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�� BiomeCHaniCS

Thickness of simple calcaneal tuberosity 
avulsion fractures influences the optimal 
fixation method employed

aims
This study aimed to establish the optimal fixation methods for calcaneal tuberosity avulsion 
fractures with different fragment thicknesses in a porcine model.

methods
A total of 36 porcine calcanea were sawed to create simple avulsion fractures with three dif-
ferent fragment thicknesses (5, 10, and 15 mm). They were randomly fixed with either two 
suture anchors or one headless screw. Load- to- failure and cyclic loading tension tests were 
performed for the biomechanical analysis.

Results
This biomechanical study predicts that headless screw fixation is a better option if fragment 
thickness is over 15 mm in terms of the comparable peak failure load to suture anchor fix-
ation (headless screw: 432.55 N (SD 62.25); suture anchor: 446.58 N (SD 84.97)), and less 
fracture fragment displacement after cyclic loading (headless screw: 3.94 N (SD 1.76); suture 
anchor: 8.68 N (SD 1.84)). Given that the fragment thickness is less than 10 mm, suture an-
chor fixation is a safer option.

Conclusion
Fracture fragment thickness helps in making the decision of either using headless screw or 
suture anchor fixation in treating calcaneal tuberosity avulsion fracture, based on the regres-
sion models of our study.
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article focus
�� How does the fragment thickness of 

an avulsion fracture affect the pullout 
strength of headless screw and suture 
anchor fixation?
�� How do headless screw and suture anchor 

fixation behave when treating calcaneal 
avulsion fracture with various thicknesses 
in mechanical testing?
�� Can headless screw fixation be an alter-

native for avulsion fracture fixation, and if 
so, when should it be used?

Key messages
�� Fragment thickness affects the pullout 

strength of headless screw fixation more 
than suture anchor fixation.
�� The pullout strength of headless screw 

fixation is comparable to suture anchor 

fixation when the fragment thickness is 
above 15 mm.
�� Preoperative or intraoperative measure-

ment of avulsed fragment thickness 
could help to decide the optimal fixation 
method to use.

Strengths and limitations
�� For the first time, the current study inves-

tigates the effects of avulsed fragment 
thickness on fixation strength of headless 
screw and suture anchor in the calcaneal 
avulsion fracture.
�� This study did not take osteoporotic 

porcine bones for testing models, which 
possibly affects its applicability to calca-
neal tuberosity avulsion fractures.
�� Further clinical studies should be 

conducted to validate the effects of the 
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avulsed fragment thickness on headless screw and 
suture anchor fixation.

introduction
A calcaneal tuberosity avulsion fracture is not an 
uncommon fracture, which usually affects women in 
their seventh decade.1 The fracture fragments are usually 
2 to 3 cm long and are situated in the posterosuperior 
portion of the posterior tuberosity,2 where the Achilles 
tendon sits. Surgery is usually indicated for the displaced 
fracture. A plethora of surgical fixation methods have 
been described in the literature, such as tension banding 
wiring or cannulated screws combined with cerclage 
wires; however, poor bone qualities3,4 and high risks of 
postoperative wound complications mean that there is 
currently no consensus on the best fixation methods.5,6 
The poor bone quality of this fracture makes complex 
suture fixation the most commonly applied surgical tech-
nique.7- 9 However, lag screw fixation is an alternative 
when the fracture fragment is sufficiently large.10- 12

Screw pullout is one of the most common failure 
mechanisms of screw fixation.13,14 Khazen et al11 suggest 
that lag screws combined with suture anchors provide 
better fixation. Wheeler and McLoughlin15 demonstrated 
that lag screw provides lower pullout strength than the 
all- threaded headless screw. The fully threaded design 
of the headless screw allows greater pullout strength, 
while its variable pitches lead to better compression, thus 
accelerating bone healing.16,17 Additionally, screw fixation 
is relatively easily applied and thus decreases surgical 
time. Nevertheless, use of a headless screw for calcaneal 
avulsion or similar fractures is seldom discussed in the 
literature.

