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Abstract

Background The lengthening over nail (LON) technique
has gained popularity because it enables shorter periods of
external fixation, prevents deformities during lengthening,
and reduces the risk of refracture after removal of the frame
compared with the classic Ilizarov method. However, it is
not clear if the violation of endosteal blood supply by
reamed intramedullary nailing in the LON technique has a
negative effect on bone regeneration or a positive effect by
compensatory enhancement of periosteal circulation.
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Questions/purposes The purposes of this study were to
(1) compare the amount of regenerate bone during the
distraction phase between two tibial lengthening tech-
niques, the LON technique and lengthening and then nail
(LATN) technique; and (2) compare callus shape at the end
of the distraction phase using the classification of Li et al.
Methods This is a retrospective study comparing two
treatment groups. Between September 2011 and June 2013,
120 patients underwent bilateral lower leg lengthening for
familial short stature with either the LON or LATN tech-
nique, and were considered potentially eligible for
inclusion in this retrospective, comparative study. During
this same period, LON and LATN techniques were used in
other patient populations, but all patients with familial
short stature were considered for inclusion in the study.
The specific contraindications for LON were diameter of
the isthmus of the tibia narrower than 8 mm, length of the
tibia shorter than 270 mm, and alignment of the lower
extremity in valgus; in patients without these specific
contraindications to LON, patients were offered either
LATN or LON after counseling regarding the advantages
and disadvantages of each procedure. The proposed
advantages of LATN were shorter healing index and more
stable internal fixation which might lead to earlier full
weightbearing, whereas proposed disadvantages were a
greater chance for deep infection, more deformity during
lengthening, and subsequently longer external fixator per-
iod for correction. The groups were comparable in terms of
age, sex distribution, smoking history, BMI, distraction
rate, and final length gain. A longer period of external
fixation was necessary in the LATN group, related to the
relative stability of the segment without an intramedullary
nail. Patients with tibial lengthening with the LON tech-
nique (31 patients, 62 tibiae) were compared with patients
who had the LATN technique (89 patients, 178 tibiae)
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regarding the amount of bone regeneration at the anterior,
posterior, medial, and lateral cortices of the lengthened
area for each at 4, 8, and 12 weeks postoperatively using a
pixel value ratio method. In addition, both groups were
compared for callus shape and type at the end of the dis-
traction phase (LON, 3.4 £ 0.06 months; LATN, 4.2 £+
0.05 months).

Results The pixel value ratios of the anterior, posterior,
medial, and lateral cortices in the LON and LATN groups
were 0.78 £ 0.06 and 0.74 £ 0.05; 0.82 & 0.08 and 0.76 +
0.05; 0.75 £+ 0.06 and 0.72 % 0.05; and 0.85 + 0.06 and
0.82 £ 0.06, respectively at 4 weeks postoperatively(p
value > 0.500 for all); 0.75 £ 0.05 and 0.77 & 0.04; 0.78 +
0.05 and 0.89 =+ 0.04; 0.73 & 0.05 and 0.82 + 0.05; and
0.78 £ 0.06 and 0.88 &£ 0.03, respectively at 8 weeks
postoperatively (p value < 0.001 for the posterior, medial,
and lateral cortices); 0.72 £ 0.05 and 0.76 & 0.03; 0.75 +
0.07 and 0.89 % 0.03; 0.71 & 0.05 and 0.82 %+ 0.03; and
0.78 £ 0.06 and 0.91 £ 0.03, respectively at 12 weeks
postoperatively (p value < 0.001 for the posterior, medial,
and lateral cortices). A greater percentage of tibiae having
the generally favored fusiform-shaped callus were seen
with the LATN technique (61 of 178 segments) than with
the LON technique (four of 62 segments; p < 0.001). There
were no tibia showing the inferior concave, lateral, or
central-shaped callus with the LATN technique, whereas
eight tibiae (eight of 62 segments) showed concave-shaped
callus with the LON technique (p < 0.001).

Conclusions The potentially negative effect on callus
regeneration from the concomitant use of reamed intra-
medullary nailing during the LON technique should not be
overlooked. Based on our study, LATN may be a better
choice for patients willing to accept the longer period of
external fixation.

