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Abstract Premature removal of the fixator after a
lengthening procedure can result in gradual bending or
acute fracture of the regenerate. We reviewed the records
of 26 patients who underwent 28 limb lengthenings
between 1997 and 2005 to assess the post lengthening
regenerate fracture rate and bone healing index when
using dual energy xray absorptiometry (DEXA) to aid in
deciding on when to remove the fixator. Sixteen male and
10 female patients with an average age at lengthening of
12.3 years underwent an average lengthening of 5.2 cm
(range, 3-9.1 cm). Nineteen femurs and nine tibiae were
lengthened. Serial monthly DEXA scans were analyzed
for bone mineral density. Bone healing indices and post
fixator removal complications were assessed. The fixators
were removed once the bone mineral density had platea-
ued to a less than 10% increase and plain radiographs
showed no obvious defects precluding fixator removal.
There were no regenerate fractures and only one fracture
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in the proximal segment of the lengthened bone after
apparatus removal and the healing index for the series
averaged 47 d/cm (range, 20-73 d/cm). Using serial
DEXA scans during the consolidation phase of lengthen-
ing has a low rate (3.6%) of fractures while maintaining
an acceptable bone healing index without excessively
increasing fixation time.

Level of Evidence: Level IV, therapeutic retrospective
study. See the Guidelines for Authors for a complete
description of levels of evidence.

Introduction

Bone lengthening has been used since the early 1900s with
Codvilla [7] reporting the first lengthening procedure in
1905 (see The Classic in this issue). In the 1950s Ilizarov
[16] advanced the principles of distraction osteogenesis.
This technique currently is used worldwide in the treatment
of limb-length discrepancies and deformities as well as in
the regeneration of large segmental bony defects in cases
of trauma, infection, and tumor [5]. Although distraction
osteogenesis yields satisfactory results, premature removal
of the fixator can result in plastic deformity or acute frac-
ture of the regenerate [5]. As such, an adequate regenerate
must be present prior to apparatus removal.

A fixator in place for extended periods is not only a
considerable psychological burden on the patient [10] but
also can lead to persistent pain [15], increased risk of pin
tract infections [32], and osteopenia [6]. The standard
method to monitor regenerate bone formation and to
determine when to remove the fixator is based on orthog-
onal radiographs and the formation of cortices in the region
of the regenerate. It is generally accepted that three to four
cortices must form before removal of the fixator [14, 21].
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However, this method of plain radiographic determination
has poor interobserver and intraobserver reliability [30].
Fractures through the regenerate reportedly range from 3%
to 50% [2, 8, 9, 14, 20, 21]. Of note, fractures through the
regenerate may not necessarily be due to early removal of
the fixator but instead due to poor quality of the regenerate
bone that may or may not respond to extended fixation.

Several methods of assessing the quality of regenerate
bone have been reported including computed tomography
[31], bone scintigraphy [11, 17], and magnetic resonance
[31]; however, these modalities are not used on a routine
basis. Dual energy xray absorptiometry (DEXA) is a
scanning technique used to determine bone mineral density
(BMD) and bone mineral content (BMC). One animal
study suggests bone mineral density directly correlates to
biomechanical strength [23] and DEXA scans have been
proposed as useful tools in assessing the regenerate quality
during the distraction phase of lengthening in humans [12,
13, 18, 24]. The question of whether or not DEXA could be
useful during the consolidation phase still remains.

We therefore assessed the regenerate fracture rate when
DEXA scanning was used during the consolidation phase
to determine the timing of fixator removal. We also as-
sessed the bone healing index and the degree of
corticalization of the regenerate at the time of fixator
removal based on DEXA.

