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ARTICLE INFO ABSTRACT

Keywords: Purpose: To assess how many and which CT reformats of long bone non-unions should be analyzed to best
Bone approximate the analysis of a larger number of CT reformats obtained in the three orthogonal planes.

Frac'ﬂlr? Method: We used 29 CT examinations of tibial or femoral non-unions to obtain 87 stacks of 7 CT reformats each
1(\:1;"‘““10“ in the coronal (n = 29), sagittal (n = 29) or transverse (n = 29) planes. Two independent radiologists scored

two fracture sites on each CT reformat by using a Tomographic Union Score (TUS) (1: no callus, 2: non-bridging
callus; 3: bridging immature callus; 4: bridging remodeled callus). The reference standard was the mean of the
three TUS calculated from the cortical scores obtained on all the sagittal, coronal and transverse CT reformats.
We determined the agreement (intra-class correlation coefficient (ICC) between the reference standard and 33
models combining one to seven CT reformats from one to three planes. The three best models were compared
following a resampling procedure by a Wilcoxon’s signed rank test.

Results: Three models combining two (mid-coronal and mid-sagittal), three (mid-coronal, mid-sagittal and mid-
transverse) or four (two paramedian coronal and sagittal) CT reformats had the highest ICC (ICC = 0.89) for
both observers. After resampling, the model combining the two paramedian sagittal and coronal CT reformats
statistically outperformed the two other models.

Conclusion: Semi-quantitative analysis of the two paramedian sagittal and coronal CT reformats is an acceptable
alternative to the analysis of more numerous reformats.

1. Introduction would provide a reliable overview of non-united fractures in a series of

patients with non-united surgically treated femoral or tibial fractures.
Evaluation of fracture healing is mainly based on clinical and

radiographic findings [1-3]. Analysis of radiographs provides an

overall estimation of fracture healing albeit with limited inter-observer

2. Material and methods

and intra-observer reproducibility [4-6] most likely due to limitations
associated with the projectional nature of radiographic image forma-
tion and overlapping metal hardware [7]. Computed tomography (CT)
enables to assess the presence and extent of bone callus at fracture
edges thanks to its multiplanar capacity and high spatial resolution at
the cost of an additional examination and increased ionizing radiation
burden [8-12]. The methodology to assess the large amount of data
afforded by CT has not been clearly defined yet [13]. We hypothesized
that the analysis of a subset of CT reformats could be sufficient to
provide a representative overview of the entire fracture. The current
study aimed at determining the best combinations of CT reformat that

2.1. Study population

Authorization of the institutional ethic committee for this retro-
spective study was obtained and authorization from patients was
waived. A search over a period of four years was performed in our
picture archiving and communication systems (PACS)(Carestream
Client version 11.3; Carestream Health, Rochester, NY, USA) by a
fellow in musculoskeletal radiology (VP) with 2 years of experience to
select patients aged between 18 and 65 years with a surgically treated
tibial or femoral shaft fracture in whom CT had been performed and in
whom non-union was later demonstrated at surgery. Exclusion criteria

Abbreviations: RUS, Radiographic union score; TUS, Tomographic Union Score; CT, computed tomography; DTS, digital tomosynthesis
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were (a) healed fractures, (b) fractures of less than 6 months, (c) non-
united fractures that had been treated with allo- or auto-grafts and (d)
fractures with imaging or biological signs of infections. Our study po-
pulation consisted of 17 male and 12 female patients (mean + /-
standard deviation (SD) : 44.44 years +/- 14.4; range 19-64 years).
There were 29 cases of non-unions in 12 nailed and four plated tibial
fractures and in 12 nailed and one plated femoral fractures. The mean
time delay (+/-SD) between fracture occurrence and CT examination
was 595 days (+ /- 482) (range: 180-1983 days). The mean (+ /- SD)
time delay between the CT examination and surgery was 168 days (+ /-
241) (range: 1-1063 days).

