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Abstract 

Background  To achieve successful osteosynthesis during arthroscopic ankle arthrodesis, increased stability and com-
pression pressure during fixation are needed. Screw threads must be anchored within the talus, however, the bone 
mineral density of the talus has not been reported. This study used computed tomographic values to determine 
whether bone mineral density of the talus is lower in patients with ankle osteoarthritis than in healthy individuals 
and to determine the part of the talar cancellous bone with the highest bone mineral density.

Methods  We studied the talus in 10 feet with and 10 without end-stage ankle osteoarthritis. Each talar cancellous 
bone was divided into the lateral process, head and neck, middle body, and medial body. Computed tomographic 
values of each segment were measured to calculate the relative bone mineral density difference between regions.

Results  Mean (± standard deviations) computed tomographic values in the healthy talus group were 
638.329 ± 139.765, 465.960 ± 74.254, 537.109 ± 82.443, and 469.016 ± 84.490 for the four segments. Mean computed 
tomographic values in the end-stage ankle osteoarthritis talus group were 360.994 ± 117.403, 284.397 ± 101.142, 
327.814 ± 114.772, and 297.524 ± 105.667 for the same segments. The bone mineral density of the lateral process 
of the talus was significantly higher in both the healthy and osteoarthritis talus groups, and the bone mineral density 
of the talus in the osteoarthritis talus group was significantly lower than that in the healthy talus group.

Conclusions  The bone mineral density of the talus in end-stage ankle osteoarthritis was significantly lower 
than that of a healthy talus. The highest relative bone mineral density was inferred to be from the middle body 
to the lateral process.

Keywords  Computed tomographic value, Ankle osteoarthritis, Arthroscopic ankle arthrodesis, Talar fragility, Talar 
bone mineral density

*Correspondence:
Satoshi Kamijo
s.kamijo@kbh.biglobe.ne.jp
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12891-025-08798-3&domain=pdf


Page 2 of 7Kamijo et al. BMC Musculoskeletal Disorders          (2025) 26:530 

Background
The prevalence of osteoporosis increases from 2% in 
females aged 50 to > 25% by 80 years [1]. An estimated 
one in five males > 65 years sustains a fragile bone frac-
ture [2]. Therefore, improved osteosynthesis methods 
are needed for enhanced stability required. Symptomatic 
ankle osteoarthritis (AOA) prevalence increases with age 
and worsens after age 50 and especially after age 70 [3, 
4]. Therefore, AOA may be accompanied by osteoporosis, 
possibly with talar fragility. Ankle arthrodesis is the gold 
standard surgery for end-stage AOA [5–7], and bone fra-
gility decreases arthrodesis construct stability [8]. Stabil-
ity and compression are crucial during fixation to prevent 
postoperative nonunion in osteosynthesis instability 
between the tibial plafond and talar trochlea during ankle 
arthrodesis.

In open-ankle arthrodesis, residual cartilage and sub-
chondral bone curettage can be performed under direct 
visual guidance [9], and joint surface conditions can be 
observed during arthrodesis. Firm fixation is confirmed 
by visually observing marrow juice gush when pressing 
bones together. However, in arthroscopic ankle arthrode-
sis, marrow juice gush cannot be directly observed and 
is indirectly confirmed via surgical imaging during osteo-
synthesis. Therefore, a more reliable fixation method is 
desirable for arthroscopic ankle arthrodesis.

The type of fixation device is important, and screw 
type affects crimping pressure and pressure change [10]. 
However, proper screw installation is crucial for achiev-
ing expected results; therefore, screw insertion must be 
optimized. Although screw insertion methods have been 
reported [11–16], the best screw thread location in the 
talar cancellous bone (TCB) remains unknown. As joint 
surface pressure after screw installation is caused by 
sandwiching the joint surface between the screw head 
and thread for typical cannulated cancellous screws, the 
screw thread location in the TCB is important for obtain-
ing higher pressure. Inserting the screw thread into a part 
of the of the TCB with a higher BMD will be more advan-
tageous for achieving bone fusion in arthroscopic ankle 

arthrodesis. Therefore, at least one cannulated cancellous 
screw is always inserted during fixation of arthroscopic 
ankle arthrodesis to position the threads in the lateral 
process (LP) of the TCB, as it is empirically inferred that 
it is the most solid. However, the bone mineral density 
(BMD) of each part of the TCB remains unknown. The 
study aimed to use computed tomography (CT) values 
to determine whether the BMD of the TCB is lower in 
patients with AOA than that in healthy individuals and 
to determine the part of the TCB with the highest BMD.