Table 1. Data on femoral lengthening patients

Materials and Methods

We retrospectively reviewed all 30 patients undergoing 34
distraction osteogenesis lengthenings between 1997 and
2005 with an external ring fixator or uniplanar apparatus.
Patients with congenital pseudarthrosis of the tibia were
excluded. We identified 30 patients undergoing 34
lengthenings. Two patients were excluded due to insuffi-
cient densitometry and radiographic data availability. One
patient who underwent four lengthenings was not fully
followed with DEXA data for two of the lengthenings;
therefore, these two lengthenings were excluded. An
additional two were excluded for failure of regenerate
formation. Thus, we reviewed the remaining 26 patients
(28 lengthening procedures). The average age was
12.3 years (range, 3—-20 years). There were 10 female and
16 male patients. Nineteen femurs (Table 1) and nine tibiae
(Table 2) were lengthened. One male patient underwent
two lengthenings for a traumatic distal femoral physeal
arrest. One female patient underwent bilateral femoral
lengthening for hypochondroplasia (Table 3).

All surgeries were performed by the senior author
(RCH). Patients with multiplanar deformities or deformi-
ties in the tibia underwent application of an Ilizarov fixator
(Smith & Nephew Inc, Memphis, TN) and the rest under-
went application of an Orthofix fixator (LRS Limb

Case # Diagnosis Age (years) Distraction gap (cm) BHI (days/cm) Number of cortices
at removal

1 Congenital short femur 7.7 4.5 65 2

2 Infectious physeal arrest 20.1 4.0 73 N/A

3 Legg-Calve Perthes 18.3 4.2 63 N/A

4 Hemihypertrophy 12.1 4.7 41 2

5 Traumatic physeal arrest 10.2 4.0 39

6 Hypochondroplasia 13.3 74 45

7 Hypochondroplasia 13.3 7.1 51 0

8 Traumatic physeal arrest 18.9 53 52 N/A

9 Traumatic physeal arrest 15.9 5.0 39 N/A

10 Congenital short femur 13.2 5.9 52 1

11 Traumatic physeal arrest 15.5 53 54 0

12 Traumatic physeal arrest 15.0 6.0 39 0

13 Congenital short femur 4.9 4.1 59 2

14 Congenital short femur 16.8 6.5 37 1

15 Spondyloepiphyseal dysplasia 6.0 7.5 29 0

16 Infectious physeal arrest 11.8 9.0 22 1

17 Amniotic band syndrome 5.7 4.0 39 2

18 Congenital short femur 7.2 5.0 48 2

19 Congenital short femur 17.6 5.8 48 1
Averages 12.9 5.5 47

BHI = bone healing index.
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Table 2. Data on tibial lengthening patients

Case # Diagnosis Age (years) Distraction Gap (cm) BHI (days/cm) Number of cortices
at removal

1 Posteromedial tibial bow 8.6 4.6 48 2

2 Traumatic physeal arrest 17.4 3.6 61 0

3 Fibular hemimelia 35 3.0 54 3

4 Fibular hemimelia 8.2 4.5 40 2

5 Fibular hemimelia 4.0 3.7 44 N/A

6 Tibial hemimelia 15.5 43 67 2

7 Hemihypertrophy 16.0 3.6 46 2

8 Traumatic bone loss 13.7 9.1 20 2

9 Spondyloepiphyseal dysplasia 12.9 5.4 49 1

Averages 11.1 4.6 47.6

BHI = bone healing index.

Table 3. Diagnoses

Diagnosis Number Number Number
of patients of femurs of tibiae

Congenital short femur 6 6

Fibular hemimelia 3 3

Posttraumatic growth arrest 5 5 1

Posttraumatic segmental defect 1 1

Infectious physeal arrest 2 2

Spondyloepiphyseal dysplasia 2 1 1

Posteromedial tibial bow 1 1

Tibial hemimelia 1 1

Hemihypertrophy 2 1 1

Hypochondroplasia 1 2

Amniotic band syndrome 1 1

Legg-Calve-Perthes 1 1

Total 26 19 9

Reconstruction System; Orthofix SRL, Verona, Italy).
Low-energy subperiosteal osteotomies were performed in
all cases. Three femoral and nine tibial Ilizarov distractors
and 16 femoral Orthofix distracters were used.

Patients were encouraged to weightbear starting on
postoperative day two. Patients undergoing tibial length-
enings were fitted with a modified ankle-foot orthosis for
nighttime use to prevent hindfoot equinus. We began dis-
traction at a rate of 0.25 mm every 6 hours 5-7 days after
surgery.