Since suture fixation is the most common strategy to 
deal with calcaneal tuberosity fracture, we decided to 
compare suture fixation with headless screw fixation. 
The fragment thickness is one of the determining factors 
for the pullout strength of a screw, and should be taken 
into consideration for fixation methods.18 However, the 
optimal thickness of the fracture fragment for the screw 
fixation is not discussed much in the literature. To investi-
gate the effect of fragment thickness on calcaneal tuber-
osity avulsion fracture, we decided to compare headless 
screw fixation to suture fixation with suture anchors only, 
to minimize the complexity of the fixation construct. 
This study aimed to provide surgeons with evidence of 
value- based treatment for decision- making. Therefore, 
we believe that this is the first study to compare head-
less screw and suture anchor fixation for simple calcaneal 
avulsion fracture with different thicknesses, and to deter-
mine the optimal fixation methods.

methods
Biomechanical model. This study used one- year- old 
porcine heels (Sus scrofa domestica) stored at -20°C be-
fore shipping. The National Taiwan University Hospital 
Medicine Institution Animal Care and Use Committee ex-
empted this study to apply for approval fulfilling ARRIVE 

criteria because of the direct use of animal explants from 
an abattoir. Before the experiment, the samples were 
thawed at 4°C for 24 hours. Bone mineral density (BMD) 
was measured by scanning the 2  cm central portion 
of each sample using micro- CT (Skyscan 1176; Bruker, 
USA).19- 21 After micro- CT, the 3D- printed cutting jig was 
applied to saw the calcaneal tuberosity to make an arti-
ficial fracture mimicking a calcaneal tuberosity avulsion 
fracture with the designated thickness of 5, 10, or 15 mm 
(12 heels in each thickness). The fractured fragment was 
further shaped into a cuboid with a 12 × 12 mm2 area to 
standardize the fragment shape. The height, width, and 
length of every fracture fragment were measured using 
a calliper.
Study group. To investigate the effect of fracture fragment 
thickness in headless screw and suture anchor fixation, 
we created three groups with different fragment thick-
nesses (5, 10, and 15 mm) for both fixations. There were 
six subgroups in total, and each subgroup contained six 
porcine heels. In each subgroup, three heels were tested 
in the load- to- failure tests while the other three received 
cyclic loading tests.
Fixation technique. For headless screw fixation (Acutrak 
2: 30  mm in length; Acumed, USA), the fragment was 
manually reduced, and a 1.2 mm Kirschner wire (K- wire) 
was used for temporary fixation and anti- rotation. The 
guidewire then passed through the tendon and was in-
serted perpendicularly to the fracture plane. A 30  mm 
standard- sized headless screw was inserted and tight-
ened over the guidewire until the whole screw was em-
bedded into the bone completely, thus avoiding the risk 
of the irritation to surrounding tissues. (Figure 1b).

The suture spanning technique was achieved by two 
suture anchors (TWINFIX Ti 3.5 mm with two No. 2 Dura-
braid Sutures; Smith & Nephew, UK).22- 24 First, the reduc-
tion was done manually and secured by one K- wire. Next, 
the first suture anchor (anchor 1) was inserted obliquely 
at the 12 o’clock position with a 45° angle in respect to 
the fracture plane; then, the other one (anchor 2) was 
inserted beneath the fracture border at the 6 o’clock posi-
tion. After insertion of the two suture anchors, the four 
ends of the two strands of anchor 1 all passed the tendon 
by the free needle for the horizontal mattress suture. 
Meanwhile, only one end of each strand of anchor 2 
passed the tendon and then passed back again. Finally, 
the sutures of anchor 1 were tied, first to compress the 
fragment, and then the remaining sutures were tied to 
secure the fixation (Figure 1a).
Biomechanical testing. In the test, the calcanea were 
fixed in a custom- made cylinder holder fixed with six 
screws and cast in polymethyl methacrylate cement. We 
used ten strands of No. 5 Ti- Cron (Covidien; Medtronic, 
Ireland) to tube the tendon and fix it to the custom- 
made tendon binder of the testing machine (Lloyd LRX; 
AMETEK, USA) (Figure  1c). The test was performed at 
room temperature. During testing, saline was sprayed to 
keep the sample wet, as well as to preserve non- tested 
samples. Before testing, a preload of 25 N was applied 
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Fig. 1

