turn affect the callus subsidence. Also,
radiographic appearance of callus [10, 19] and bone mineral
density [4, 14] help to assess the quality of the regenerate.
This study focuses on detailed examination of incidence
and amount of callus subsidence in tibia lengthening by
distraction osteogenesis using the Ilizarov apparatus.

Material and methods

A retrospective analysis was performed involving 81 tibia
segments in 48 patients that underwent tibia lengthening
using the Ilizarov ring apparatus. Thirty-three patients had
bilateral lengthening, and 15 patients had unilateral length-
ening. Average age at surgery was a mean of 15.1 years
(range 646 years). There were 40 females and 41 males
included in the study with 23 segments in skeletally mature
and 58 segments in skeletally immature patients.

Operative and follow-up details

Monofocal metaphyseal corticotomy at the proximal tibia
was done in all cases with application of the modified
Ilizarov ring apparatus using fully threaded Schanz pins to
increase the stiffness of the apparatus. Corticotomy was
performed after longitudinally incising the periosteum. Drill
holes were made and then connected with a small osteotome.
Completion of the osteotomy was confirmed under an image
intensifier and then the periosteum was re-sutured.

Distraction was started seven days post surgery at a rate
of 0.25 mm four times a day, and biweekly radiographs
were taken during the distraction period with monthly radio-
graphs thereafter. All patients were mobilised with partial
weight bearing with axillary crutches during the distraction
and maturation periods. The fixator was removed when at
least three callus cortices were seen on plain radiographs and
patients were mobilised first with a long knee cast with
axillary crutches and then with a short leg brace and gradual
increase in weight bearing until they could walk fully weight
bearing with no discomfort.

Evaluation technique

All the radiographs were taken digitally (StarPACS, Infinitt,
Pi View Star 5.0 6.0). The maximum amount of distraction
was measured from the radiograph at the end of distraction
period. We devised an indirect radiological technique to
measure the final length of the callus and tibia subsidence.
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The distance between the Schanz pins closest to the
corticotomy site was measured at the end of distraction
period. In follow-up radiographs the total length between
the bony scars of the Schanz pins was measured and the
difference in length from initial measurement was taken as
callus subsidence (Fig. 1).

Study design

Clinical factors and radiological factors were used. We used
BMD ratio and callus diameter ratio to determine the
strength of the callus. All patients were classified into
various groups for analysis:

(a) Aectiology. All segments were placed into four groups
according to aetiology: the dysplasia group (48 seg-
ments), LLD group (15 segments), idiopathic short
stature (ISS) group (six segments), and hormonal
group (ten segments).

(b) Age. Patients were classified into three groups: age less
than ten years, ten to 20 years, and more than 20 years.

(¢) Gender.

(d) Skeletal maturity.

(e) Amount of tibia distraction. Patients were classified
into three groups: <5 cm, 5-10 cm, and >10 cm. For
the three lengthening groups the distraction period
(from day of starting distraction until the end of
distraction), the maturation period (from the end of
distraction until the time of adequate three cortices
corticalisation and removal of fixator), and the total
fixator period (from the day of fixator application until
fixator removal) were calculated.

(f) Percentage of tibia distraction. Patients were classified
into three groups: <25%, 25-50%, and >50%

(g) Bone mineral density. The BMD calculated by DEXA
scan was available only for 36 patients in the series. A
BMD ratio was calculated by taking the ratio of BMD
of the callus and BMD of the normal bone.

(h) Callus diameter ratio (CDR). CDR was calculated by
measuring an average of the anteroposterior and lateral
diameters of the callus and dividing it by an average of
the diameters of the proximal and distal corticotomy
ends.

(i) Callus pattern. We used the method by Li et al. [19] that
classified different callus patterns based on the radio-
graphic appearance of callus pattern, density, and shape.

To study the hypothesis that presence of three cortices at
the time of fixator removal prevents tibia subsidence we
divided the patients into two groups. At the time of fixator
removal all segments had at least three cortices regenerated.
We further classified on the basis of the fourth cortex: type
1 when the fourth cortex was deficient and type 2 when the
fourth cortex was also well consolidated. Since amount of
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Fig. 1 Method of measurement
of callus subsidence by measur-
ing from the Schanz pins closest
to the osteotomy sites (a) and
later measuring between the
bone scars of the same Schanz
pins on follow-up radiographs

(b)

A

lengthening is now considered a very important prognostic
factor during distraction osteogenesis, we combined these
factors to further study the hypothesis. Each group of
amount of lengthening and percentage of lengthening was
further divided into two groups on the basis of presence and
deficiency of fourth cortex, and mean subsidence value was
compared between these groups.