Level of Evidence Level 111, therapeutic study.

Introduction

Lengthening of the extremities was pioneered by Codivilla
[7] and Wagner [42], but their early techniques were
abandoned owing to high complication rates. Thereafter,
the concept of distraction osteogenesis was established by
llizarov [13], and several modified surgical techniques
have been introduced subsequently including lengthening
over nails (LON) [11, 17, 28, 29, 43], lengthening over a
plate [25], lengthening and then nailing (LATN) [33], and
lengthening with intramedullary lengthening devices [16,
19, 21, 27, 40]. The LON technique became popular with
concomitant use of a reamed intramedullary nail during the
distraction phase because it enabled a shorter external
fixator period and more stable regenerate bone supported

internally with the intramedullary nail compared with the
classic Ilizarov method [28].

Despite these purported advantages, bone healing
remains controversial with the LON technique [11, 29-31,
39, 43]. A lower healing index (number of months of
treatment per cm of new bone regenerated) has been
reported with the LON technique compared with the classic
Ilizarov method [30, 31, 39], whereas no difference in
healing index was reported in others [11, 29, 43]. It is still
not clear if concomitant use of reamed intramedullary
nailing affects callus regeneration in distraction osteogen-
esis. Moreover, all of these studies used the healing index
of the regenerate bone as the endpoint, which cannot
quantify the bone regenerate during the distraction phase.
Assessment of the amount of regenerate bone with more
objective and quantitative tools and its serial changes
during the distraction phase to measure the effect of the
timing of reamed intramedullary nailing in distraction
osteogenesis have not been documented, to our knowledge.

We therefore sought to (1) compare the amount of
regenerate bone during the distraction phase between two
tibial lengthening techniques which are different in the
procedure with or without an intramedullary nailing: the
LON and the LATN; and (2) compare callus shape at the
end of the distraction phase using the classification of Li
et al. [22].

Patients and Methods
Patient Selection

This is a retrospective study comparing two treatment
groups, which was approved by the institutional review
board at CHA University. Each patient underwent bilat-
eral lower leg lengthening with either the LON or LATN
technique between September 2011 and June 2013.
Although both techniques were used in other patient
populations during this time, we chose to focus only on
the familial short stature population to ensure a more
homogenous group. The specific contraindications for
LON were diameter of the isthmus of the tibia narrower
than 8 mm, length of the tibia shorter than 270 mm, and
alignment of the lower extremity in valgus; in patients
without these specific contraindications to LON, patients
were offered either LATN or LON after counseling
regarding the advantages and disadvantages of each pro-
cedure. The proposed advantages of LATN were shorter
healing index and more stable internal fixation which
might lead to earlier full weightbearing, while proposed
disadvantages were a greater chance for deep infection,
more deformity during lengthening, and subsequently
longer external fixator period. The groups were
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comparable in terms of age, sex distribution, smoking
history, BMI, distraction rate and final length gain. The
external fixator index (number of months wearing
external fixation per cm of new bone regenerated) dif-
fered substantially between the groups (Table 1). There
were no segments with severe tibial deformity, which
would have mandated the use of the LATN technique.
Inclusion criteria were: (1) skeletally mature patient; (2)
no history of medical illness, fracture, or soft tissue
compromise precluding the planned surgeries; and (3)
bilateral tibiae that needed similar amounts of length-
ening using the same technique (LON or LATN) in both
legs. There were no exclusions based on the amount of
lengthening planned. Among 123 patients (246 seg-
ments) initially included, six segments were excluded
from analysis because of insufficient radiographic eval-
uations. No patients were lost to followup. This left 240
tibial segments in 120 patients for evaluation, which
were categorized in two groups; the LON group (31
patients; 62 segments) and the LATN group (89 patients;
178 segments). Every patient had the same procedure
performed on both limbs, under the same anesthetic. The
mean age of the patients was 23.5 + 5.5 and 22.8 + 5.3
years in the LON and the LATN groups, respectively (p
= 0.701; Table 1).