a) The suture spanning technique with two suture anchors. The blue arrow marks the thickness of the fragment. b) Headless screw fixation for the calcaneal 
tuberosity fracture. c) The setting of the porcine heel on the material testing machine. To simulate the ankle joint in the postoperative protective condition, 
the tested angle between the tendon and the long axis of the calcaneal body was set at 45°.

to each sample for 30 seconds for pre- tensioning. Finally, 
the load- to- failure test was performed to simulate the 
acute trauma event,5,25 while the cyclic loading test was 
used for simulation of postoperative early rehabilitation.26

Load-to-failure test. The machine directly pulled the 
Achilles tendon at a rate of 200 mm/min. The load and 
elongation were recorded at a frequency of 40 Hz. The 
load- elongation curve was then plotted for analysis 
(NEXGEN; Lloyd, UK). The peak failure load (load- to- 
failure test), stiffness (load- to- failure test), and failure 
mode were recorded. Peak failure load was defined as the 
maximal load on the load- elongation curve. Stiffness was 
the slope of the most linear region of the load- elongation 
curve. Finally, the failed modes of the two fixation meth-
ods were recorded.
Cyclic loading test. In the cyclic loading test, the machine 
pulled the tendon from 25 N to 500 N for 500 cycles at a 
speed of 300 mm/min. The number 500 was designated 
because of the assumption of having 100 cycles of train-
ing every weekday during the early staged rehabilitation. 
The load and elongation were recorded at a frequency 
of 40 Hz. The difference of the final actuator position be-
tween the first and last cycles at a tension of 25 N was 
defined as the creep. The mean stiffness of the cycles was 
treated as the mean stiffness of the cyclic loading test. If 
the samples survived 500 cycles, an additional load- to- 
failure test would pull the fixation complex until failure, 
and the maximal load on the load- elongation curve was 
recorded as the peak failure load (cyclic loading test). If 
the samples failed the cyclic loading test, the biggest load 
recorded among the cycles was treated as the peak failure 
load (cyclic loading test) instead.
Statistical analysis. If R2 is 0.64 and the effect from the 
main predictor is 10, three samples per group gave 75% 
power in the multiple linear regression model assum-
ing α is 0.05. SPSS v26.0 (IBM, USA) was used for the 
statistical analysis. For all the statistical tests, a p- value < 
0.05 is considered statistically significant. One- way anal-
ysis of variance (ANOVA) tested the difference in BMD 
between these six subgroups, while one- sample t- test 
compared the BMD values of the porcine calcanea with 
the reference value of human calcanea in the literature.27 

One- sample t- test also examined the proximity of the 
measured length, width, and thickness of the fragment 
to the designated values. This study has two independ-
ent variables: one categorical variable and one scale var-
iable. The relationship between these two independent 
variables and all the outcome measures was examined by 
correlation analysis (parametric: Pearson correlation test; 
non- parametric: Spearman correlation test). Point biserial 
correlation modification was taken when examining the 
correlation between the outcome measures and fixation 
methods. If the outcome measure was only correlated to 
one independent variable, the outcome would be tested 
by the parametric (independent- samples t- test or one- 
way ANOVA) or nonparametric test (Mann- Whitney U 
test) according to the normality results examined by the 
Shapiro- Wilk test. If the outcome measure was correlat-
ed to both independent variables, multiple regression 
analysis was used. The multiple regression analysis took 
the analysis of covariance (ANCOVA) test when the two 
independent variables did not have combined effect to 
the outcome measure. Conversely, when the combined 
effect existed, moderation analysis was applied. The de-
tailed statistical workflow is shown in Supplementary 
Figure a.28

Results
The length, width, and thickness of the fragment showed 
no statistical difference from the designated values. 
The porcine calcaneal BMD was also comparable to the 
human BMD (p = 0.102, one- sample t- test) (Supplemen-
tary Table i).19 The BMD values among the six subgroups 
were not significantly different (p = 0.120, one- way 
ANOVA) (Supplementary Figure b).