Statistical method

A univariate analysis was performed for all patient groups,
with binary groups analysed using unpaired ¢ tests and the
ANOVA test in the remainder of the groups. A p value of
0.05 was taken as significant. A multivariate regression
analysis was also performed to check the significance of all
these factors. Since BMD values were available for only 36
patients, the BMD ratio was not included in multivariate
analysis. Also, since there existed a very close correlation
between the amounts of lengthening and lengthening percent-
age, we excluded the lengthening percentage from the
multivariate analysis to decrease the confounding effect.

Again, p values less than 0.05 were taken as significant in
the multivariate regression analysis.

Results

For the entire group the mean amount of total tibia
lengthening was 7.7+2.9 cm (range 2.2-13.4 cm) and
mean percentage lengthening was 36.25+20% (range 6—
86%) of the original tibia length. In the group with less
than 5 cm distraction the mean distraction period was 2.1
months, mean maturation period was 3.8 months, and the
mean fixator period was 5.05 months. For the group with
distraction between 5 and 10 cm, the mean distraction
period was 3.6 months, the mean maturation period was
5.7 months, and the mean fixator period was 10.1 months.
For the group with more than 10 cm lengthening the mean
distraction period was 4.4 cm, the mean maturation period
was 6.2 cm, and the mean fixator period was 11.1 months.

The average follow-up was 35 months (range 25—
80 months); however, measurement of the tibia subsidence
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was possible up to 12-16 months after fixator removal.
Subsidence of tibia callus was noted in all tibia segments with
mean subsidence being 1.19+0.78 cm (range 0.4-3.2 cm).
More than 1 cm loss of callus length was considered to be
significant. There were 44 segments (54.4%) with subsidence
of more than 1 cm and 37 segments (45.6%) with subsidence
of less than 1 cm. From 33 patients undergoing bilateral
lengthening, 23 had one limb with subsidence more than 1 cm
and the other limb with subsidence less than 1 cm. Five
patients of LLD had subsidence more than 1 cm.

The fixator was removed when ‘adequate’ corticalisation
was seen and adequate corticalisation was defined as 2 mm
of cortex seen with density similar to the normal bone and
three such cortices visible on radiograph. None of our
patients had nonunion, delayed union, or fracture after
fixator removal.

In the univariate analysis (Tables 1 and 2) among the
three age groups, the mean subsidence was less in the age
group of more than 20 years, yet this was not statistically
significant. Results of the ANOVA test indicate that the
dysplasia group had maximum mean subsidence while the
ISS group had minimum subsidence. The subsidence
increased significantly along with amount of tibia distraction
and percentage of tibia distraction. The tibia subsidence was
found to be significantly more in callus having a lateral shape
as compared to other shapes. The fusiform and concave
calluses have lowest mean subsidence. There were five types
of callus patterns noted on radiographs at the time of fixator
removal: types 6, 7, 8, 9, and 10. The tibia subsidence was
lowest for type 6 and highest for type 8; however, this was
not statistically significant. The tibia subsidence was signif-
icantly more when the BMD was less than 85% of normal

Table 1 Univariate analysis of various factors affecting tibia callus
subsidence

Variables No. of segments Subsidence p value
mean + SD

Gender

Male 40 1.18+0.83 0.23

Female 41 1.2+0.74

Skeletal maturity

Immature 58 1.25+0.79 0.21

mature 23 1.01+0.73

Cortical callus types

Type 1 45 1.22+0.82 0.62

Type 2 36 1.14£0.73

Callus diameter ratio

>1 29 1.12+£0.72 0.55

<1 52 1.22+0.81

BMD ratio

>0.85 16 0.81+£0.4 0.01

<0.85 20 1.26+0.65

bone. The subsidence was not statistically significant
between the two genders and CDR groups.

The groups classified on the basis of presence or deficiency
of fourth cortex did not show any statistical difference among
the mean tibia subsidence. When these groups were analysed
according to amount of lengthening, the mean subsidence
was significantly high in the typel callus group as compared
to the type 2 group when amount of lengthening was more
than 10 cm. Also, when the percentage of lengthening was
more than 50%, the mean tibia subsidence was significantly
more in the type 1 group as compared to the type 2 group
(Table 3).

