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Qrsemr

Background: This study aimed to analyze the correlation between bone mineral density
(BMD) and the type of 5th metatarsal fracture, as well as to demonstrate whether there
is a difference in radiological findings (heel alignment angle [HAA], heel moment arm
[HMA], and metatarsus angle) between fracture types. Methods: A total of 87 patients
were enrolled in the study and allocated into 3 groups: the Zone 1 group (N=36), the
Zone 2 group (N=33), and the Zone 3 group (N=18). The participants’ demographic
data, T-scores, existing fracture or osteoporosis medications, and radiologic parameters
including HAA, HMA, and metatarsus adductus angle were analyzed and compared. Re-
sults: There was a significant difference between the mean age of the participants, with
the highest age in the Zone 1 group and the lowest in the Zone 3 group. Regarding the
history of concurrent fracture or osteoporosis medications, there was no significant dif-
ference between the 3 groups. Similarly, no significant difference was observed between
the 3 groups about the BMD values. In contrast, the HAA was statistically significant in
all groups with a positive correlation of -8.9 in the Zone 1 group, a negative correlation
of 3.55 in the Zone 2 group, and an inverse relationship of 6.1 in the Zone 3 group. The
metatarsus adductus angle was significantly higher in the Zone 3 group than the Zone 1
and Zone 2 groups. Conclusions: The location of a 5th metatarsal bone fracture is not
significantly associated with BMD. However, mechanical influences, such as hindfoot
varus or forefoot adductus, have a significant correlation with fracture types.
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INTRODUCTION

There are many fracture types in the tarsal and metatarsal areas and various
fractures related to osteoporosis.[1] Several guidelines [2,3] stipulate that patients
who suffer a low-energy trauma fracture should be referred for bone densitome-
try to identify those suffering from osteoporosis, since there are evidence-based
treatments to prevent further fractures in patients who have sustained a fracture
the hip, vertebra, or wrist.[4,5]
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However, opinion differs about whether low-energy
trauma-related metatarsal fractures should constitute a
reason for bone density assessment. Some studies have
shown that patients with a metatarsal fracture are at in-
creased risk of osteoporosis at the spine,[6,7] whereas oth-
ers have concluded that foot fractures are largely indepen-
dent of spine bone mineral density (BMD).[8]

Therefore, we authors hypothesized that the correlation
between BMD and metatarsal fracture might vary because
various fractures occur depending on the location and char-
acteristics of metatarsal bone fractures.

In the past, all 5th metatarsal base fractures were called
Jones fractures,[9] but now they are divided into 3 parts
depending on the location of the fracture (Fig. 1).[10] First,
Zone 1 fracture is a fracture involving the proximal tuber-
cle that results from an avulsion fracture of the long plan-
tar ligament, lateral band of the plantar fascia, or contrac-
tion of the peroneus brevis.[11] Zone 2 fracture occurs at
the metaphyseal-diaphyseal junction with involvement of
the 4th and 5th metatarsal articulation. This injury occurs
especially when medio-lateral force is applied to foot while
heel is raised and foot is plantar flexed. This Zone is called
‘Vascular watershed area’and is known to have a high prob-
ability of nonunion. Zone 3 fracture is a fracture of the 5th
metatarsal bone diaphysis known as a stress fracture.[12,13]
It occurs distal to the 4th and 5th metatarsal articulation,
and it has been reported to be related to cavovarus foot
deformity or metatarsus adductus deformity.[14] It is as-
sumed that this is due to the tensile force acting on the
fracture area.

Therefore, we authors tried to examine 2 aspects in this
study. First, to analyze the correlation between BMD values
and type of 5th metatarsal fracture. Second, to prove whe-
ther there is a difference in radiological paragraphs (heel
alignment angle [HAA], heel moment arm [HMA], and meta-
tarsus angle) according to the fracture type.