All the outcome measures passed the normality 
tests except the mean stiffness in the cyclic loading test 
(Supplementary Table ii). The mean and 95% confidence 
intervals (CIs) of all the outcomes are listed in Table I. In 
the cyclic loading test, all the samples survived the test 
except the 5 mm samples with headless screw fixation. 
All the failure modes of the headless screw and suture 
anchor fixation in the load- to- failure and cyclic loading 
tests are listed in Table II.
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Table i. All outcome measures in the six subgroups.

outcome 
measure Load- to- failure test

Suture anchor, mean 
(95% Ci)

Headless screw, mean 
(95% Ci)

Peak 
failure 
load, n
5 mm 428.39 (301.47 to 555.32) 267.20 (206.88 to 327.52)

10 mm 358.43 (216.80 to 500.05) 315.75 (282.96 to 348.55)

15 mm 446.58 (361.61 to 531.55) 432.55 (370.30 to 494.80)

Stiffness, 
n/mm
5 mm 63.99 (42.88 to 85.10) 73.60 (70.79 to 76.41)

10 mm 52.35 (23.83 to 80.87) 82.67 (68.72 to 96.61)

15 mm 46.23 (35.53 to 56.93) 73.18 (66.66 to 80.36)

Cyclic loading test
Peak 
failure 
load, n
5 mm 387.54 (224.49 to 550.59) 224.01 (188.41 to 259.61)

10 mm 354.27 (202.17 to 506.37) 324.30 (288.13 to 360.47)

15 mm 390.76 (356.59 to 424.93) 402.57 (363.82 to 441.33)

mean 
stiffness, 
n/mm
5 mm 38.17 (24.76 to 51.58) N/A

10 mm 41.61 (27.17 to 56.06) 42.32 (31.30 to 53.33)

15 mm 35.85 (34.14 to 37.56) 63.43 (46.55 to 80.30)

Creep, mm
5 mm 10.51 (5.67 to 15.35) N/A

10 mm 10.10 (6.09 to 14.11) 6.20 (4.87 to 7.54)

15 mm 8.68 (6.84 to 10.53) 3.94 (2.18 to 5.70)

CI, confidence interval; N/A, not applicable.

The correlation evaluation demonstrated that the stiff-
ness in the load- to- failure test and mean stiffness in the 
cyclic loading test were mainly associated with the fixa-
tion methods rather than fragment thickness (Table  III). 
The correlation coefficient (CC) between the stiffness 
(load- to- failure test) and fixation methods was 0.808 
(p < 0.001, Pearson correlation test). Similarly, the CC 
between the mean stiffness (cyclic loading test) and fixa-
tion methods was 0.661 (p = 0.007, Spearman correla-
tion test). To confirm the effect of fixation methods on the 
stiffness (load- to- failure test) and mean stiffness (cyclic 
loading test), independent- samples t- test showed a signif-
icant difference between the suture anchor and headless 
screw fixation (p < 0.001), while the Mann- Whitney U 
test showed a significant difference for the mean stiff-
ness (cyclic loading test) (p = 0.012) (Figures 2a and 2b). 
Unlike the stiffness (load- to- failure test) and mean stiffness 
(cyclic loading test), peak failure load (cyclic loading test) 
had a significant association with the fragment thickness 
(CC = 0.541, p = 0.021, one- way ANOVA). However, one- 
way ANOVA could not show significant differences in the 
peak failure load (cyclic loading test) among the different 
fragment thickness groups (p = 0.070) (Figure 2c).