Surgical Technique

All surgeries were performed by the senior author
(DHL). The bilateral surgical procedure was performed
with the patient under the same general anesthetic using
techniques described by Paley et al. [28] for the LON
technique and Rozbruch et al. [33] for the LATN tech-
nique. In both techniques, an osteotomy was performed
using a multiple drill-hole technique. A conventional
tibial interlocking nail (EXPERT™ Tibial Nail; Synthes,
West Chester, PA, USA) and the Ilizarov ring fixators
(S.H. Pikar Orthotools Pvt, Pune, India) were used. A
blocking screw was used to prevent excessive valgus
change in the LON group when necessary. Distraction
was started after 7 to 9 days of the latent period for both
limbs. The latent period and distraction rate were deci-
ded on an individual basis and were identical for both
limbs. After the desired length and alignment were
achieved, distal interlocking screws were inserted in the
LON technique, whereas reamed intramedullary nailing
was performed with the LATN technique. Autologous
bone marrow aspirate concentrate (3 mL) and platelet-
rich plasma (3 mL) were injected at the time of the
initial surgery into the osteotomy site after skin closure
to enhance bone healing [20, 34] for all patients.

@ Springer

Table 1. Comparison of demographic and lengthening variables
between the two techniques

Variables Lengthening  Lengthening p value
over nail and then nailing
(31 patients; (89 patients;
62 segments) 178 segments)
Demographics
Age (years) 235+£55 22.8 £53 0.701
Sex (male:female) 40:22 120:58 0.793
Smoking history 18:44 66:112 0.913
(yes:no)
BMI (kg/cm?) 212 £ 20 222 £ 3.0 0.326
Duration of 374 £ 129 41.7 £ 12.7 0.196
followup (months)
Lengthening
Distraction rate 0.82 £ 0.08 0.88 £ 0.09 0.091
(mm/day)
Final length 645 £ 7.1 664 £ 5.7 0.322
gain (mm)
External fixator 0.52 £+ 0.08 9.63 £ 0.08 0.025

index (months/cm)

Values are expressed with mean with a SD or as a ratio.

Followup and Postoperative Rehabilitation

The target distraction rate was 1 mm per day, but case-de-
pendent adjustments were made by the surgeon based on
clinical and radiographic followups. Among the 178 segments
of lengthening with LATN, 170 had deformities develop
during the distraction phase (mostly valgus and/or procurva-
tum deformities). One hundred twenty-two segments were
corrected using the Hexapod®™ (Litos/GmbH & Co KG,
Rudorffweg, Germany; S.H. Pikar Orthotools Pvt) and 48
were corrected using the Ortho-SUV® (Ortho-SUV Litd, St
Petersburg, Russia), a software assisted six-pod frame. From
the first postoperative day, all patients were encouraged to do
daily ROM exercises of the knees and ankles, especially ankle
dorsiflexion and knee extension, under the guidance of a
registered physical therapist (JHP). All patients were allowed
full weightbearing as tolerated while the external fixator was
applied, and after the external fixator was removed, full
weightbearing was allowed only when radiographic evidence
of healing at two cortical surfaces was seen. Patients were
followed every 2 weeks during the distraction phase and
monthly during the consolidation phase. The duration of fol-
lowup was 37 £ 13 and 42 £13 months in the LON and the
LATN groups, respectively (p = 0.196).

Radiographic Evaluations

The evaluation of callus formation was performed in two
ways. First, a pixel value ratio was calculated, defined as
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SD 115.95
Mean 1473.00
Area 91.53 mm?

SDIN7/3:33
Mean 1039.00
Area 289.74 mm?

SD 140.46
Mean 1465.00
Area 55.10 mm?