Zone Il

Zone ll

Fig. 1. Three types of metatarsal fracture.
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METHODS

1. Study group selection

This retrospective study was evaluated at our institution
and approved by the Inje University Seoul Paik Hospital In-
stitutional Review Board (PAIK2018-08-007). Among 428
patients who visited 3 orthopedic department foot and
ankle centers for 5th metatarsal bone base fracture from
May 2016 to December 2020, those 55 years of age or old-
er and who underwent BMD were selected. Accordingly, a
total of 106 patients were monitored, and patients with
high energy trauma injury, with arthritis of the ankle and
foot regions, and patients who underwent artificial joint or
osteotomy were excluded. Therefore, a total of 87 patients
were analyzed. Among them, the Zone 1 group was 36 cas-
es, the Zone 2 group was 33 cases, and the Zone Ill was 18
cases (Fig. 2).

Thereafter, the BMD values of the 3 groups were com-
pared and analyzed, and whether accompanying fractures
or osteoporosis drugs were administered.

Meanwhile, radiological parameters such as HAA, HMA,
and metatarsus adductus angle were also analyzed and
compared (Fig. 3).

2. Treatment

Non-displaced Zone 1 fractures were treated with con-
servative management [9] and early weight-bearing walk-
ing with an orthopedic shoe, Jones bandage dressing, or
elastic bandage dressing were recommended.[10,11,15-
17] However, Zone 1 fractures displaced greater than 3
mm or comminuted were reduced and operatively fixed
using Kirschner wires, small screws, tension band wiring.[9]

Zone

36 (41.4%)

w1
2
m3

18(20.7%)

33(37.9%)

Fig. 2. Three groups of metatarsal fracture.
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Since Zone 2 and Zone 3 fractures have a higher rate of
delayed union, non-union and refracture, early surgical fix-
ation were applied for faster time to union and return to
activity. Tension band wiring, variable pitch tapered crew
fixation, and percutaneous bicortical screw fixation were
used.[10,12,18,19]

3. Statistical analysis

We compared demographic findings, radiologic findings,
and BMD according to each Zone group.

Parametric data were expressed as mean = standard de-
viation, and nonparametric data were expressed as medi-
an and interquartile ranges. Normality test was performed
by Shapiro-Wilk test.

For the differences between the 3 groups, the one-way
ANOVA and y” test was used for parametric data and the

Fig. 3. Radiological parameters.
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Kruskal-Wallis test and Fisher’s exact test were used for non-
parametric data. For all tests, P-values of less than 0.05 were
considered significant. Statistical analyses were performed
using the software package SPSS for Windows version 16.0
(SPSS Inc., Chicago, IL, USA).

4. Power analysis

We performed a power analysis corresponding to the
primary outcome, the BMD T-score, which was calculated
to be 75% for the lumbar spine and 37.8% for the femur.
On the other hand, our study results show that for the lum-
bar spine, a total of 95 samples are required to satisfy an
effect size of 0.1, a significance level of 0.05, and 80% pow-
er. For femur, a total of 258 samples are required under the
same conditions. Statistical analyses were performed using
R with the pwr package (version 3.6.3; The R Foundation
for Statistical Computing, Vienna, Austria).

RESULTS

The demographic of each group was as follows (Table 1).

The mean age of the patient group was the highest in
Zone 1 and the lowest in Zone 3, which was statistically
significant (P=0.0035). In Zone | and Zone I, female domi-
nance was shown and Zone 3 showed male dominance,
but it was not significant. There was no significant differ-
ence between the 3 groups in the history of concurrent
fractures or osteoporosis medications.

According to the BMD values between each Zone group
(Table 2), both the femur and lumbar spine BMD T-scores
were highest in Zone 1 and lowest in Zone 3. However, there
was no statistical significance in the difference between
the 3 groups.

The differences in radiographic features are shown as
follows (Table 3).

