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Article

Casts and fracture boots are used in a variety of clinical 
scenarios, including acute and chronic ankle injuries and 
immobilization after surgery.12,20 Selecting to cast or brace 
is often based on anecdotal evidence and may be compli-
cated by different options, including low and high fracture 
boots.2,3,8 Advantages of fracture boots include ease of 
application, speed in the clinic, convenient access to the 
underlying skin or wound, ability to be removed for range 
of motion exercises, and improved patient hygeine.4,7,18 
Casts conform to the underlying foot and ankle, which 
results in a custom fit. Furthermore, they are difficult to 
remove, making them especially useful in the noncompliant 
patient. Despite these differences, both casts and fracture 
boots work on the basis of stabilizing the ankle joint in 
order to promote soft tissue and osseous healing.14 In addi-
tion, these devices may redistribute load from the plantar 
surface of the foot to the proximal leg, thereby protecting 
structures of the foot and ankle.25

Previous studies examining the stability of casts and 
boots do not offer definitive support for a certain type of 
immobilization. In a study utilizing static radiographic mea-
surements, Kadakia et al12 showed that fiberglass casts had 
the smallest range of sagittal ankle motion compared with 4 
other fracture boots. However, this study was limited by 
measurements made on static radiographs in maximum 
plantarflexion and dorsiflexion, which do not reflect routine 
weightbearing (WB) conditions. In another study employing 
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Abstract
Background: Short leg casts (SLCs) and fracture boots are used to treat foot and ankle injuries, but the decision to use 
one device over the other is often subjective. This study compared the impact of SLCs and low and high fracture boots on 
ankle motion and offloading.
Methods: Twenty healthy adults were prospectively studied. High-speed dynamic radiography was utilized to determine 
tibiotalar range of motion in the sagittal plane during nonweightbearing (NWB) and weightbearing (WB) gait in a shoe 
(control), SLC, and low and high fracture boots. Sensors captured peak plantar surface forces to determine ankle offloading.
Results: In NWB, the low fracture boot (2.2 ± 2.0 degrees), high fracture boot (2.3 ± 1.6 degrees), and SLC (2.3 ± 1.5 
degrees) had significantly less motion compared with the control (3.6 ± 2.1 degrees; P ≤ .026). During WB, the SLC (3.4 
± 1.4 degrees) and high fracture boot (4.8 ± 2.0 degrees) had less motion compared with the low fracture boot (7.8 ± 
3.4 degrees; P < .001). Finally, the SLC (172.6% ± 48.3% body weight [BW]) and low fracture (165.1% ± 36.2% BW) and 
high fracture (154.5% ± 32.9% BW) boots were associated with less peak plantar surface force compared with the control 
(195.0% ± 43.8% BW; P ≤ .087).
Conclusion: The SLC and high fracture boot immobilized the ankle in NWB and offloaded and immobilized the ankle in 
WB. The low fracture boot also immobilized the ankle in NWB, but in WB, the low fracture boot only offloaded the ankle 
and did not immobilize it.
Clinical Relevance: The low fracture boot may be more suited for NWB or possibly immobilizing the foot in WB.
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a prosthetic foot-ankle complex, Raikin et al20 reported that 
casts offer the greatest resistance to sagittal motion and coro-
nal torque compared with 5 braces. Extrapolating the results 
of this study to in vivo stability is difficult. A more recent 
study used fluoroscopic techniques in healthy subjects but 
only compared high and low fracture boots with shoewear 
and did not include casts.16 The authors found improved sta-
bility with the high fracture boot compared with the low 
fracture boot.

In order to provide more clarity on the ability of short leg 
casts (SLCs) and low and high fracture boots to immobilize 
and offload the ankle in clinically relevant conditions, this 
study utilized dynamic radiography to determine sagittal tib-
iotalar range of motion in both WB and nonweightbearing 

(NWB) conditions. In addition, to determine the degree to 
which each device offloads the plantar surface, sensors were 
utilized to measure plantar surface forces. Based on prior 
studies and the conformity to individual anatomy afforded 
by casting, we hypothesized that the SLC would more effec-
tively immobilize and offload the ankle compared with the 
high and low fracture boots.