2.2. Imaging protocols

All unenhanced CT examinations were performed on a 40-detector
row CT scanner (Somatom Definition AS; Siemens Healthcare,
Forchheim, Germany), patients lying supine with the feet first. Data
acquisition was obtained over the entire fractured bone using the fol-
lowing tube parameters: tube voltage, 120 kVp; reference tube current-
time product, 275 mAs. Effective current time-product, 178-305mA s
by applying automated tube current modulation (Care Dose 4D;
Siemens Healthcare); detector configuration, 40 X 0.6 mm; pitch, 0.8;
gantry rotation time, 1s. CT images were reconstructed with a section
width and increment of 0.75 mm using standard bone (B70 h) and soft
tissue (B41s) deconvolution kernels and feed-back retroprojection
calculation. Field-of-view varied from 12x12cm to 20x20 cm. No
iterative reconstruction algorithms were used. All reconstructions were
stored in our PACS.

Between January and March 2015, the same fellow obtained sa-
gittal, coronal and transverse reformats in a standardized manner as
follows. For each case, the axial images obtained with the bone de-
convolution kernel were uploaded in the multiplanar reconstruction
software available in our PACS. A stack of nine 1.5 mm-thick reformats
in the sagittal, coronal and transverse planes were obtained according
to anatomic landmarks. For the coronal and sagittal planes, the first
(#1) and last (#9) reformats were placed in contiguity with the target
bone which was only visible on reformats #2-8 (Figs. 1-3). For the
transverse plane, the first (#1) and last (#9) reformats were positioned
above and below the fracture level and fracture sites were visible only
on reformats #2-8. The slice intergap (mean+ /- standard deviation)
subsequent to the positioning of the stack of reformats in order to
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include the entire fracture was 2.2mm + /- 0.4 for the long axis re-
formats and 8.7mm+/-4.9 for the transverse reformats. A data man-
ager anonymized all the stacks, labelled them in a random order by
using numericals and stored them in a dedicated research PACS.

2.3. Image analysis

Between May and October 2016, the fellow in musculoskeletal
radiology and a musculoskeletal radiologist with 24 years of experience
independently scored the CT reformats on a PACS workstation with
adapted window width and level values. Coronal, sagittal and trans-
verse CT reformats were analyzed separately during three different
reading periods separated by a one-month interval. On each of the
seven CT reformats #2 to #8, readers scored two fracture sites by using
a Tomographic Union Score (TUS) based on the callus appearance on
the CT reformat. The TUS was derived from the previously described
Radiological Union Score (RUS) by Litrenta et al who scored fracture
healing on radiographs [14]. The score at the fracture edges was de-
fined as follows: score 1: no callus; score 2: discontinuous callus, score
3: continuous bridging immature callus; score 4: continuous remodeled
callus. On each CT reformat, two fracture sites had to be scored (one
score for the anterior and one for the posterior cortex on the sagittal
reformats, one score for the medial and one for the lateral cortex on the
coronal reformat, two scores for the transverse reformat). When several
fracture sites were detected, the two least healed sites were scored.
Scoring was considered to be non-feasible when metal artifacts ob-
scured the fracture, when one of the fracture edges was not visible due
to bone deformity or when the fracture plane was not visible mainly
when the orientation of the reformats was parallel to that of the frac-
ture.

For each case, a TUS®® was derived from the scoring of the seven
sagittal reformats, a TUS®® was derived from the seven coronal re-
formats and a TUS™ was derived from the seven transverse reformats.
TUS could range from 14 to 56 because 14 scores ranging from 1 to 4
were derived from the seven reformats and added. In our study, the
standard of reference for each fracture was the mean of TUSS®, TUS®®
and TUS™.

In January 2017, the same two readers independently reviewed
separately the median sagittal, coronal and transverse CT reformats
without seeing the other reformats of the same stack or of the other
planes to assess intra-observer and inter-observer agreement in scoring.

)

Fig. 1. (a) Coronal, (b) sagittal and (c) transverse CT reformats of a nailed non-united tibial fracture in a 55-year-old man. Lateral (#2 and #8), paralateral (#3 and
#7), paramedian (#4 and #6) and median (#5) CT reformats were obtained in the three orthogonal planes.
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Fig. 2. (a) Median (#5) and paramedian (#4 and #6) coronal, (b) sagittal and
(c) transverse CT reformats of a plated non-united femoral fracture in a 27-year-
old man. Numbers in brackets indicate scores given by reader 1 / reader 2,
respectively (1: no callus, 2: discontinuous callus, 3: continuous immature, non-
remodeled callus, 4: continuous remodeled callus). The ratio between the sum
of the scores and the maximum score obtained on the three median reformats
(12/24 for reader 1 and 13/24 for reader 2) is very close to that obtained on the
two paramedian reformats (24/48 for reader 1 and 25/48 for reader 2).