The peak failure load (load- to- failure test) and creep 
were significantly correlated with both the fixation 
method and fragment thickness (Table  III); this means 
that both the fixation methods and fragment thickness 
affect the value of the peak failure load of load- to- failure 
test and creep after cyclic loading. Thus, multiple regres-
sion analysis is needed to examine the effect of these two 
variables (Supplementary Figure a). The initial interaction 
test presented the significant interaction of the fixation 
methods and fragment thickness, and this interaction 
affected the peak failure load (load- to- failure test) (p 
= 0.018), but not the creep (p = 0.246, both ANCOVA 
interaction test). The creep then entered the main effect 
model and demonstrated that the fixation method is the 
main predictor (R2 = 0.83, p < 0.001) (Table  IV). In this 
model, suture anchor fixation tended to have 4.10 mm 
more creep than headless screw fixation after controlling 
the thickness (Figure 3b).

Conversely, because of the significant interaction effect 
of the fixation methods and fragment thickness, the peak 
failure load (load- to- failure test) could be predicted by 
fixation methods, fragment thickness, and a combination 
of the two, as shown in Table IV (p = 0.001, R2 = 0.67). In 
this model, the peak failure load (load- to- failure test) of 
the headless screw fixation was not comparable to the 
suture anchors until the achieved thickness was bigger 
than 15 mm after controlling the fixation methods (p = 
0.980, ANCOVA). (Figure 3a).

Discussion
The results of this study show that the headless screw 
fixation for the 15  mm thick simple calcaneal avulsion 
fracture has comparable peak failure load (load- to- failure 
test) to the suture anchor fixation as well as less creep 
after cyclic loading.

To further explain the results, we adopted modified 
Chapman’s formula defining the pullout strength of the 
conical screw similar to the design of the headless screw.18

Modified Chapman’s formula:

 
 
Fpullout = Sshear × πLD0−equ ×

(
1
2 + 1√

3
dequ
p

)
×

(
1−n2
1−m2

)b
 

 

 
Sshear = aρb;m = Di−equ

Do−equ ;n = dp
Do−equ   

The symbols in the formula are respectively denoted 
as: Fpullout: pullout force; Sshear: shearing force at the bone- 
screw plane; L: the screw length within the bone; a,b: the 
constants associated with bone quality; Di- equ: inner diam-
eter equivalent of the screw; Do- equ: outer diameter equiv-
alent of the screw; dp: diameter of the predrilling tunnel; 
p: thread pitch; dequ: thread depth equivalent (Figure 4b).

From the equation, we know that the shearing force 
(Sshear) at the contact plane is related to the bone quality 
that may vary little in the standardized animal models. The 
m and n are associated with screw designs and change 
little along the screw length. This means that the main 
contributor of peak failure load would be mostly from 
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Table ii. The failure modes of the suture anchor and headless screw fixation in the load- to- failure and cyclic loading tests.

Test Headless screw Suture anchor

Fracture fragment 
pullout Broken screw

Fracture fragment and 
screw pullout Broken sutures

Broken 
eyelet

anchor 
pullout

Load- to- failure 6 0 3 9 0 0

Cyclic loading 9 0 0 9 0 0

Table iii. The correlation between all the outcome measures and the two 
independent variables in terms of fixation method and fragment thickness.

outcome measure Fx/FT R2

Correlation 
coefficient p- value

Load- to- failure test
Peak failure load, N Fx 0.245 -0.495 0.037*†

FT 0.261 0.511 0.030*

Stiffness, N/mm Fx 0.653 0.808 < 0.001*†

FT 0.269 -0.269 0.280*

Cyclic loading test
Peak failure load, N Fx 0.195 -0.441 0.067*†

FT 0.292 0.541 0.021*

Mean stiffness, N/mm Fx 0.431 0.661 0.007†‡

FT 0.177 0.276 0.320‡

Creep, mm Fx 0.734 -0.857 < 0.001*†

FT 0.331 -0.575 0.025*

*Pearson correlation test
†Point biserial correlation.
‡Spearman correlation test.
FT, fragment thickness; Fx, fixation method.