Methods
This study was approved by our Institutional Review Board, 
and all subjects provided written informed consent to par-
ticipate. Healthy subjects 18 years and older with no history 
of foot and ankle pathology were recruited to our motion 
analysis lab by hospital newsletter advertisement in 
September-October 2016. Pregnancy was an exclusion cri-
terion due to radiation exposure. Sample size was based on 
prior studies.12,16 The primary outcome measures were sag-
ittal tibiotalar range of motion and peak plantar surface 
force. Twenty subjects (10 male and 10 female) were 
recruited for this study. The right ankle was tested in 10 
subjects and the left ankle in the other 10 subjects. The 
mean age was 29 (range, 18-59) years with a mean body 
mass index (BMI) of 23 (range, 18-32).

Sagittal tibiotalar range of motion was measured with 
2-dimensional dynamic radiography techniques. The 
dynamic radiography system consisted of two 100-kW 
pulsed radiography generators (CPX 3100CV; EMD 
Technologies, Quebec, QC, Canada) and 2 image intensifi-
ers (9447 VR 70; Thales, Moirans, France), optically cou-
pled to synchronized high-speed video cameras (Phantom 
v9.1; Vision Research, Wayne, NJ). The system was capa-
ble of obtaining simultaneous images in 2 planes; however, 
we obtained images only in the sagittal plane. All subjects 
wore lead protective shielding during radiography.

Subjects walked (WB) and used crutches (NWB) Was it 
touch-down WB to make sure foot was in sensor area? Please 
clarify what they did with foot if NWB.] inside the radiogra-
phy capture area in 4 conditions: shoe, SLC, high fracture 
boot (Aircast Foam Pneumatic Walker; DJO Global, Vista, 
CA), and low fracture boot (Aircast Short Pneumatic Walker; 
DJO Global) (Figure 1). In WB, subjects placed full weight 
through the lower extremity, and in NWB, patients placed no 
weight with the extremity undergoing radiographic analysis. 
The shoe condition served as a control for the study. Subjects 
were required to bring their personal closed toe athletic or 
dress shoes for testing with the upper portion extending no 
higher than the distal tips of the malleoli. Because we were 
interested in ankle motion and offloading, no restrictions 
were placed with reference to the stiffness of the sole. Three 
trials were collected for each combination of footwear condi-
tion and WB condition (total of 24 trials). An elevated plat-
form was required for image acquisition in WB and NWB 
conditions. Radiographic images were collected at 60 Hz 

Figure 1. (A) Weightbearing and (B) nonweightbearing in a 
low fracture foot through the radiography unit. (C) Force data 
were collected independently with sensors placed in the shoe or 
fracture boot or integrated into the cast.
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from heel strike to toe-off in the WB condition and for the 
duration the ankle was in the field of view in the NWB condi-
tion. In the WB condition, subjects took their first step into 
the field of view with the lower extremity of interest, and 
images were obtained of that lower extremity.

In order to measure sagittal tibiotalar range of motion, 
the angle between the tibia and talus in the sagittal plane 
(lateral tibiotalar angle) (Figure 2) was measured.19 ImageJ 
software (National Institutes of Health, Bethesda, MD) was 
utilized for all angle measurements. For WB, these mea-
surements were performed at heel strike, foot flat, and toe-
off. The sagittal tibiotalar range of motion was defined as 
the difference between the largest and smallest values at 
these phases of stance. In NWB, the lateral tibiotalar angle 
was measured in 3 frames selected in even intervals 
throughout the length of the radiographic imaging obtained 
for each trial. Again, the sagittal tibiotalar range of motion 
was defined as the difference between the largest and small-
est values. During radiographic analysis, observers were 
blinded to the subject.