All patients followed a standardized physical therapy
regimen. Patients were seen by a physiotherapist on post-
operative day two and given active and passive range of
motion exercises to be performed daily. The patients were
seen by our outpatient physiotherapy team on a weekly
basis to monitor range of motion and to encourage home
exercise routines. Two weeks after the surgery patients
underwent a weekly pool-based physical therapy session.

All patients were followed with standard AP and lateral
radiographs weekly during the distraction phase to assess
the amount lengthened and quality of the regenerate and
monthly during the consolidation phase for regenerate
progression and consolidation. Both authors (RCH, NS)
analyzed plain radiographs for number of cortices on AP
and lateral radiographs as well as for percentage of bony
bridging. Full radiographic analysis for the number of
cortices of the regenerate was available in only 23 of the 28
lengthenings. Radiographs were not available for 5 of the
earlier patients as these had been lost in the archiving
process. The number of cortices formed on orthogonal
radiographs (Tables 1, 2) as well as the percentage of bony
bridging was calculated.

We obtained DEXA scans (Hologic QDR 4500 BMD
machine with Discovery A version 12.01:03 software, Ho-
logic Inc, Bedford, MA) at monthly intervals during the
consolidation phase. The BMC was measured for the entire
regenerate and a BMD was calculated from this measurement
(Fig. 1). The change in BMD was followed monthly. A
minimum of three data points was required starting with the
first scan once the distraction phase was complete. Sub-
sequent scans were taken monthly. Once the increase in BMD
between monthly DEXA scans had plateaued to less than
10%, the fixator was removed provided the plain radiographs
did not show any major deficiencies or transverse lucencies in
the regenerate bone. Dynamization of the fixator was not part
of this routine prior to removal of the fixator.

The bone healing index (BHI) was calculated by the
number of days the fixator was on per centimeter of
lengthening.

Results

There were no fractures of the regenerate in this study;
however, there was one fracture in an adjacent segment of
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DXA Results 5
-y o,
GLOBAL 580 5453 0.940
R1 975 10,99 1127
R2 1219 1389 1.140
R3 2242 16.52 0.737
Net 43.82 40.86 0933

Fig. 1 A dual energy xray absorptiometry scan shows the areas
extrapolated and bone mineral content and density values.

the lengthened bone. This patient fractured through one of
the proximal half pin holes one day after removal of a
femoral unilateral external fixator. The patient was treated
with a hip spica for 10 weeks with no long-term effects.
None of the patients fractured or deformed through the
regenerate after removal of the fixator despite being
allowed to fully weight bear immediately after fixator
removal without cast or brace.

The average bone healing index was 47 days/cm (range,
20-73 days/cm). The average distraction length was
5.2 cm (range, 3-9.1 cm). The average time to removal of
the fixator once BMD had plateaued was 3.4 weeks (range,
0-10 weeks). On average, six (range, 3—11) DEXA scans
were obtained during the consolidation period.

No cases had corticalization of all four cortices of the
regenerate bone. On average there were 1.3 cortices (range,
0-3 cortices) at time of removal. The average percentage of
bony bridging in the distracted zone was 93% (range, 70—
100%). There were five cases with no cortex, seven with
one cortex, 10 with two cortices, and only one with three
cortices. There was one case in which there were no cor-
tices at the time of removal but by the 1-year followup
there was full corticalization without sequelae (Fig. 2A-F).

All patients had their external fixators removed once the
BMD plateaued except one. Patient 7 (Table 2) had the
frame removed while the BMD was still increasing. In that
case, it was decided to remove the fixator because radio-
graphs (Fig. 3) revealed sufficient bony bridging.

Fig. 2A-F The following are radiographs of a patient showing no
cortices at the time of fixator removal. These include anteroposterior
(A) and lateral (B) radiographs taken immediately before removal of
the fixator, anteroposterior (C) and lateral (D) radiographs taken
immediately following removal of the fixator, and anteroposterior (E)
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and lateral (F) radiographs taken 12 months after removal of fixator
showing no cortices at the time of removal of the fixator and full
recorticalization of the regenerate at followup without plastic
deformity or fracture through the lengthened segment.
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Fig. 3A-B The following anteroposterior (A) and lateral (B) radio-
graphs are of a patient whose fixator was removed based on adequate
bridging despite increasing bone mineral density.