Fig. 2

a) Mean and 95% confidence intervals (CIs) of the stiffness of different 
fixation methods in the load- to- failure test, and the significant difference 
between the suture anchors and headless screw fixation. b) The median of 
the mean stiffness of cyclic loading tests and 95% CIs of the two fixation 
methods and the significant difference is noted. c) Mean and 95% CIs of 
the peak failure load of cyclic loading test of different fragment thicknesses, 
with no significant difference noted among the groups (p = 0.070). ns, p 
> 0.05, one- way ANOVA; *p < 0.05, Mann- Whitney U test; ***p < 0.001, 
independent- samples t- test. ns, non- significant.

either F1 or F2, which are proportional to the embedding 
screw length (L1 or L2) in Figure 4a. We assume that the 
calcaneal body length is always longer than the avulsed 
fragment (L2 > L1), and thus the main contributor of peak 
failure load (load- to- failure test) would come from F1. In 
this case, the failure should pull out the fracture fragment 
only; however, the pullout of both the fragment and 
screw happened as the fragment thickness increased to 
15 mm. This change of failure modes is due to the use 
of the screw with a fixed length, so L2 decreases simul-
taneously as the fragment thickness increases. In real 
situations, if a longer headless screw is available to keep 
L2 consistently longer than L1, then the peak failure load 
(load- to- failure test) of the headless screw should increase 
along with the increase of the fragment thickness, as in 
our regression model.

Unlike headless screw fixation, suture anchor fixation 
failed at sutures and its peak failure load (load- to- failure 
test) was affected less by the fragment thickness in the 
regression model. The failure mode of suture anchor 
fixation implies that its resistance against pulling mainly 
originates from suture strength. The suture strength of 
four strands of FiberWire (Arthrex, USA) with three- throw 
knots is around 250 N29 but above 400 N with the suture 
spanning technique, which is the common practice for all 
kinds of avulsion fractures in the National Taiwan Univer-
sity Hospital. Interestingly, in our regression models the 
peak failure load (load- to- failure test) of suture anchor 

fixation is approximated and then exceeded by headless 
screw fixation when the fragment thickness increases 
from 10 mm to 15 mm. However, this only applies when 
the longer headless screw is available to provide long 
enough L2.

In the cyclic loading test, all the 5 mm samples of the 
headless screw fixation failed; this implies that 5 mm is 
too thin for the headless screw fixation. As long as the 
fragment thickness increases above 10  mm, headless 
screw fixation survives the cyclic loading test. Simultane-
ously, the peak failure load (cyclic loading test) of head-
less screw fixation is close to the suture anchors. Our 
findings about peak failure load (load- to- failure test) and 
peak failure load (cyclic loading test) are different from 
the literature, where the pullout strength of the suture 
techniques surpasses the compression screws for the 
avulsed tibia spine fractures.30- 32 The possible reasons are 
that these studies use conventional compression screws 
rather than headless compression screws, thus providing 
bigger pullout strength.15 Moreover, the fragment thick-
ness is not taken into account, although it is one of the 
major factors deciding the pullout strength.

Our study shows that the stiffness (load- to- failure 
test) and mean stiffness (cyclic loading test) are fixa-
tion method- dependent. Stiffness is the force needed to 
create a certain deformation of a structure. When pulling 
the fixation complex, the deformation of the headless 
screw could be from the proximal fragment, titanium 
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Table iV. The results of multiple regression analysis and regression models for the creep and peak failure load in the load- to- failure test.

outcome variable R2 intercept B (fixation) B (thickness)
B (combined effect of 
fixation and thickness) p- value

Creep 0.83 12.13 -4.10* -0.24 N/A < 0.001†

Peak failure load (load- to- failure test) 0.67 173.15 219.79 16.53 -14.72 0.001‡

*The reference fixation method was headless screw fixation for the dummy variables (headless screw = 1; suture anchor = 0).
†Analysis of covariance.
‡Moderation analysis.
B, beta coefficient; N/A, not applicable.