Fig. 1A-B (A) A pixel value ratio was calculated during the
distraction phase in the LON technique. After a region of interest
was made with a polygonal shape in the regenerate bone and the
adjacent bones, the pixel value ratio was calculated. Care was taken to
avoid any hardware shadows. Pixel value ratio = (pixel value of the
regenerate bone)/([pixel value of the proximal adjacent bone + pixel
value of the distal adjacent bone]/2); Mean = mean pixel value of the

the ratio of pixel value of the regenerate bone versus the
mean pixel value of the proximal and distal adjacent bones
of the lengthened area on radiographs [38] (Fig. 1). It can
be measured using tools in the PACS system (STAR PACS
Pi view, STAR 5.06.1 software; INFINITT, Seoul, South
Korea). Pixel value ratio at the anterior and posterior cor-
tices can be measured from the lateral radiograph and pixel
value ratio at the medial and lateral cortices can be mea-
sured from the AP radiograph. The ratio was calculated at
three times postoperatively (4, 8, and 12 weeks) for each of
the four cortices during the distraction phase and compared
between the LON and LATN techniques at each given time
postoperatively for each cortex (Fig.2). Only selected
cortical areas were analyzed as a region of interest to
calculate pixel value ratio with the LON technique to avoid
hardware shadows, such as the intramedullary nail. The
same principles then were applied to the LATN technique
to compare them in a similar fashion. Any hardware
shadows including the intramedullary nail, screws, or
external fixators were not included in the measurement
area. Second, callus shapes were compared between the
two groups at the end of the distraction phase (LON, 3.4 +
0.06 months; LATN, 4.2 £ 0.05 months) according to the
classification of Li et al. [22], in which the callus is clas-
sified as fusiform, cylindrical, concave, or lateral; generally

SD 139.06
Mean 1748.00
Area 111.58 mm?

SD 87.55
Mean 1363.00
Area 179.91 mm?2

SDI1 7517,
Mean 1687.00
Area 82.51 mm?

A\ B

N

region of interest; SD = SD of the pixel value of the region of interest;
Area = area of the region of interest. (B) A pixel value ratio was
calculated during the distraction phase in the LATN technique. After
a region of interest was made with a polygonal shape in the regenerate
bone and adjacent bones, the pixel value ratio was calculated. Care
was taken to avoid any hardware shadows. LON = lengthening over
nail; LATN = lengthening and then nailing.

the fusiform shape is thought to be superior regenerate
bone compared with the concave shape. These radiographic
parameters were assessed by two of the authors (BHK,
JHH) not involved in the surgery, with good interrater
agreement in pixel value ratio (interclass correlation, 0.81—
0.91) and almost perfect interrater agreement in callus
shape (kappa, 0.97-0.99).

Statistics and Sample Size Calculation

All continuous variables including pixel value ratio and
demographic data were expressed as mean with SD and
tested for normality using the Shapiro-Wilk test, which
allowed normal distribution assumption. At the beginning
of the study, an a priori power analysis was conducted for
detection of differences of pixel value ratio between the
two groups, with a statistical significance of 0.05. The
calculated effect size was 0.6 based on the power analysis
with given value of significance level and power, 0.05 and
0.8 respectively, so that the difference between the two
groups can have high reliability with the effect size. The
fixed value of power 0.8 suggested that 45 patients were
needed for each group, which was exceeded in our study.
Demographic and lengthening variables were compared
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Fig. 2A-F Serial lateral plain radiographs show a tibia undergoing
lengthening. Radiographs were taken at (A) 4, (B) 8, and (C) 12
weeks postoperatively in the LON group, and (D) 4, (E) 8, and (F) 12

between the two groups using Student’s t-test. The pixel
value ratio obtained at each time postoperatively for each
cortex also was compared between the two groups using
Student’s t-test. Categorical variables, including callus
shape at 2 years postoperatively, were summarized and
compared between the two groups using a chi-square test.
Probability values less than 0.05 were considered statisti-
cally significant throughout. The statistical software
MedCalc (Version 11.6; MedCalc Software, Mariakerke,
Belgium) and R (Version 3.1.0; Comprehensive R Archive
Network, GNU General Public License, Boston, MA,
USA) were used for all statistical analyses.