There were three major complications apart from the
fracture discussed above. One patient who underwent tibial
lengthening for fibular hemimelia who previously had a
Syme’s amputation underwent a lengthening of her stump
and developed a knee subluxation that after multiple
reconstructive efforts went on to a knee disarticulation.
There was one patient with residual coronal plane defor-
mity of 15° of valgus at the tibial osteotomy site that did
not change after removal of the fixator. One patient who
underwent tibial lengthening developed a premature bony
bridge requiring a revision osteotomy. Another patient who
underwent a tibial lengthening sustained an ipsilateral
femur fracture from a major fall two weeks after removal
of the fixator. She was treated with a hip spica for 6 weeks
followed by a long-leg cast for 3 weeks before being
allowed to resume full weight bearing. There were no
serious pin site infections in our series requiring operative
intervention.

Discussion

Distraction osteogenesis has become a universally accepted
method of treating leg-length inequality and segmental
bone loss secondary to trauma, infection, and tumor.
Although many advances have been made there still remain
many problems with this procedure. One difficulty is
determining when to remove the fixator. Although early
removal of the fixator is ideal for the patient, family, and

medical caregivers, it may lead to deformity or fracture at
the lengthened site if the biomechanical properties of the
regenerate are inadequate. The purposes of this study were
to assess the fracture rate of the regenerate and the bone
healing index, and determine the number of cortices pres-
ent on radiographs at the time of fixator removal when
DEXA is used to aid in the decision making process of
fixator removal.

The major limitation of this study is that there is no
control group for comparison and therefore it is difficult to
make a firm conclusion on how DEXA influences the time
in the frame or the rate of complications. However, the
parameters of regenerate fractures and bone healing indices
have been reported in multiple other studies [2-5, 10, 20,
29, 32] and therefore adequate historical controls are
available. Also, assessing the number of cortices formed at
the time of fixator removal in a way acts as an internal
control: if the number of cortices is less than three then this
indicates that our bone healing index would have been
higher had we waited for adequate cortices to form based
on the usual criteria for fixator removal. Second, serial
DEXA scans are required on regular intervals. The ideal
method would be a one time DEXA that compares the bone
density to either preoperative or contralateral segments;
however, such a model has not yet been worked out. Third,
we made an attempt to report the minor complications;
however, because this was a retrospective review, it was
very difficult to ascertain the actual number of minor
complications especially for pin tract infections.

The decision to remove the fixator is generally based on
plain radiography and clinical examination at the time of
removal of the fixator; however, using these criteria frac-
ture rates of 30-50% [2, 8] have been reported although
rates of 10-15% [5, 20] are more common. Using DEXA to
determine when to remove the fixator provides an objective
tool in making this decision. In our series of 28 lengthen-
ings using DEXA as an aid to determine when to remove
the fixator, there were no fractures or deformities in the
regenerate zone and only one in an adjacent bone segment
resulting in a fracture rate of 3.6%. One animal study
examining biomechanical regenerate strength after dis-
traction osteogenesis in sheep suggested a direct
correlation with BMD using DEXA [23]. Although several
other radiological techniques have been described to assess
the regenerate [11, 17, 31], none are used on a routine
basis. The ideal in vivo technique in assessing the
mechanical strength of the regenerate bone remains elu-
sive. A recent paper studied the use of in vivo regenerate
axial stiffness testing after limb lengthening to determine
when to remove the fixator [1]. This may prove a valuable
tool in decreasing post fixator removal fracture rates;
however, this technique only tests axial strength of the
regenerate and not torsional or bending strengths. Other
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methods of lengthening have also been developed to avoid
such problems with external fixators. One method is
lengthening over a nail to prevent this type of complication
[22, 25, 27]. Aside from risks of infection, in many limb
lengthening cases, the insertion of a nail or correction of a
deformity over a nail is often precluded by coronal or
sagittal plane deformity.