2.4. Statistical analysis

The rate of feasibility of the cortical scoring was determined for the
two readers on the three planes and differences in frequency of non-
feasibility were compared between the three planes. Intra- and inter-
observer reproducibility of the cortical scoring of the median CT re-
format of the three planes was assessed by determining the intra-class
correlation coefficient (ICC) based on a two-way model after exclusion
of the non-assessable areas. Inter-observer agreement for TUSS?, TUS®®
and TUS™ was assessed by determining the intra-class correlation
coefficient (ICC) based on a two way model after exclusion of the non-
assessable areas for all slices obtained in each plane.

Thirty-three models including different combinations of one to
seven reformats and one to three planes were constructed (Tables 1 and
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Fig. 3. (a) Median (#5) and paramedian (#4 and #6) coronal, (b) sagittal and
(c) transverse CT reformats of a nailed non-united tibial fracture in a 28-year-
old man. Numbers in brackets indicate scores given by reader 1 / reader 2,
respectively. The ratio between the sum of the scores and the maximum score
obtained on the three median reformats (9/16 for reader 1 and 8/16 for reader
2) is very close to that obtained on the two paramedian reformats (22/40 for
reader 1 and 20/40 for reader 2).

2). The TUS calculated for each of these models were compared with
the TUS resulting from all reformats in the three planes by calculating
ICC and median difference in total score. Missing cortical scores were
calculated as the mean of the available scores from the same plane.
Finally, statistically significant differences in ICC between the
models combining one (#5), two (#4 and #6) or three (#4, #5 and #6)
CT reformats obtained in the coronal and sagittal planes with those
combining either the transverse and sagittal or the transverse and
coronal planes were investigated following a resampling procedure
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Table 1
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Correlation coefficients (ICC) and median differences in score value between the reference standard and 33 models combining different planes and image numbers for

reader 1. Numbers in [] are 95%CI.

Slice number

Three planes

Tr, Co, Sa

Two planes

One plane

Co Sa

Tr Co

Tr Sa

Tr

Co

Sa

#5 0.90 [0.80; 0.95] 0.91 [0.81; 0.95] 0.81[0.64; 0.91]
—1.5 [-4.0; +1.5] +0.5 [-1.5; +2.5] —1.0[-4.5; +2.5]

#4 # 6 0.97 [0.93; 0.98] 0.97[0.93; 0.98] 0.94 [0.88; 0.97]
—1.0 [-2.5; +0.5] —0.5 [-2.5; +1.0] —1.5[-3.5; +1.0]

#4 #5 #6 0.96 [0.91; 0.98] 0.96 [0.92; 0.98] 0.93 [0.85; 0.96]
—1.5[-3.0; +0.5] —0.0 [-2.0; +1.5] —1.0 [-3.5; +2.0]

#3 #7 NA NA NA

#3 #5 #7 NA NA NA

#2 #4 #6 #8 NA NA NA

#2-#8 NA NA NA

0.80 [0.62; 0.90]

—2.0 [-6.0; +2.5]
0.90 [0.81; 0.95]

—1.5[-4.5; +0.5]
0.89 [0.79; 0.95]

—2.0 [-4.5; +1.0]
NA

NA
NA

NA

0.57 [0.26; 0.77]
—5.0 [-11.0;+0.5]
0.83 [0.66; 0.91]
—3.0[-6.0; +0.0]
0.79[0.61; 0.90]
+3.0 [-6.0; +0.0]
0.87 [0.74;0.94]
+1.5 [-2.5;+4.5]
0.93 [0.87;0.97]
—0.5 [-3.0;+1.5]
0.81 [0.63;0.90]
+2.5 [-2.0;+7.0]
0.90 [0.80;0.95]
+1.0 [-2.0;+4.5]

0.73 [0.50; 0.86]
+0.5 [-3.5; +4.5]
0.85 [0.71; 0.93]
+0.0 [-2.5; +3.0]
0.83 [0.66; 0.91]
+0.5 [-3.0; +3.0]
0.87 [0.75;0.94]
+1.0 [+2.5;+4.5]
0.86 [0.72;0.93]
+0.5 [-3.0;+4.0]
0.87 [0.73;0.93]
—0.5 [-2.5;+2.5]
0.87 [0.74;0.94]
—0.0 [-2.5;+2.5]