Peak plantar surface force was defined as the maximum 
force recorded across the plantar surface of the foot. Force 
was measured with sensors (F-Scan Sensor; Tekscan, South 

Boston, MA) placed adjacent to the plantar surface of the 
foot for all 4 footwear conditions (Figure 1). Again, the data 
acquired in each subject’s personal shoe served as a control. 
Force data were collected independent of the radiographic 
data on a level ground surface in the laboratory. Subjects 
were instructed to walk or use crutches at a self-directed 
constant pace. Three trials were performed for each combi-
nation of footwear condition and WB condition (total of 24 
trials). Data were sampled at 750 Hz for 8 seconds per trial. 
All force data were calibrated relative to the subject’s body 
weight. Force was expressed in newtons and as a percent-
age of body weight.

Fiberglass SLCs were applied in a standardized fashion 
by a fourth-year orthopedic resident. Cotton stockinette 
(Allegro Medical, Bolingbrook, IL) was placed as the first 
layer followed by 3 layers of cotton under-cast padding 
(Kendall Webril; Covidien, Mansfield, MA). Extra under-
cast padding (3- ply layer) was applied to the heel and the 
malleoli. A 5-ply toe plate was created with the 3-inch fiber-
class casting tape (Scotchcast Plus Casting Tape; 3M, St 
Paul, MN). Fiberglass was then applied on top of the under-
cast padding 4 layers thick up to the tibial tuberosity. Neutral 
ankle position was achieved by flexing the knee during 

Figure 2. The lateral tibiotalar angle was measured as previously described12 utilizing ImageJ software. Images demonstrate 
measurements made for weightbearing in a (A) shoe, (B) low fracture boot, (C) high fracture boot, and (D) cast.
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application and verified visually after cast application. 
Adequate ankle positioning was confirmed by the subject 
after a trial of ambulation with cast reapplication if neces-
sary for patient discomfort or plantarflexed/dorsiflexed 
positioning. Appropriately sized cast shoes (Medline, 
Northfield, IL) were placed after cast hardening. Casts were 
removed with a cast saw vacuum system, as previously 
described.10 Three different sizes (small, medium, and 
large) of high and low fracture boots were sized and applied 
according to manufacturer specifications and participant 

comfort. Pneumatic cells in fracture boots were inflated to a 
conforming but comfortable fit for each participant.

Descriptive statistics were calculated for demographic 
data and used to determine the mean and standard deviation 
of sagittal tibiotalar range of motion and peak plantar surface 
forces for each condition. For the WB and NWB data, a 
1-way analysis of variance (ANOVA) independently assessed 
the effect of footwear on tibiotalar range of motion and peak 
plantar surface force. A Fisher’s post hoc test assessed pair-
wise comparisons. Statistical anaysis was performed with 
Systat (Systat Software Inc, San Jose, CA), and statistical 
significance was set at P ≤ .05.

Results

In both WB (P < .001) and NWB (P = .045), footwear had 
a significant effect on sagittal tibiotalar range of motion 
(Table 1). In the NWB condition, pairwise analysis showed 
significantly more sagittal tibiotalar range of motion for 
the control (3.6 ± 2.1 degrees) compared with the low 
fracture boot (2.2 ± 2.0 degrees; P = .015), high fracture 
boot (2.3 ± 1.6 degrees; P = .026), and SLC (2.3 ± 1.5 
degrees; P = .024) (Figure 3). No difference in sagittal 
tibiotalar range of motion was detected between the SLC 
and high fracture boot (P = .145), SLC and low fracture 
boot (P = .853), and the low and high fracture boots (P = 
.826). In addition, no difference in peak plantar surface 
forces (Table 2) was detected among all 4 footwear condi-
tions (P = .328) (Figure 4).