The extended period of external fixation is perhaps the
most difficult part of the lengthening procedure for the
patient [10]. A shorter consolidation phase is ideal; how-
ever, early removal of the fixator increases the risk of
regenerate fractures. Currently, there is no objective way to
determine when the regenerate is strong enough to tolerate
fixator removal without resulting in plastic deformation or
acute fracture of the lengthened segment. Our lengthening
index of 47 d/cm appears to be at the upper limit of the
range of healing indices seen in the literature for bone
lengthening in children. Noonan et al. [20] reported a
healing index of 24 d/cm in femoral lengthenings on
average of 11 cm and 32 d/cm in tibial lengthenings on
average of 9 cm. Our healing index was closer to that seen
by Aldegheri [3] who reported a healing index of 44 d/cm
with an average lengthening of 6.6 cm. Our healing index
may in part be due to our relatively shorter average
lengthening of 5.2 cm as healing indices decrease as the
amount lengthened increases [9, 14]. Also important to
note is that in our study there was no postoperative
immobilization or protected weightbearing; whereas, in the
study by Noonan et al. [20], 36% of femoral lengthening
patients were protected for an average of 48 days and 61%
of tibial lengthening patients were protected for an average
of 37 days in above-knee casts. Another explanation for
our slightly high healing index could be a function of using
the DEXA to determine timing of fixator removal. We
speculate the DEXA results encouraged us to persist with
frames in certain cases that were at risk of fracturing, and
by doing so our fracture rate decreased but our healing
index increased. A low healing index by itself, however,
can not be considered a success. The benefits of early
removal of the fixator need to be weighed against its
potential pitfalls. The goal is to optimize the bone healing
index such that the regenerate is biomechanically strong
enough to withstand fixator removal.

We did not follow the standard guidelines of removing
the fixator only once there was formation of three or four
cortices in the regenerate bone [14, 21]. Two studies sug-
gest there are less post fixator removal fractures or
regenerative deformity when radiographs show the devel-
opment of adequate cortices [14, 21] and there is stability
in the operating room under manual stress when the fixa-
tion is uncoupled [4]. Also, in femur fractures treated with
external fixation, refracture rates correlate with the number
of cortices seen on orthogonal radiographs [28]. With an
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average of 1.3 cortices formed at the time of fixator
removal we observed no postoperative fractures. This
suggests there is more to the biomechanical strength of the
regenerate than primarily the number of cortices. This
further strengthens the need for an imaging modality such
as the DEXA that assesses bone density and therefore
indirectly assesses mechanical strength of the regenerate
bone. This assessment of the number of cortices formed
prior to fixator removal acts as an internal control in
assessing our bone healing index. If the frames were left on
until a minimum of three cortices were formed, it is very
likely that our bone healing index could have been higher
than 47 d/cm. Though the assessment of cortices on
radiographs is subject to substantial variability [30], we
believe it is imperative to follow plain radiographs during
the consolidation phase and not rely solely on bone mineral
density. There are cases in which a regenerate fails to
progress as well as cases in which there are substantial
regenerate cysts, transverse lucencies in the distracted zone
or cortical fractures. If this occurs and only bone mineral
density is followed, the fixator will likely be removed
prematurely; therefore, DEXA cannot be used as the sole
method in determining when to remove the fixator but
rather in combination with plain radiographs to optimize
timing of fixator removal.

DEXA scanning is a relatively safe procedure with low
radiation exposure. The radiation exposure for fan beam
DEXA scanners such as the Hologic QDR 4500 BMD
Scanner have been measured to be comparable to poster-
oanterior chest xray [19] with an effective dose of
17uSv[26] or approximately two days of background
radiation.

Using DEXA in conjunction with plain radiography to
determine when the regenerate BMD plateaued resulted in a
post fixator removal regenerate fracture and deformity rate
of 0% and a fracture rate of 3.6% in the lengthened bone
despite encouraging all patients to weight bear as tolerated
without cast or splint immobilization. With an acceptable
bone healing index of 47 d/cm, no fractures or bending of
the regenerate and a low fracture rate of 3.6% in adjacent
segments of the lengthened bone, we believe DEXA is a
useful adjunct in deciding on when to remove the fixator.
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