Results

Pixel value ratio of anterior, posterior, medial, and lateral
cortices in the LON and LATN groups (Table 2) were 0.78
4 0.06 and 0.74 £ 0.05; 0.82 £ 0.08 and 0.76 + 0.05; 0.75
4 0.06 and 0.72 £ 0.05; and 0.75 £ 0.05 and 0.82 =+ 0.06,

@ Springer

weeks postoperatively in the LATN group. More callus regeneration
is seen in the LATN group.

respectively at 4 weeks postoperatively (p value > 0.500 for
all); 0.75 £+ 0.05 and 0.77 £ 0.04; 0.78 &+ 0.05 and 0.89 +
0.04; 0.73£ 0.05 and 0.82 £ 0.05; and 0.78 4 0.06 and 0.88
4 0.03, respectively at 8 weeks postoperatively (p value <
0.001 for posterior, medial, and lateral cortices); and 0.72 £
0.05 and 0.76 %+ 0.03; 0.75 £ 0.07 and 0.89 &£ 0.03; 0.71
40.05 and 0.82 £ 0.03; and 0.78 %+ 0.06 and 0.91 £0.03,
respectively at 12 weeks postoperatively (p value < 0.001
for posterior, medial, and lateral cortices) (Fig. 3).

A greater percentage of tibiae having fusiform-shaped
callus was seen with the LATN technique (61 of 178 tibiae
[34%]) than with the LON technique (four of 62 tibiae
[6%]; p < 0.001) (Table 3). In addition, there were no
tibiae showing concave, lateral, or central-shaped callus
with the LATN technique, whereas eight tibiae (eight of 62
[13%]) showed concave-shaped callus with the LON
technique (Table 3).

The distraction rate was 0.82 £ 0.08 and 0.88 + 0.09
mm/day in the LON and LATN groups, respectively (p =
0.091). The final length gain was 64.5 & 7.1 mm and 66.4
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Table 2. Comparison of pixel value ratios between the two
techniques

Cortex Pixel value ratio p value
Lengthening Lengthening
over nail and then nailing
(n = 62 tibiae) (n = 178 tibiae)
Anterior
4 weeks 0.78 £ 0.06 0.74 £ 0.05 0.605
8 weeks 0.75 £ 0.05 0.77 £ 0.04 0.525
12 weeks 0.72 £ 0.05 0.76 + 0.03 0.326
Posterior
4 weeks 0.82 &+ 0.08 0.76 + 0.05 0.607
8 weeks 0.78 £ 0.05 0.89 + 0.04 < 0.001
12 weeks 0.75 £ 0.07 0.89 + 0.03 < 0.001
Medial
4 weeks 0.75 £ 0.06 0.72 £ 0.05 0.543
8 weeks 0.73 £ 0.05 0.82 £+ 0.05 < 0.001
12 weeks 0.71 £ 0.05 0.82 + 0.03 < 0.001
Lateral
4 weeks 0.85 &+ 0.06 0.82 + 0.06 0.814
8 weeks 0.78 £+ 0.06 0.88 + 0.03 < 0.001
12 weeks 0.78 £ 0.06 0.91 + 0.03 < 0.001

Pixel value ratio = the ratio of pixel value of the regenerate bone
versus the mean pixel value of the proximal and distal adjacent bones
of the lengthened area on radiographs (values are mean + SD).

£ 5.7 mm in the LON and the LATN groups, respectively
(p = 0.322) (Table 1).

Discussion

A lower healing index was reported in some studies with the
LON technique compared with the classic Ilizarov method
[28, 29], whereas no differences were found in others [11, 29,
39, 43]. These studies all used the healing index of the
regenerate bone as the endpoint, which cannot quantify the
bone regenerate during the distraction phase. It is still not
clear if concomitant use of reamed intramedullary nailing
affects callus regeneration in distraction osteogenesis. We
compared the amount of new bone formation during the
distraction phase between two surgical techniques: the LON
and the LATN techniques. Because concomitant use of
reamed intramedullary nails during the distraction phase
with the LON technique is different from the LATN tech-
nique, we believe comparing the amount of bone regenerate
during the distraction phase between the two cohorts will
help in evaluating the effect of reamed intramedullary nail-
ing on bone healing during the distraction phase.