For the WB condition, the SLC (3.4 ± 1.4 degrees; P < 
.001) and high fracture boot (4.8 ± 2.0 degrees; P < .001) had 

Table 1. Sagittal Tibiotalar Range of Motion for the Short Leg Cast, High Fracture Boot, Low Fracture Boot, and Shoe (Control) in 
Nonweightbearing and Weightbearing.a

Nonweightbearing, deg Weightbearing, deg P Value

Short leg cast 2.3 ± 1.5 3.4 ± 1.4 .021
High fracture boot 2.3 ± 1.6 4.8 ± 2.0 <.001
Low fracture boot 2.2 ± 2.0 7.8 ± 3.4 <.001
Control 3.6 ± 2.1 9.4 ± 4.2 <.001

aValues are presented as mean ± standard deviation.

Figure 3. Sagittal tibiotalar range of motion for the short leg 
cast, high fracture boot, low fracture boot, and shoe (control) 
under nonweightbearing conditions. Significantly more motion 
was associated with the control compared with the low fracture 
boot (P = .015), high fracture boot (P = .026), and short leg 
cast (P = .024). No difference in motion was detected among 
the short leg cast and boots. Error bar represents 1 standard 
deviation.

Table 2. Peak Plantar Surface Force for the Short Leg Cast, High Fracture Boot, Low Fracture Boot, and Shoe (Control) in 
Nonweightbearing and Weightbearing.a

Nonweightbearing, % BW Weightbearing, % BW P Value

Short leg cast 10.4 ± 5.8 172.6 ± 48.3 <.001
High fracture boot 14.3 ± 10.1 154.5 ± 32.9 <.001
Low fracture boot 13.3 ± 8.9 165.1 ± 36.2 <.001
Control 17.0 ± 16.9 195.0 ± 43.8 <.001

Abbreviations: BW, body weight.
aValues are presented as mean ± standard deviation.



Nahm et al 5

significantly less sagittal tibiotalar range of motion compared 
with the control (9.4 ± 4.2 degrees), but no difference in 
motion was detected between the low fracture boot (7.8 ± 3.4 
degrees) and control (P = .092) (Figure 5). In addition, both 
the SLC (P < .001) and high fracture boot (P = .002) had 
less range of motion compared with the low fracture boot. 
No difference was detected between the SLC and high frac-
ture boot (P = .145). A significant effect for peak plantar 
surface force was observed in WB (P < .018). The peak 
plantar surface force was lower for the SLC (172.6% ± 
48.3% body weight [BW]; P = .087), low fracture boot 
(165.1% ± 36.2% BW; P = .023), and high fracture boot 
(154.5% ± 32.9% BW; P = .002) compared with the con-
trol (195.0% ± 43.8%) (Figure 6). No difference in peak 
plantar surface force was detected among the SLC and the 
boots.

Discussion

The choice to use a cast or fracture boot is often based on 
anecdotal or subjective evidence. Multiple factors are con-
sidered in this decision. Fracture boots are easily applied 
and removed, facilitating skin checks and range of motion 
exercises, and offer convenience and speed in the clinic.4 
Furthermore, in developed countries, fracture boots are less 
expensive compared with casting.13 Casts are molded to 
individual anatomy and may increase stability and improve 
plantar offloading and load distribution compared with 
fracture boots.25 In addition, because casts are difficult to 
remove, they may be more appropriate in the noncompliant 
patient. However, casting may be associated with thermal 
skin injury from application or cast saw use.11 In this set-
ting, our study offers objective evidence to help clinicians 
decide on an immobilization device. We found that SLC 
and high fracture boots were both effective in immobilizing 
the ankle in NWB and WB conditions with reduction  
in sagittal tibotalar range of motion by approximately 1 
and 5 degrees, respectively, compared with the control. 
Furthermore, the SLC and high fracture boot reduced the 
peak plantar surface force during WB by approximately 
20% and 40% of body weight, respectively, compared with 
the control. Low fracture boots also reduced the peak plan-
tar surface force during WB by approximately 30% of body 
weight compared with the control, but they did not immobi-
lize the ankle joint during WB.

