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Gray-scale ultrasonography in the evaluation
of bone callus in distraction osteogenesis
of the mandible: initial findings

Abstract The accuracy of panoramic
radiography (RX) and ultrasound (US)
in the evaluation of both the length of
the osteotomic gap and the quality of
new bone formation in patients
undergoing mandibular distraction
osteogenesis (DO) was assessed,
verifying the results against intraop-
erative and histologic findings. In 31
patients, three RX and three US
examinations were performed after
DO. RX and US findings were each
independently compared, at the time
of distractor removal, to the direct
intraoperative measurement of the
osteotomic gap and to the histologic
evaluation of the maturity of a
resected specimen. No significant
differences (P>0.1) resulted at any
step between RX (average length:
18.19 mm) and US (18.29 mm)

measurement of the osteotomic gap. In
the assessment of the callus maturity
the difference between RX and US
(P<0.001) was statistically signifi-
cant: at the final control the maturity
score averaged 0.612 at RX, 3 at US
and 3 at histology. RX and US are
equally reliable in the measurement of
the osteotomic gap, while US is much
more accurate than RX in the evalua-
tion of the callus maturity. US-based
follow-up might allow a safe
shortening of the fixation period.

Keywords Mandible - Bone
lengthening - Ultrasonography

Introduction

First described in 1969 [1], distraction osteogenesis (DO)
has rapidly become a well-established technique in the
lengthening of underdeveloped long bones, which has
eventually been applied to mandibles [2, 3]. Mandibular
expansion by means of horizontal or vertical DO allows a
minimally invasive approach, short operation time, elimi-
nation of bone grafts and simultaneous soft tissue expansion
[3—5]. The main disadvantage of mandibular DO is the long
duration of treatment [6]: currently used protocols are
derived from those designed for long bones [7], where a
minimum latency period of 5-7 days, a distraction rate not
exceeding 1 mm per day and an average fixation period of
50-60 days after the end of active lengthening are requested
[8, 9]. A shorter fixation period might probably be applied

to mandibles [10] if reliable means of DO monitoring were
available; in particular, if it would be possible to state
beyond doubt when the mineralization of the bone
regenerate allows a safe removal of the distraction device.

In addition to its cost and radiation exposure [11],
panoramic radiography (RX) is not useful in the first period
of fixation, being inadequate to image noncalcified
structures like bone regenerate before the onset of
mineralization [12—17]. Although its expected accuracy is
higher than RX’s, computed tomography (CT) is often
significantly limited by the metal artifacts arising from the
distraction devices; it is more expensive than RX, radiation
dose is higher and sedation is necessary in young and
uncooperative patients [18, 19].

Ultrasound (US)-based follow-up of DO in limb
lengthening was introduced several years ago [11, 13, 20],
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obtaining both precise measurement of the gap between the
bone edges and early detection of foci of ossification within
the bone regenerate, and therefore achieving accurate and
noninvasive evaluation of the rate and quality of callus
formation. In more recent years, some authors successfully
applied US to the monitoring of callus in mandibles
undergoing lengthening with iliac graft and with vascular-
ized fibula flaps [21, 22] and eventually to mandibles treated
with DO [15-17, 21-23].

The purpose of this paper was to assess the accuracy of
RX and US in defining both the distance between the bone
edges and the rate and quality of callus formation in a series
of patients undergoing either horizontal or vertical DO of
the mandible, verifying the reliability of the methods
against the intraoperative and histologic findings obtained
after removal of the surgical devices; in particular, we
sought to demonstrate the usefulness of US as the sole
means of management in these patients.

Materials and methods

Informed consent was obtained by all patients prior to
inclusion in this study, which was approved by research
ethics committee board.

Surgical procedure

Between July 2002 and July 2006 31 patients (14 males
and 17 females), aged between 18 and 65 (average age:
33.5 years), underwent mandibular DO. The underlying
conditions were mandibular hypoplasia (14 cases), atrophy
(six cases) and acquired mandibular deformity due to
previous surgery (eight cases) or to trauma (three cases).

Osteotomy of the mandibular body was performed in all
patients, either along the vertical axis (this approach,
named “horizontal distraction” after the direction of new
bone growth, was applied in 18 cases: Figs. la, 2) or
horizontally (“vertical osteotomy”: 13 cases—Figs. 1b, 3),
aiming to stimulate sagittal bone apposition. Osteotomies
performed in portions of the mandible other than the body
(i.e., mandibular ramus) as well as surgical lengthening
procedures different from DO (such as elongation by
means of iliac bone or fibular grafts) were excluded from
this study.