Several limitations should be mentioned. First, the
accuracy and reliability of the pixel value ratio is not fully

established as an objective tool for measuring bone regen-
eration. Several objective diagnostic tools for assessment of
regenerate bone have been introduced such as dual x-ray
absorptiometry [10, 23], CT [32, 35], and pixel value ratio
[12, 24, 38, 45]. Serial evaluation of callus during the dis-
traction phase in leg lengthening using dual x-ray
absorptiometry or CT is limited because of repeated radia-
tion exposure and metal interference. The pixel value ratio
has no such disadvantages. Zhao et al. [45] reported that a
pixel value ratio can be an objective parameter for callus
measurement and may provide guidelines for timing of
external fixator removal. Hazra et al. [12] reported that good
correlation was observed between bone mineral density
measured with dual x-ray absorptiometry and pixel value
ratio with a Pearson’s coefficient of correlation of 0.79. Song
et al. [38] reported that serial measurement of the pixel value
ratio is a reliable and cost-effective method to assess the
maturity of the callus in tibial lengthening without nailing.
Second, hardware, fibular shadows, or small bone pieces or
debris adjacent to the osteotomy site could bias the mea-
surement of pixel value. These do not represent true bone
regeneration, and therefore should not be included in the
region of interest in the picture archive and communication
system when calculating the pixel value. In addition, mea-
surement of pixel values depends on how the region of
interest is subjectively constructed in the picture archive and
communication system. However, we attempted to exclude
these extraneous shadows when drawing a region of interest.
Third, the groups were not randomized. Even though there
was no statistical difference in demographics between the
groups, untoward selection bias factors (eg, we chose the
LATN method when the length or the diameter of the tibia
was too short or narrow) might have influenced the results.
The following factors also could have affected the results in
undetermined ways: the surgeon (DHL) (who knew the
treatment method used) had independent control over the
rate of lengthening and deformities in the patients who had
the LATN technique which required correction with the
Hexapod™ or Ortho-SUV ™ that did not occur in the patients
who had the LON technique. Finally, drawing a region of
interest for calculation of pixel values ratio and evaluation
for final callus shape could not be blinded because the
radiographs reveal which technique was used, which
potentially could bias the overall study results.

In our study, greater pixel value ratios were observed in
patients treated with the LATN technique than in patients
treated with the LON technique at 8 and 12 weeks post-
operatively at the posterior, medial, and lateral cortices. In
addition, the pixel value ratio showed a continuous
decreasing trend during the 12-week period during the
distraction phase in the LON technique in contrast to the
LATN technique (Table 2; Fig. 3). We believe this may be
explained by enlarging areas of interest used for calculating
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Fig. 3A-D Serial bar plots with the mean and 95% CI of the pixel
value ratio of the anterior cortex at three times with two different
surgical techniques are shown for the (A) anterior, (B) posterior, (C)
medial, and (D) lateral cortices. The pixel value ratio showed no
significant differences at each time for the anterior cortex. For the

pixel values as the distraction progressed and failure of the
density of regenerate bone to “catch up with it” in the LON
technique. This theory would support more regenerate bone
with the LATN technique, which showed a continuous
increasing trend or a plateau of the pixel value ratio.
Finally, the pixel value ratio at the anterior cortex showed
no differences between the two techniques throughout the
study period, with relatively low pixel value ratios
throughout. This might be explained by the incision
placement for the tibial osteotomy, relatively poor soft
tissue coverage over the anterior tibia compromising blood
flow to this region, or biomechanical aspects of force
transmission during weightbearing.

Reamed intramedullary nailing has become the main-
stream treatment of long-bone diaphyseal and selected
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posterior, medial, and lateral cortices, the pixel value ratios showed
significant differences at 8 and 12 weeks postoperatively, with better
healing in the LATN group. LON = lengthening over nail; LATN =
lengthening then nailing.