0.83 [0.67; 0.92]
+0.0 [-4.0; +4.0]
0.83 [0.67; 0.92]
—1.0 [-4.5; +3.5]
0.85 [0.70; 0.93]
—1.0 [-4.5; +3.0]
0.85 [0.71;0.93]
+0.5 [-3.0; +4.0]
0.87 [0.75;0.94]
+0.5 [-3.0;+3.5]
0.90 [0.80;0.95]
—1.0 [-4.5;+2.0]
0.90 [0.79;0.95]
—0.5 [-3.5;+2.0]

Tr: transverse; Co: Coronal; Sa:Sagittal; #5: median CT reformat; #4 and# 6: paramedian CT reformats, #3 and #7: paralateral CT reformats; #2 and #8 : lateral CT

reformats; NA: not assessed.

based on 200 samples of 14 patients randomly drawn from the whole
series. A Wilcoxon signed rank test was performed to compare differ-
ences between the models. A Bonferroni-type correction for performing
nine comparisons between models was applied and a p-value < 0.0056
was regarded as statistically significant.

3. Results
3.1. Feasibility and reproducibility of the scoring

The rate of feasibility of the scoring for reader 1/reader 2 was 85% /
85% for the transverse reformats, 97%,/100% for the coronal reformats
and 98.5%/99% for the sagittal reformats. Missing scores among the
expected 1218 scores were due to presence of metal artifacts (n = 13
and 5 for reader 1 and 2), absence of one of the fracture edge on the
reformat (n = 8 and 5 for reader 1 and 2) and non-visibility of the
fracture (n = 49 and 52 for reader 1 and 2). Missing scores were sta-
tistically significantly more frequent in the transverse than in the cor-
onal and sagittal planes (p < 10™%).

The intra-observer reproducibility for the scoring performed on the
median reformat was moderate on the transverse plane (ICC:+0.54
[+0.24; +0.75]for R1 and +0.60 [ +0.30;+0.79] for R2) and good on

Table 2

the coronal (ICC:+0.72 [+0.48;+0.86]for R1 and +0.62 [+0.28;
+0.81]for R2) and sagittal plane (ICC:+0.76 [+0.60;+0.89] for R1
and +0.61 [+0.26;+0.81] for R2). The inter-observer reproducibility
for the scoring performed on the medial reformat was fair on the
transverse plane (ICC:+0.33 [-0.02;+0.61]for R1 and +0.26 [-0.07;
+0.55] for R2), moderate on the coronal plane (ICC:+0.46 [+0.12;
+0.71]for R1 and +0.27 [-0.06;+0.56] for R2)and good on the sa-
gittal plane (ICC:+0.65 [+0.33;+0.82]for R1 and +0.66 [+0.41;
+0.83] for R2).

3.2. Reference TUS values and reproducibility

The TUS values of reference for each plane ranged from 23 to 26
with very good inter-observer reproducibility in the transverse plane
(ICC: 0.83 [+0.66;+0.91]) and good inter-observer reproducibility in
the sagittal (ICC: +0.72 [+0.38;+0.87] and coronal (+0.72 [+0.48;
+0.86]) planes.

3.3. Comparison between tested models and reference TUS values

3.3.1. Models combining three planes
All tested models based on three planes had an ICC value equivalent

: Correlation coefficients (ICC) and median differences in score value between the reference standard and 33 models combining different planes and image numbers

for reader 2. Numbers in [] are 95%CI. Numbers in [] are 95%CI.