After osteotomy, an extraosseous distraction device was
fixed to the mandible across the corticotomy with two or
three 2-mm-diameter screws on each side. Following a
latency period of 7 days, distraction was performed for 12—
45 days at arate of 0.5—1 mm per day (0.25-0.5 mm twice a
day), achieving a final lengthening of 828 mm (average:
18.2). In the subsequent neutral fixation period lasting 50—
70 days no distraction was performed; the distraction
device was surgically removed at the end of this period,
i.e., when the mineralization process was judged to be

Fig. 1 Intraoperative photographs after fixation to the mandible,
across a horizontal (a) and a vertical (b) osteotomy, of extraosseous
distraction devices

complete at US. At surgery, the distance between the
osteotomic segments was directly measured, while the
maturity of bone regenerate was determined at histologic
examination of a surgically removed specimen on the basis
of a four-point scale (0: presence of soft tissue only; 1:
scattered bony islands; 2: mineralization of more than 50%
of bone regenerate; 3: complete mineralization).

Imaging-based follow-up

All patients underwent both RX and US follow-up at the
first day after suspension of active lengthening (time T), at
mid-term (T;) of the period of neutral fixation scheduled
preoperatively on the basis of the expected callus length
(between 25 and 35 days after Ty) and (time T,) as early as
it was considered possible — should the mineralization of
the bone regenerate be judged complete — to remove the
distraction device (50-70 days after surgery). RX was
performed by means of a digital panoramic radiography
(Orthophos; Sirona Dental Systems, Bensheim, Germany).
The US study was performed with a linear transducer
(frequency range: 4-8 MHz; frequency used: 8 MHz) on a
digital last-generation scanner (Sequoia Systems; Acuson,
Mountain View, Calif., USA); US scans were always
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Fig. 2 Follow-up transverse
sonographic scans at times Ty
(a), T, (b) and T, (c) after
horizontal distraction demon-
strate the ongoing mineraliza-
tion of the bone regenerate
visible between long arrows
(a) and calipers (b, ¢). At time
T, a new cortical layer is clearly
seen at US (short arrow in c¢); in
the radiogram obtained at the
same time (d) little if any : 2 -
mineralization can be detected - TR = e T -
= R ' u i noa ".

within the osteotomic gap m
Buu nuy -

=
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Fig. 3 Follow-up sagittal sono-
graphic scans at times Ty (a), T,
(b) and T, (c) after vertical
distraction demonstrate the
progressive increase in echo-
genicity of the bone regenerate
visible between calipers (a, ¢)
and arrows (b); at time T, the
appearance of the callus is much
more similar to the adjacent
normal bone at US (¢) than it is
at RX (d)
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Table 1 Average length in millimeters of the osteotomic gap as
determined by RX and US at each step during the follow-up and by
direct intra-operative measurement at surgery (time T,) (NA not
available, NS not significant)

To T, T,
RX 18.19 18.19 18.19
UsS 18.29 18.29 18.29
Surgery NA NA 18.23
Statistical analysis NS (P>0.1) NS (P>0.1) NS (P>0.1)

conducted perpendicular to the osteotomic rim. At each
control the distance across the osteotomy was measured
with both modalities keeping 1-mm approximation; the
state of bone regeneration was evaluated on the same four-
point scale used at histology.

All US examinations were independently performed,
within the same day, by two operators (C.B. and S.M., both
of them radiologists with 10 years of experience with
sonography and RX), blinded to each other and to the
surgical and histologic findings, who recorded the
osteotomic gap length and the maturity of the bone
regenerate at the end of each examination. The same two
operators, in a different session, independently reviewed
the radiographs of all patients. In case of discrepancy
between the two observers with both imaging modalities, a
final judgement was reached by consensus.

Analysis of the results

RX and US were each independently compared with the
result of intraoperative measurement to determine their
accuracy in the evaluation of the distance across the
osteotomy. In the assessment of the maturity of the bone
regenerate, the score achieved at the histologic examination
of the resected callus specimen was considered the “gold
standard”. The statistical significance of the differences
between the performances of RX and US was evaluated by
means of paired Student’s #-test.

Results
Measurement of the distance across the osteotomy

As shown in Table 1, no statistically significant differences
emerged, at any step of the follow-up, between RX and US
measurement of the osteotomic gap; the space left between
the bony edges, as it was evaluated at surgical exploration,
was correctly defined by both methods and the ongoing
mineralization of the bone regenerate did not affect the
measurement. A consensus was not necessary in any case,
since the measurements made by both observers with both
methods never differed by more than 1 mm.

Assessment of the maturity of the bone regenerate

Both at times T; and T, the maturity score of the bone
regenerate measured by US was higher than the
corresponding figure obtained with RX (Table 2); in
particular, RX detected no mineralization in any patient at
time T;, while at time T, 12 patients scored zero and 19
patients scored 1. The difference between the RX and US
results was highly significant at statistical analysis at both
times (Table 2). The two observers agreed in the
assignment of the sonographic maturity score to all
patients, while in three cases a consensus was necessary
in the radiographic evaluation because of a one-point
difference.