The results of the multivariate regression analysis
indicate that only two factors have significant influence on
the tibia callus subsidence, namely, amount of tibia distrac-
tion and callus pattern. The multivariate analysis indicates
that subsidence increases proportional to the amount of
lengthening. Among the callus patterns the minimum
subsidence was seen with type 9 callus followed by typel0
callus with types 7 and 8 having maximum subsidence.

Table 2 Comparison among various factors affecting tibia callus
subsidence

Variables No. of segments Subsidence p value
Mean SD

Age

<10 years 29 1.266 0.827 0.23
10-20 years 35 1.269 0.810

>20 years 17 0.900 0.606
Aectiology

ISS 6 0.850 0.281

LLD 15 0.947 0.549 0.003
Dysplasia 50 1.424 0.847

Hormonal 10 0.590 0.407
Tibia distraction

<5 cm 17 0.735 0.389

5-10 cm 41 1.010 0.584 <0.0001
>10 cm 23 1.848 0.911
Percentage distraction

<25% 26 0.719 0.409

25-50% 37 1.330 0.805 <0.0003
>50% 18 1.583 0.853
Callus pattern

Type 6 18 0.989 0.801

Type 7 18 1.078 0.686

Type 8 9 1.600 0.958 0.24
Type 9 22 1.127 0.665

Type 10 14 1.429 0.890
Callus shape

Cylindrical 60 1.277 0.823

Concave 7 0.633 0.266 0.047
Fusiform 6 0.633 0.250

lateral 8 1.371 0.678

All p vales are for the unpaired 7 test
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Table 3 Analysis of tibia callus subsidence by taking into account
calluses of type 1 and type 2, amount of lengthening, and percentage
of lengthening

Amount of lengthening

<5 cm 5-10 cm >10 cm
Type 1 callus 0.97+0.68 0.96+0.5 2.2+0.86
Type 2 callus 0.55+0.25 1.04+0.63 1.3£0.87
p value 0.26 0.67 0.025
Percentage of lengthening
<25% 25-50% >50%
Type 1 callus 0.71£0.40 1.4+0.77 2.1+£0.84
Type 2 callus 0.74+0.41 1.2+0.85 1.1£0.65
p value 0.89 0.5 0.02

The values in the tables are mean subsidence + standard deviation.
Type 1 callus is segment with only three cortices seen at the time of
fixator removal. Type 2 callus is segment with all four cortices seen at
the time of fixator removal. All p values are for unpaired ¢ test

Discussion

Adequate corticalisation is defined as 2 mm of cortex seen
with density similar to the normal bone and three such
cortices visible on radiograph [11]. This theory is proposed
to help the surgeon to decide the time of fixator removal in
order to decrease the incidence of delayed complications.
Callus refractures, delayed tibia angulation, and tibia
subsidence depend on the strength of the callus to withstand
the unprotected weight bearing. Thus, the three delayed
complications of DO seem to be part of a continuous
spectrum. When the callus strength is good there is minimal
callus subsidence. When callus is weak differentially, i.e. one
side of the callus is weaker than the other side, the bone tends
to angulate on that side [2]. Lastly, a poor regenerate or
cases having delayed or nonunion with unexpected exces-
sive weight bearing will cause the callus to fracture [12].
We had no cases of fracture in our study.

Healing in patients less than 20 years of age and skeletally
immature patients has been reported to be better [11, 23].
However, this effect was restricted to callus formation and
no difference in delayed callus subsidence is seen in our
study. Noonan et al. [22] reported that tibia lengthening
in patients with ISS and LLD is associated with more
problems than lengthening in patients with bone dysplasia,
but Barreto et al. [6] reported no significant difference
between the complications of leg lengthening using the
Ilizarov technique in patients with leg length discrepancy
and those with short stature. In our study, the dysplasia
group had maximum tibia subsidence, LLD and ISS
patients had subsidence in midrange, while patients with
hormonal disorder had lowest subsidence. These results
indicate that the process of callus subsidence and process