Table 1. Patients’ demographics and the history of concurrent fractures or osteoporosis medications

Zone 1 (N=36) Zone 2 (N=33) Zone 3(N=18) P-value

Age (yr) 64 (62 to 68) 63 (59 to 67) 60 (58 to 62) 0.0035

Sex 0.3053
Male 15 (41.67%) 11(33.33%) 10 (55.56%)
Female 21 (58.33%) 22 (66.67%) 8 (44.44%)

Accompanying fracture 6(16.67%) 6(18.18%) 1(5.56%) 0.5425

Osteoporosis medication history 7(19.44%) 8(24.24%) 3(16.67%) 0.8351

The data is presented as median (range), or number (%). Stands for P<0.05 significant.
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Table 2. Comparison of bone mineral density between 3 groups

JBM

Zone 1 (N=36) Zone 2 (N=33) Zone 3 (N=18) P-value
BMD T-score (femur) -2.17+0.49 -2.22+0.61 -2.27+£071 0.6265
BMD T-score (lumbar spine) -1.92+0.65 -2.06+0.7 -2.25+09 0.3514

The data is presented as mean + standard deviation. Stands for P<0.05 significant. Comparison of 3 groups using one-way analysis of variance and y* test.

BMD, bone mineral density.

Table 3. Comparison of radiological parameters between 3 groups

Zone 1 Zone 2

Post-hoc (P-value)”

Zone 3
Pvalug®

(N=36) (N=33) (N=18) Zone 1vs.  Zone 1vs.
Zone 2 Zone 3
HAA -22(-36t01.7) 2(-3.8103.08) 2.6(-0.3103.95) 0.0316 0.5307 0.0172
HMA -8.9(-12.05t0 3.9) 3.55(-11.43 t0 8.43) 6.1(-1.65 to 8.45) 0.018 0.2993 0.0097
Metatarsus adductus angle 20.15(17.6510 22.72) 20.1(16.8 to 26.8) 28.85(21.42 t0 32.1) 0.012 1.0000 0.0106

The data is presented as mean (range). Stands for P<0.05 significant. Comparison of 3 groups using one-way analysis of variance and »’ test.

dPvalue was calculated by Kruskal-Wallis test.
®P.value were calculated by Dunnett's method using Bonferroni’s correction.
HAA, heel alignment angle; HMA, heel moment arm.

The HAA had an average value of -2.2 in Zone 1, 2 in
Zone 2, and 2.6 in Zone 3, which was statistically signifi-
cant (P=0.0316). Zone 1 showed a positive correlation of
-8.9, Zone 2 3.55, and Zone 3 6.1, a statistically significant
difference (P=0.018). The metatarsus adductus angle was
28.85 in Zone 3, which was higher than in Zone 1 (20.15)
and Zone 2 (20.1), which was also statistically significant
(P=0.012). In the post hoc test, significant correlations
were observed between Zone 1 and Zone 3 in both HAA
and HMA and metatarsus adductus angle.

DISCUSSION

The 5th metatarsal fracture is the most common fracture
in metatarsal bone. The peroneus brevis tendon attaches
to the dorsolateral aspect of the tuberosity at the base of
the 5th metatarsal bone, the peroneus tertius tendon at-
taches to the dorsal side of the metaphysis, the lateral band
of plantar fascia attach to plantar aspect of tuberosity and
the interosseous ligament to between the base of 4th and
5th metatarsal bone. The tuberosity is supplied by the me-
taphyseal artery. The nutrient artery enters the bone mar-
row cavity from the diaphysis, then divided into a branch
running distally and a branch running retrograde to pro-
vide blood supply to a proximal metaphyseal-diaphyseal
junction. So, vascular watershed area exists in metaphyse-
al-diaphyseal junction, which accounts for the higher risk
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of delayed union and nonunion of fractures in this region.
[20,21]

There have been various studies on the correlation be-
tween 5th metatarsal base fracture and osteoporosis.[7,22]
Varenna et al. [6] reported an association between low T-
score level at L-spine and metatarsal base fracture. Guler
and Cerci [23] analyzed Zone 3 stress fracture of 5th meta-
tarsal base in premenopausal and postmenopausal wom-
en. It was reported that serum levels of vitamin D were low-
er in postmenopausal women, and the risk of stress frac-
ture was higher in this regard.[23]

However, some studies have shown that there is no sig-
nificant correlation between metatarsal base fracture and
osteoporosis. Bridges and Ruddick [24] reported that pa-
tients with metatarsal fracture have a normal age-matched
BMD. The reason why the results of previous research deal-
ing with the relationship between osteoporosis and the
occurrence of 5th metatarsal bone fracture are different,
we thought that the location of the 5th metatarsal bone
fracture could act as a variable. Accordingly, we compared
the difference in BMD according to each Zone, and this is
the first study to confirm the difference in variables accord-
ing to the metatarsal base fracture area.