Discussion

From a theoretical point of view, no obstacle exists to the
ultrasonographic evaluation of both the length of the gap
across the osteotomy and the degree of mineralization of
the bone callus, which are the most important parameters in
the evaluation of the bone regenerate in healing distraction
wounds. Before the development of a new cortical layer,
the US beam is not reflected and can easily penetrate into
the distraction gap. In such an echolucent window, new
bone apposition can be identified as small echogenic
islands appearing during the first week of neutral fixation
in the inner portion of the osteotomy, progressively
increasing in volume and coalescing and finally leading
to a sharp decrease in ultrasound beam penetration depth
[24]. The final event of bone regeneration is the formation
of an outer cortical layer, which requires 30-80 days of
neutral fixation [24] and is demonstrated at US by the onset
of a beam-reflecting hyperechoic surface, not distinguish-
able—except for its margins—from the adjacent native
bone; in the posterior acoustic shadowing, no artifactual
reverberation echoes are detected, which allows differen-
tiation of the new bony surface from oral gas.

Although in a limited number of papers, US has been
successfully used in the follow-up of limb lengthening:
both the length of the gap between the fragments and
formation and maturity of bone regenerate have been
reliably assessed [11, 13, 18, 20, 25]. In very few studies, a

Table 2 Average maturity of the bone regenerate (0-3 scale) as
determined by RX and US at each step during the follow-up and by
histology after resection of a specimen at the time of distractor
removal (time T,) (N4 not available)

Ty T T,
RX 0 0 0.612
usS 0 1.193 3
Histology NA NA 3
Statistical analysis NA P<0.001 P<0.001
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positive correlation between US and histologic findings
was demonstrated [20, 26]; in particular, in a model based
upon experimental tibial fractures in dogs, mineralized
bone was detected at histology in the areas of high
echogenicity, while iso- or hypoechoic portions contained
fibrous tissue [26]. To our knowledge there are no
published papers in which a quantitative or semiquantita-
tive sonographic evaluation of the callus mineralization,
compared with histology, was obtained.

In one experimental study on porcine mandibular
distraction wounds [24] and in the published papers on
human mandibular DO [16, 17, 22-24], US proved
accurate in the measurement of the gap across the
osteotomy and in the evaluation of callus formation; in
one study in which a correlation between the two imaging
modalities was made, US detected bone formation much
earlier than RX [16]. In the sole available correlation study
between surgical findings and prior US and RX data [15],
US exactly predicted intraoperative mandibular stability
scores in 14/18 cases versus 3/18 cases correctly judged by
RX, the latter modality underestimating stability in 14/18
cases; however, histologic confirmation was not obtained.

In our experience, US accuracy was as high as that of RX
in the determination of the distance across the osteotomy
(Table 1), which can be easily forecast on the basis of the
sharp difference both in echolucency and in radiographic
density between normal mandibular bone and regenerate,
until the end of treatment; the absence of radiation
exposure and the lower cost make US preferable.

On the other hand, obtaining reliable information about
the progress of mineralization of bone regenerate is crucial
in the management of the patients treated with mandibular
DO. According to the time thought to be necessary to
achieve maturity of a callus of given length, the duration of
the fixation period is empirically chosen; if histologic
maturation is completed earlier, however, any prolongation
of the fixation period is unnecessary and the distraction
device can be safely removed. Our data, supported by
histology, suggest a highly significant advantage of US

over RX (Table 2). Although its high atomic number
usually makes calcium easily detectable at radiography, a
minimum thickness of calcified material is needed in order
to identify both bony islands within the osteotomic gap and
outer cortical layer at RX; this latency is probably slightly
increased by the digital panoramic radiographies currently
used.

The main aim of this study was to obtain histologic
confirmation of the ability of US to grade the ongoing
mineralization of bone regenerate in mandibular DO;
therefore, a significant reduction of the length of the neutral
fixation period in comparison with the protocols used in
limb lengthening [8-10] was not achieved. However, in
this series the callus mineralization assessed by US was the
only criterion directing the removal of the distractor, which
in 6/31 patients—whose sonographic maturity score at time
T, was 2—resulted in shortening of the interval between T
and T, and eventually, after scoring 3 at time T,, in
distractor removal earlier than initially scheduled.

Some limitations can be found in this study. Although
the agreement between the two observers was definitely
high, the maturity score was assigned to each patient on the
basis of a subjective assessment. Since the degree of
mineralization assessed with US was used to decide when
to remove the distraction device and obtain the histologic
specimen, a verification bias was introduced. Moreover,
since we chose to include only those patients in whom DO
of the mandibular body was performed, our series is limited
to 31 subjects. Finally, we did not use X-ray-based
techniques different from digital panoramic radiography
(e.g., conventional tomography or CT) to evaluate roent-
genographic signs of bone maturation.

In conclusion, this study demonstrates the feasibility of
US-based management of mandibular DO, with US being
as accurate as RX in the measurement of the osteotomic
gap and much more reliable than RX in the assessment of
the maturity of the bone regenerate. US-based follow-up
will reasonably result in anticipation of distractor removal
in a percentage of patients.
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