of callus formation—consolidation during DO in these
aetiologies follow different principles. Amount of length-
ening has been a significant indicator of the outcome of
leg lengthening procedures [3, 9, 18, 20], and in our study
the tibia subsidence was also significantly affected by the
amount of lengthening, both in univariate and multivariate
analysis results, with greater amount of tibia lengthening
leading to greater tibia subsidence. Thus, caution should
be exercised during fixator removal, and regular follow-
ups should be advised in cases with greater lengthening to
detect any callus subsidence. In cases of callus subsidence,
patients can be advised to observe a period of non-weight
bearing or protected weight bearing until the callus is fully
consolidated. BMD of the regenerate has good correlation
with callus strength [14]. In our study we found that
amount of subsidence was significantly lower in patients
with BMD ratio more than 0.85 (mean £SD, 0.81+0.4 cm)
when compared with patients with BMD ratio less than
0.85 (mean £SD, 1.26+0.65 cm). Thus we can conclude
that a BMD ratio of 0.85 can be taken as a criterion to
decide the time of fixator removal with respect to prevent-
ing delayed callus subsidence. Study of callus pattern and
its correlation with clinical outcome was first performed by
Catagni [7], later by Hamanishi et al. [13], and recently by
Ru Li et al. [19]. In our study we used callus patterns seen
at the time of fixator removal with only five out of ten
patterns noted at the time of fixator removal. Our results
indicate type 9 to have the least subsidence while type
8 had maximum subsidence. According to Ru Li et al.
[19], there are three pathways of callus pattern progres-
sion; the 2—6-9 pathway is a homogeneous pathway with
the best result and the 3—7—10 is a heterogeneous pathway
with a good result. The other callus patterns are included
in mixed types and give variable results. Callus types 6, 9,
and 10 were considered good and types 7 and 8 repre-
sented abnormality in bone regeneration. Thus our results
confirm the findings of Ru Li et al. [19], and callus pattern
can be used to judge the time of fixator removal to prevent
callus subsidence. Subsidence varied significantly among
the callus shapes with fusiform and concave having
minimum subsidence, cylindrical having intermediate
subsidence, and lateral having maximum subsidence. Ru
Li et al. [19] also claimed that the fusiform and cylindrical
callus indicated better healing potential with lateral callus
having poor healing potential. However, the concave
callus also indicated poor healing potential and in our
study it had lowest subsidence. This may be due to
confounding factors such that all cases with concave
pattern had type 9 calluses and all of them had lengthening
less than 10 cm. Mamada et al. [21] demonstrated a
significant increase in the fracture rate when the CDR was
less than 80%. We did not find a correlation between
CDR and tibia subsidence in our study, but only four of
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our patients had a CDR less than 0.8 or 80% and there
were no fractures in our series.

Cases with complete formation of fourth cortex (type 2
callus) at the time of fixator removal did not significantly
decrease the overall subsidence rate when compared to
limbs having only three cortices (type 1 callus) at the time
of fixator removal. This indicates that callus with at least
three cortices visible on plain radiograph has capacity
comparable to callus having all four cortices regenerated in
resisting callus subsidence. Thus the hypothesis of remov-
ing the fixator when at least three cortices have regenerated
is a sound hypothesis to judge the time of fixator removal.
However, when these two types were compared on the
basis of amount of lengthening, patients with three cortices
at time of fixator removal had significantly more subsi-
dence than the patients with fourth cortex regenerated at the
time of fixator removal. Thus, in cases with lengthening
more than 10 cm or more than 50% of original length, it
would be advisable to wait for the fourth cortex to be fully
formed before removing the external fixator.

Our study has few drawbacks. The study tries to link
the tibia subsidence to various factors in retrospective
analysis. The results of univariate analysis showed few
factors to significantly affect the results; however, multiple
regression analysis showed only two factors, namely,
amount of distraction and callus pattern, to be significant;
thus, showing the major effect of the confounding factors in
the univariate analysis. Thus the combined results would
just help us detect the general trend in the factors that affect
the tibia subsidence. The conclusions of our study might be
stated as:

(a) Tibia callus subsidence is a significant delayed
complication seen in about half of the patients in our
series.

(b) Factors like actiology, amount of distraction, callus
pattern, callus shape, and BMD ratio significantly
affect tibia subsidence.

(c) Factors that affect tibia subsidence can be considered
in determining the time of fixator removal in tibia
lengthening by the Ilizarov ring fixator. BMD ratio
more than 0.85 significantly prevents tibia subsidence
and, in turn, prevents callus fracture and delayed callus
angulation.

(d) Patients having negative attributes at the time of
fixator removal such as BMD ratio less than 0.85,
lengthening beyond 50% or more than 10 cm, and
patients with bone dysplasia will have high chances of
callus subsidence.

(e) In cases with lengthening more than 10 cm or more
than 50% of original tibia length, presence of three
cortices seems inadequate, and extending the time
of fixator removal until the fourth cortex is also
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well formed is advisable to prevent delayed tibia
subsidence.
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