Materials and methods
Study participants
This study was approved by our ethics committee. Writ-
ten informed consent was obtained from all the par-
ticipants. Ten taluses from patients without a history of 
AOA or ankle complaints requiring CT imaging for other 
diseases (healthy talus group; two male and eight female, 
mean ± SD age 58.4 ± 11.8 years, and BMI 23.2 ± 2.29 kg/
m2) and 10 taluses from patients with end-stage AOA 
(Takakura Classification IIIb-IV) scheduled for arthro-
scopic ankle arthrodesis (AOA talus group; one male and 
nine female, mean ± SD age 66.9 ± 9.54 years, and BMI 
24.9 ± 2.89 kg/m2) were included. The study spanned 12 
months, enrolling consecutive patients as they visited the 
hospital and provided consent. Diagnosis of AOA was 
confirmed by the author (an orthopedic surgery special-
ist) and an independent orthopedic surgery specialist. 
Imaging was performed using a 64-row multi-slice CT 
instrument (Discovery Optima CT 660, GE Healthcare 
Japan, Tokyo, Japan) with a slice thickness of 1 mm and a 
tube voltage of 120 kV. Morphological operation software 
(SYNAPSE VINCENT, FUJIFILM Medical Co., Ltd., 
Tokyo, Japan) was used to exclude areas corresponding 
to the talar cortex from the images, isolating the TCB 
(Fig. 1). The TCB was subsequently divided into the fol-
lowing four segments based on fixed criteria: the lateral 
side of the body (LP), head and neck (HN), middle of the 
body (MIB), and medial body (MEB) (Fig. 2a). CT value 
calculation software (SYNAPSE VINCENT, FUJIFILM 

Fig. 1  Removing areas corresponding to the talus cortex from images via morphological image processing
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Medical Co., Ltd., Tokyo, Japan) was used to compare the 
average Hounsfield units ([HU]ave.). obtained from these 
regions.

Criteria for dividing the TCB into segments

1)	 The HN segment separated by a plane perpendicu-
lar to the talar neck axis, in contact with the anterior 
border of the trochlea (Fig. 2b).

2)	 The LP segment separated by a plane passing through 
the point where the articular surface curvature of the 
talar lateral malleolus begins and is perpendicular to 
the straight line connecting the apex of the medial 
border of the trochlea and the outermost end of the 
LP of the talus (Fig. 2c).

3)	 MIB and MEB segments divided by a plane perpen-
dicular to the line segment connecting the apexes of 

the medial and lateral borders of the trochlea, passing 
through the midpoint of that line segment (Fig. 2d).

The [HU]ave. of each part of each talar sample was cal-
culated using the following formula:

where the CT value is given in [HU], the volume at which 
the CT value is V[HU], and the volume of each segment is 
Vall (Fig. 3).

Statistical analyses
Statistical analyses were performed using The Bell Curve 
in Excel version 4.07 software (Social Survey Research 
Information Co., Ltd., Tokyo, Japan) by correspond-
ing author. The Kolmogorov–Smirnov test was used to 
test for normality. Differences between sections were 

[HU ]ave. =
[HU ]× V[HU ]

Vall

Fig. 2  a TCB into the following four segments according to fixed criteria: LP (lateral side of the body), head and neck (HN), middle of the body 
(MIB), and medial body (MEB). b HN segment is separated by the plane in contact with the anterior border of the talar trochlea and perpendicular 
to the talar neck axis. c The LP segment is separated by the plane that passes the point where articular surface curvature of the talar lateral malleolus 
begins and is perpendicular to the straight line connecting the two points; the apex of the medial border of the trochlea and the outermost 
end of the LP of the talus. d Each segment of the MIB and MEB is divided by the plane perpendicular to the line segment connecting the apexes 
of the medial and lateral borders of the trochlea and passing through the midpoint of the line segment
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identified using one-way repeated-measures analysis of 
variance and Holm’s multiple comparison test. All tests 
were two-tailed. Data are presented as the mean and 
standard deviation (SD). Values of p < 0.05 were indica-
tive of statistically significant differences, with an (*) indi-
cating 0.01 ≤ p < 0.05, (**) indicating 0.001 ≤ p < 0.01, and 
(***) indicating p < 0.001.

Results
Normality was confirmed for all datasets using the Kol-
mogorov–Smirnov test. There were no significant differ-
ences between the healthy talus group and the AOA talus 
group in male/female ratio, mean age, and mean BMI 
(p = 0.531, 0.068, and 0.309, respectively).

The mean CT values ([HU]ave.) of LP, HN, MIB, MEB 
of the healthy talus group were 638.329 ± 139.765 SD, 
465.960 ± 74.254 SD, 537.109 ± 82.443 SD, and 469.016 
± 84.490 SD, respectively. The [HU]ave. values were sig-
nificantly higher for the LP than for other segments of 
the talus (p < 0.01). The [HU]ave. values were significantly 
higher for MIB than those for HN and MEB (p < 0.05) 
(Fig. 4a).

The [HU]ave. values in the AOA talus group were 
360.994 ± 117.403 SD, 284.397 ± 101.142 SD, 327.814 
± 114.772 SD, and 297.524 ± 105.667 SD for the LP, HN, 
MIB, and MEB, respectively. The [HU]ave. value was sig-
nificantly higher for the LP than that for HN and MEB 
(p < 0.01); however, it was not significantly different from 
that of MIB. The [HU]ave. value was significantly higher 
for MIB than that for HN (p < 0.05), and no significant 
difference was observed between the [HU]ave. values of 
HN and MEB (Fig. 4b).