Three planes Two planes One plane
Combinations Tr, Co, Sa Co Sa Tr Co Tr Sa Tr Co Sa
#5 0.93 [0.86; 0.97] 0.93 [0.85; 0.96] 0.82[0.61; 0.92] 0.86[0.73; 0.93] 0.64[0.19; 0.84] 0.84 [0.68; 0.92] 0.73 [0.48; 0.86]
—1.5[-3.5; +1.0] +2.0 [-0.5; +4.5] —5.0 [-9.0; -2.0] —2.0 [-4.5; +2.0] —9.5 [-165; -4.5] —1.0 [-.05; +2.5] +5.0 [-0.0; +11]
#4 # 6 0.97 [0.94; 0.99] 0.95 [0.89; 0.98] 0.93[0.85; 0.97] 0.91 [0.82; 0.96] 0.75 [0.51; 0.88] 0.88 [0.75; 0.94] 0.79[0.59; 0.90]
+0.5 [-1.0; +1.5] +2.5 [-0.0; +4.0] —2.0 [-4.0; +0.5] +0.5[-2.0; +3.5] —4.0[-8.5; +0.5] +0.5 [-4.0; +2.5] +3.5[+0.0; +7.5]
#4 #5 #6 0.98 [0.95; 0.99] 0.96 [0.91; 0.98] 0.93 [0.81; 0.97] 0.91 [0.82; 0.96] 0.76 [0.44; 0.89] 0.89 [0.78; 0.95] 0.80[0.59; 0.90]
—0.5 [-1.5; +1.0] +2.0 [+0.0; +3.5] —3.0 [-5.0; -0.5] +0.0 [-3.0; +3.0] —6.0 [-10.0; -2.0] +0.0 [-3.5; +2.0] +4.0 [+0.5;+8.5]
#3 #7 NA NA NA NA 0.80 [0.62;0.90] 0.80 [0.61;0.90] 0.76 [0.52;0.88]
—0.5 [-5.5;+2.0] +1.0 [-4.0; +4.0] +4.0 [-0.0; +8.0]
#3 #5 #7 NA NA NA NA 0.85 [0.65;0.93] 0.86 [0.72;0.93] 0.80 [0.58;0.91]
—4.0 [-7.0;-0.5] —0.0 [-3.5;+3.0] +4.0 [+0.5;+8.5]
#2 #4 #6 #8 NA NA NA NA 0.80 [0.61;0.90] 0.89 [0.77;0.95] 0.89 [0.78;0.95]
—1.0 [-4.5;+2.5] —2.5 [-5.5;+0.5] +3.0[+0.0;+6.0]
#2-#8 NA NA NA NA 0.84 [0.69;0.92] 0.90 [0.81;0.95] 0.87 [0.72;0.94]
—2.5 [-6.0;+0.5] —1.0 [-4.5;+1.0] +3.5[+0.5;+6.0]

Tr: transverse; Co: Coronal; Sa:Sagittal; #5: median CT reformat; #4 and# 6: paramedian CT reformats, #3 and #7: paralateral CT reformats; #2 and #8 : lateral CT
reformats; NA: not assessed.
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or superior to 0.90 and difference in median values between -1.5 and higher correlation coefficient with the reference values than when the
+0.5 in comparison with the standard of reference for both readers analyzed reformats were derived from the transverse CT reformats and
without any statistically significant difference in value (Table 1,2). one of the two long-axis CT reformats. Actually on the transverse re-
formats, analysis of the transverse component of the fractures was more
3.3.2. Models combining two planes difficult due to partial volume artifacts. In addition, analysis of the
Five of the nine tested models based on two planes had a ICC value fracture sites were more often non feasible on short- than on long-axis
equivalent or superior to 0.90 and difference in median values between reformats due to more metal-related artifacts on transverse images.
-1.5 and + 2.5 in comparison with the standard of reference for both Finally, the analysis of all reformats from only one plane provided
readers without any statistically significant difference in value results that poorly correlated with the standard of reference. This ob-
(Table 1,2). servation could derive from the complex and variable spatial orienta-

tion of cortical interruption in fractures that, depending on their rela-
tion with the orientation of the plane may or may not be conspicuous on
one of the plane.

Several difficulties interfered with the feasibility of the analysis
including metal-related artifacts, non-visibility of one of the fracture
edges due to bone deformity on long-axis images and limited con-
spicuity of the fracture line due to partial volume artifacts mainly on
transverse images. Although metal-related artifacts could have been
reduced by using specific post-processing software, their use could have
induced some loss in spatial resolution and they were not used in this
study [15].

The results of the current study could pave the way to the use of
digital tomosynthesis (DTS) for semi-quantitative fracture healing
evaluation. Tomographic images obtained at DTS enable to detect
nondisplaced fractures and to evaluate the healing process [16-19].
The fact that DTS does not provide transverse tomographic images due
to the translational nature of X-ray source displacement and to its
limited multiplanar capabilities could therefore have limited implica-

3.3.3. Models with one plane

Only four (reader 1) and one (reader 2) of the 21 models based on
one plane had a ICC value equivalent or superior to 0.90 and difference
in median values between -1.0 and +1.0 in comparison with the
standard of reference without any statistically significant difference in
value (Table 1,2).