Fig. 3

A) Regression model of the peak failure load of load- to- failure tests. 
Moderation analysis showed that the peak failure loads of suture anchors 
and headless screw fixation were significantly different in the 5 mm and 10 
mm thick fragment groups. B) Regression model of the creep. By controlling 
the thickness, the suture anchor fixation tended to have 4.1 mm bigger creep 
than headless screw with p < 0.001. All the 5 mm thick fragments of headless 
screw fixation failed the test, and thus no values are shown. **p = 0.006, 
***p = 0.001; multiple regression analysis.

Fig. 4

a) The pullout force of the headless screw fixation originating from F1 or 
F2. When F1 < F2, the proximal fragment would be pulled out. Conversely, 
when F1 > F2, the fragment and screw would be pulled out together. b) The 
pullout force of the screw is associated with the screw design and diameter 
of the predrilling tunnel (dp). F(1 or 2), the pullout force of the screw; L(1 
or 2), the screw length within the bone; X, the specific x position along the 
screw length; Di(X), inner diameter of the screw at X position; Do(X), outer 
diameter of the screw at X position; dp, diameter of the predrilling tunnel.

screw, and calcaneal body. These three are all hard, solid 
substances. Unlike headless screw fixation, the deforma-
tion of the suture anchor fixation mainly occurs at the 
sutures or anchor screws. Since sutures are less stiff than 
anchors, the major deformation may mainly come from 
the sutures. Therefore, stiffness (load- to- failure test) and 
mean stiffness (cyclic loading test) are fixation method 
dependent and smaller in the suture anchor fixation 
regardless of the fragment thickness.

Since the headless screw fixation complex is stiffer 
than the suture anchors, there is less deformation after 
repeated loading than with the suture anchors. This 
explains why creep is mainly affected by the fixation 
methods in our regression model. Accordingly, less creep 
in headless screw fixation is expected, and therefore the 
patients may be allowed to start earlier rehabilitation.

Our study successfully demonstrated that 4.0 mm 
diameter headless screw fixation is a possible alternative 
when fracture fragment thickness is over 15 mm, while 
suture anchors are a better option for a fracture with a 
thickness less than 10 mm. Realizing the importance of 
fragment thickness in avulsion fracture helps to deliver a 
better value- based treatment, thus fulfilling the patient’s 
needs. However, this is a pilot study and larger clinical 
studies for simple calcaneal avulsion or similar fractures 
are needed to validate the findings.

Our study has a number of limitations. As an ex 
vivo study, the porcine bone morphology and texture 
of tendons might be not the same as in humans.33 
The calcaneal tuberosity avulsion fracture commonly 
happens in osteoporotic bones; however, the current 
study used porcine calcanea with normal bone densi-
ties. This may affect the applicability of the study results, 
although BMD may not have affected the pullout force in 
previous biomechanical studies.34,35 Additionally, pulling 
the fragment unidirectionally at a fixed angle only fulfills 
the failed mechanism of unidirectional pulling, and does 
not simulate other failure modes such as shearing or 
compression. Furthermore, porcine heels are specifically 
isolated to receive tests while the surrounding bones, 
muscles, ligaments, and articulation are all removed. 
These structures may contribute to fixation stability, but 
are not discussed here.

Both headless screw and suture anchor fixation for 
the calcaneal avulsion fracture or similar fractures are 
potentially arthroscopically feasible. However, all the 
procedures were performed openly. We believe that 
the open technique could result in more consistent fixa-
tion and decrease errors. Meanwhile, this study did not 
include the common fixation method such as suture 
anchors combined with compression screws. Despite 
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these limitations, this study still provides a reference of 
the optimal thickness to choose headless screw fixation 
for simple calcaneal avulsion fractures.

In conclusion, this biomechanical study demonstrates 
that the appropriate thickness for a standard- size head-
less screw to fix simple calcaneal avulsion fractures is 
15 mm in terms of the comparable peak failure load to 
the suture anchor fixation, with better fixation construct 
stiffness and less displacement after cyclic loading. Given 
that the fragment thickness is less than 10  mm, suture 
anchor fixation seems to be the safer choice.

Supplementary material
  Data regarding the standardization of the artificial 

fracture fragment, as well as the workflow of mul-
tiple regression analysis.
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