When the [HU]ave. values were compared between the 
healthy and AOA talus groups, [HU]ave. values for all seg-
ments were significantly lower in the AOA talus group 
(p < 0.001) (Fig. 4c).

Discussion
In previous studies on screw insertion in arthroscopic 
ankle arthrodesis, there has been much discussion about 
the site and direction of screw insertion to achieve joint 
surface stabilization during fixation [11–16]. However, in 
our knowledge, no study has focused on the BMD of the 
talus for screw insertion to achieve joint surface stabiliza-
tion during fixation which is one of the important factors 
for bone union.

Bone strength is primarily determined by BMD, 
accounting for approximately 70% of bone strength [17, 
18]. A positive correlation exists between BMD and 
CT values [19, 20]. Accordingly, identifying high BMD 
areas using CT values allowed us to achieve stronger 
fixation by targeting these areas for screw insertion. Lee 
et al. found CT values useful for differentiating patients 
with osteoporosis from healthy individuals [21]. In our 
study, CT values were significantly lower in the in the 
talar AOA group, requiring arthroscopic ankle arthro-
desis, than those in the healthy talus group, indicating 
low BMD. Therefore, for the talar AOA group, opti-
mizing screw insertion methods and insertion place-
ment is crucial for improving fixation reliability during 
arthroscopic ankle arthrodesis. As the TCB volume for 
screw placement is limited, making it difficult to insert 
a numerous screws, it is important to devise methods 
to obtain effective pressure fewer screws. Our results 
showed higher CT values in the LP than those in the 

Fig. 3  Example of HU–Volume histogram of part of the talus
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HN and MEB in both healthy and AOA talus groups. 
In addition, talar AOA cases, which is an indication 
for surgical treatment, CT values were higher for the 
LP, although no significant difference was observed 
between the LP and MIB. We concluded that the BMD 
of the TCB was higher in the LP and MIB than that in 
the HN and MEB. Therefore, at least one screw should 

have its thread positioned in the LP, inserted from 
above the medial malleolus toward the LP, as shown in 
Fig.  5. However, the LP has a narrower area than the 
other parts, making it difficult to position a second or 
third thread there. The MEB has the lowest CT value, 
indicating the lowest BMD, making it disadvantageous 
for initiating the positioning of screw threads in terms 

Fig. 4  a [HU]ave. values of LP, HN, MIB, and MEB of the healthy talus group; [HU]ave. values were significantly higher for LP than that for other 
segments of the talus. Additionally, the [HU]ave. values were significantly higher for MIB than for HN and MEB. b [HU]ave. values in the AOA talus 
group for the respective LP, HN, MIB, and MEB segments; the [HU]ave. value was significantly higher for LP than that for HN and MEB; however, 
it was not significantly different from that of MIB. [HU]ave. value was significantly higher for MIB than that for HN, and no significant difference 
was observed between [HU]ave. values of HN and MEB. c Comparing [HU]ave. values between the healthy and AOA talus groups; [HU]ave. values of all 
segments were significantly lower in the AOA talus group
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of compression pressure. Reports of screw insertion 
from the lateral side of the tibia toward the MEB [11, 
13] suggest this method is suboptimal for compression 
pressure. Therefore, for maximum compression pres-
sure, the second and third screws should be inserted 
above the medial malleolus, with threads positioned 
in the MIB. However, in cases requiring biomechani-
cal stability or when anterior subluxation of the talus 
is present (common in end-stage AOA) [22, 23], cross-
screwing [11, 13], and/or home run screw techniques 
[16] are highly effective. Therefore, adding a screw 
thread in the LP alongside these techniques enhances 
biomechanical stability and fixation can by providing 
higher compression pressure.

A limitation of this study is the relatively small sample 
size, which may limit the generalizability of the findings. 
However, the absence of prior studies and power analy-
sis made determining an appropriate sample size diffi-
cult. Ethical considerations will guide further efforts to 
increase the sample size to assess whether similar results 
are obtained. Another limitation is the study’s assump-
tion of a general cannulated cancellous screw (with head 
and tip thread) rather than a headless screw, such as the 
Acumed® Acutrak® screw, necessitating future compari-
sons of crimping pressure performance between these 
screw types. Furthermore, additional limitations arise 
from the lack of clinical studies, such as the need to com-
pare outcomes of arthroscopic ankle arthrodesis with 
and without screw thread in the LP.

Conclusions
The BMD of the talus in patients with end-stage AOA was 
significantly lower than that in healthy talus. The highest 
relative BMD was observed from the middle of the body to 
the LP. Therefore, for optimal compression pressure during 
screw insertion in arthroscopic ankle arthrodesis, at least 
one screw thread should be positioned in the LP. Future 
studies have been planned to support our claims based on 
clinical data.
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