3.4. Comparison between best models

For both readers, the median differences in ICC were statistically
significantly closest to the reference standard with the models com-
bining coronal and sagittal CT reformats than those combining coronal
and transverse or sagittal and transverse CT reformats (Table 3). The
median differences in ICC were the lowest for the models that combined
the two paramedian reformats for the two readers (Table 3).

4. Discussion tion in the evaluation of fracture healing with DTS since short -axis
images that are lacking at DTS seem to be of limited interest.

Our study performed in a series of tibial and femoral shaft non- Several limitations of the current study should be noted. First, a
unions demonstrated that the semi-quantitative analysis of the median limited number of patients were studied and we focused on surgically
CT reformat obtained in the three orthogonal planes or of the 2 para- proven non-united tibial and femoral shaft fractures. Second, we used a
median sagittal and coronal CT reformats was a valuable alternative to semi-quantitative scoring system derived from a radiographic scoring
the analysis of a large number of CT reformats obtained in the three system that has been validated for the analysis of fracture healing on
orthogonal planes. antero-posterior and lateral radiographs [14]. The current study did not

First, we demonstrated that the scores derived from the analysis of assess the value of this tomographic scoring system and did not com-
the median sagittal, coronal and transverse CT reformats or from the pare it with results obtained on radiographs of the same lesion. Third,
two paramedian sagittal and coronal CT reformats had a very high the reproducibility of the score calculated on a single reformat was fair
correlation coefficient (> 0.90) with the scores obtained at the analysis to moderate whereas it was good to very good when numerous re-
of all sagittal, coronal and transverse CT reformats. Most likely, the formats were assessed indicating that the analysis of one reformat may
scoring of all reformats from the three planes leads to data over- be influenced by that of the adjacent reformats. Finally, readers were
sampling as the same cortical areas are analyzed on the three stacks i.e. not blinded to the planes of the reformats during their analysis.
the fracture area located in the most lateral segment of the diaphysis In conclusion, the current study performed in a series of tibial and
can be assessed on the most lateral sagittal CT reformat and on the femoral shaft non-unions demonstrated that the analysis of the median
medial coronal CT reformat. coronal, sagittal and transverse CT reformats or of the two paramedian

Second, we demonstrated that the scores derived only from a lim- sagittal and coronal CT reformats was a valuable alternative to the

ited number of sagittal and coronal CT reformats appeared to have a

Table 3
Comparison for the two readers of the performance of the models combining one (#5), two (#4 and #6) or three (#4,#5 and #6) CT reformats obtained in the
coronal and sagittal planes with those combining either the transverse and sagittal or the transverse and coronal planes.

Plane combinations Reader 1 Reader 2

CoSA” vs TrSa’ P value Median difference in ICC [95%CI] P value Median difference in ICC [95%CI]
#5 < 107* +0.104 [+0.101; +0.107] < 107* +0.039 [+0.037; +0.042]

#4 and #6 < 107* +0.031 [+0.030; +0.033] <1074 +0.039 [+0.038; +0.040]

#4, #5 and #6 < 1074 +0.072 [+0.070;+0.073] < 1074 +0.051 [+0.050;+0.052]

CoSA vs TrCo P value Median difference in ICC [95%CI] P value Median difference in ICC [95%CI]
#5 < 107* +0.095 [+0.092; +0.98] <107 +0.078 [+0.076; +0.080]

#4 and #6 < 1074 +0.007 [+0.006; +0.008] < 107 +0.020 [+0.019; +0.020]

#4, #5 and #6 < 107* +0.038 [+0.038;+0.039] < 107* +0.031 [+0.030; +0.032]

The median difference in ICC was statistically significantly closest to the reference standard with the models combining the coronal and sagittal imaging planes and
difference was the lowest for the model combining the two paramedian reformats.

* CoSa combines coronal and sagittal planes; TrSa combines transverse and sagittal planes; TrCo combines transverse and coronal planes.

** #5 is median CT reformat; #4 and #6 are the two paramedian CT reformats.
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analysis of a large number of CT reformats obtained in the three or-
thogonal planes. The observation that short-axis reformats were not
mandatory could pave the way to the use of DTS - that only provides
long-axis reformats- to semi-quantitatively evaluate the healing process
of long bone fractures.
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