Although there was no statistical significance in our re-
sults, the BMD values according to each Zone group were
relatively highest in Zone 1 and lowest in Zone 3. It was
judged that this was because, compared to Zone 1 frac-
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tures, which had many avulsion fractures due to relatively
high energy, Zone 3 had more stress fractures in the meta-
tarsal bone diaphysis area. However, this may be due to
the small number of samples, so further studies with a larg-
er sample are needed to verify a more accurate correlation.

Also, a previous study by Pradhan et al. [25] reported Zone
3 atypical fracture associated with long-term use of bisphos-
phonates and that long-term use of osteoporosis drugs can
cause atypical metatarsal fractures, so it is necessary to take
medical history closely. Also, in our study, Zone 3 metatar-
sal fracture was observed in patients with osteoporosis who
took long-term bisphosphonate therapy. However, looking
at the overall rate, the rate of taking osteoporosis drugs
was rather high in Zone 2, and there was no statistical sig-
nificance. However, this result is because other osteoporo-
sis drugs such as selective estrogen receptor modulator as
well as bisphosphonate were included in the group study.
It was also inferred that the proportion of stress fractures
other than bisphosphonate-induced stress fractures was
more common in Zone 3.

Next, there were studies about the occurrence of 5th meta-
tarsal bone fracture according to the foot alignment angle.
Fleischer et al. [14] described that adducted forefoot pos-
ture and varus heel posture act as risk factors for Jones frac-
ture by increasing the force on the 5th metatarsal bone.
Raikin et al. [19] reported that 90% of patients diagnosed
with Jones fracture had hindfoot varus, and 0% of refrac-
tures were observed when a lateral heel wedge or forefoot
post insert was inserted after surgery. Our present study
also showed the same trend as previous studies. Further-
more, in hindfoot alignment, the more proximal the frac-
ture occurred, the higher the probability that the heel had
a varus posture. We thought that this is because the area
where the stress concentration is applied to the 5th meta-
tarsal bone varies depending on the posture of the heel.
The more the heel takes a varus posture, the more the HMA
is tilted to the medial and becomes larger, and the proxi-
mal of the 5th metatarsal bone is strengthened (Fig. 4).

In the case of metatarsus adductus, Fishco et al. [26] re-
ported in a previous study that the presence of metatarsus
adductus increased pedobarograph foot pressure in the
lateral midfoot area. Similarly, in our study, the metatarsus
adductus angle was significantly higher in Zone 3 than in
Zone 1 and Zone 2, indicating that strain was relatively ap-
plied to the distal area of the 5th metatarsal bone in the

https://doi.org/10.11005/jbm.2021.28.3.231
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Fig. 4. Changes in the location of stress concentration according to
changes in heel alignment.

presence of metatarsus adductus.

However, our study also has some drawbacks. First, the
sample size of Zone 3 was small, which made more accu-
rate analysis difficult. This may be because Zone 3 fracture
is relatively rare compared to Zone 1 and Zone 2. There-
fore, it is necessary to analyze each Zone group further lat-
er. Second, each patient's BMD was measured only on the
femur and lumbar spines. Since this study is an analysis of
foot fractures, measurements from tarsal bones such as
calcaneus may reflect more accurate results. However, due
to the technical problem of this medical institution, it was
not possible to measure in the relevant area. Finally, there
is a disadvantage that information on more diverse demo-
graphics, such as body mass index, could not be investi-
gated.

Despite these shortcomings, this study is the first to com-
pare the characteristics of fractures occurring in each Zone
in the 5th metatarsal bone fracture. Through this, it was
found that mechanical properties such as foot alignment
angle were more important than bone quality such as pa-
tient’s BMD in the occurrence of fractures occurring in each
Zone.

CONCLUSION

In the occurrence of 5th metatarsal bone fracture, the
difference according to the location of each Zone does not
have a large effect on the patient's BMD, but mechanical
influences such as hindfoot varus or forefoot adductus act
greatly.
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