metaphyseal fractures [3, 5]. Although reaming of the
medullary canal is known to have early deleterious effects
on endosteal and cortical blood flow [3], it appears to have
several positive effects on bone healing with various bio-
logic mechanisms suggested, such as compensatory
increase of periosteal circulation [8], local bone graft effect
of reamed debris with osteoinductivity [4, 15, 41], and
activation of growth factors and inflammatory responses
helpful for fracture healing [2, 4, 37]. However, the effect
of medullary reaming on bone regeneration in distraction
osteogenesis is not fully established. Kojimoto et al. [18]
reported that preservation of periosteum in a rabbit model
had a profound effect in callus distraction, whereas pre-
serving the endosteum did not by scraping periosteum and
endosteum selectively. However, the scraping was done for
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Table 3. Comparison of callus shapes between the two techniques

Callus Number of tibia p value
shape B -

Lengthening over Lengthening and

nail (n = 62 tibiae) then nailing

(n = 178 tibiae)

Fusiform 4 (6%) 61 (34%) < 0.001
Cylindrical 50 (81%) 117 (66%) < 0.001
Concave 8 (13%) 0 (0%) < 0.001
Lateral 0 (0%) 0 (0%) 0.999
Central 0 (0%) 0 (0%) 0.999

Callus shape was based on the classification by Li et al. [22].

only a limited area around the osteotomy, and this is a
different situation from reaming the intramedullary canal in
our human cohort with the LON technique. There is sub-
stantial evidence supporting the importance of vascularity
in distraction osteogenesis [1, 6, 26]. Aronson [1] reported
that blood flow in the lengthened limb is 10 times greater
than in the control limbs at 2 weeks after lengthening, and
four to five times greater for the remainder of the distrac-
tion period. Choi et al. [6] reported that osteogenic tissue
filled the distraction gap in accordance with reconstitution
of the periosteal vascular network followed by intercon-
nection of the medullary circulation. Numerous clinical
studies have compared the healing index with the LON
technique and the classic Ilizarov method [11, 29-31, 39,
43]. Several [11, 27, 43] reported a similar healing index,
whereas the others [30, 31, 39] reported a lower healing
index with the LON technique. In the current study, greater
pixel value ratio during the distraction phase was observed
with the LATN technique (surgically identical to the
classic method during lengthening) when compared with
the LON technique, which suggests better callus regenerate
with the LATN technique.

We observed more fusiform-shaped callus with the
LATN technique (61 of 178 [34%]) than with the LON
technique (four of 62 [6%]). In addition, concave, lateral,
or central-shaped callus was not observed with the LATN
technique, whereas concave-shaped callus was observed in
eight tibiae (13%) with the LON technique. Few studies
have reported on regenerate callus shape [9, 14, 36, 39, 44]
in the field of distraction osteogenesis. There has been one
study [39] comparing callus shape between two limb
lengthening techniques, in which the authors observed a
greater incidence of fusiform-shaped callus with the classic
Ilizarov method compared with the LON technique.

Our findings also support poorer formation of healthy
bone regenerate with the LON technique. This may be
attributed to the negative effect of reamed intramedullary
nailing on bone healing during the distraction phase, but we
cannot rule out the influence of other factors as mentioned in

our limitations. Regarding better bone formation with the
LATN technique, we agree with Rozbruch et al. [33] that
reamed intramedullary nailing after completion of length-
ening may have a positive effect on bone healing by
autologous bone graft from reaming debris or compensatory
enhancement of periosteal circulation. However, we
observed that avoiding reaming during the distraction phase
leads to more robust bone regenerate in lengthening of the
tibia. Perhaps the presumed preservation of endosteal cir-
culation during distraction represents another possible
explanation for this effect. More comparative studies are
required to verify the effect of reamed intramedullary nailing
before and after lengthening in distraction osteogenesis. We
believe that the theoretical preservation of endosteal circu-
lation has a more positive effect on callus regeneration than
the possible compensatory increase of periosteal circulation
or local bone graft effect from the reamed particles in the
setting of distraction osteogenesis.

Reamed intramedullary nailing has an adverse effect on
bone regeneration during the distraction phase in distrac-
tion osteogenesis of the tibia. The negative effect that may
be attributable to the concomitant use of reamed intrame-
dullary nailing during the LON technique should not be
overlooked. However, larger sample-size studies with more
refined objective tools for measuring the amount of bone
regeneration are required.
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