The mechanisms by which immobilization devices pro-
mote healing include reducing motion and offloading force, 
as previously described.25 Because casting creates a custom 
fit, we hypothesized that the SLC would decrease motion 
and plantar surface force the most. However, no differences 
were observed for motion and force between the SLC and 

Figure 4. Peak plantar surface force in nonweightbearing for 
shoe (control), low fracture boot, high fracture boot, and short 
leg cast. No difference was detected among immobilization 
conditions (P = .328). Error bar represents 1 standard deviation.

Figure 5. Sagittal tibiotalar range of motion for the short leg 
cast, high fracture boot, low fracture boot, and shoe (control) 
under weightbearing conditions. Significantly less motion was 
observed for the short leg cast (P < .001) and high fracture 
boot (P < .001). No difference was observed between the 
control and low fracture boot (P = .092). Error bar represents 1 
standard deviation.

Figure 6. Peak plantar surface force in weightbearing for the 
shoe (control), low fracture boot, high fracture boot, and short 
leg cast. Less force was observed for the short leg cast (P = .087) 
and low (P =.023) and high (P = .002) fracture boots compared 
with the control. No difference was detected among the short 
leg cast and boots. Error bar represents 1 standard deviation.
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high fracture boot. Three different sizes of high fracture 
boots were available in order to create the best fit for the 
subject. Furthermore, inflatable pneumatic cells were a fea-
ture of the fracture boots utilized in this study, which may 
facilitate a more custom fit. Smaller or larger subjects may 
not experience similar results with these fracture boots. 
Interestingly, while low fracture boots were effective in 
offloading force in WB conditions, they did not limit 
motion. We attribute this finding to the shorter length of the 
“shank” portion of the low fracture boot. The shorter length 
may be sufficient for offloading the plantar surface force to 
the proximal leg but was not long enough to generate 
enough torque to resist motion at the ankle. We therefore 
suggest that low fracture boots may be adequate immobili-
zation in NWB conditions, but SLC and high fracture boots 
should be considered in WB.

To our knowledge, the ability of SLC and low and high 
fracture boots to immobilize and offload the ankle has not 
been evaluated in the literature. Furthermore, little informa-
tion is available regarding ankle motion and offloading in 
the NWB condition. Our study helps fill these gaps in the 
literature. Prior studies comparing casts and boots were lim-
ited by the use of static radiographs12 or a prosthetic model.20 
Other studies offered information regarding alteration in 
motion at the pelvis, hip, and knee.9,18,21 Therefore, our 
study offers new information with regard to the perfor-
mance of these devices. In a fluoroscopically based study 
evaluating low and high fracture boots, McHenry et al16 
found a statistically significant decrease in sagittal tibiotalar 
range of motion for high fracture boots (mean sagittal tibio-
talar range of motion, 2.2 degrees) and low fracture boots 
(8.0 degrees) compared with barefoot (16.7 degrees) in 
WB. Our study yielded similar sagittal tibiotalar range of 
motion for the low (7.8 degrees) and high (4.8 degrees) 
fracture boots but a lower value for the shoe (9.4 degrees), 
which represented the control condition. As a result, no sta-
tistical difference was detected in the sagittal tibiotalar 
range of motion between the low fracture boot and shoe in 
our study. In our study, sagittal tibiotalar range of motion 
was measured at 3 defined points in the stance phase: heel 
strike, foot flat, and toe-off. In contrast, McHenry et al 
defined sagittal tibotalar range of motion as the difference 
in the maximum plantarflexion and dorsiflexion. While this 
methodologic difference may be less important with immo-
bilization, we may have detected more motion in the shoe 
condition if we defined sagittal tibiotalar range of motion as 
the difference in maximum plantarflexion and dorsiflexion. 
This may be an area for further study. Shoes (and not bare-
foot condition) were utilized in our study in order to acco-
modate the pressure sensors. All shoes were below the 
malleoli, and we did not expect them to contribute to sagit-
tal tibiotalar stability.

In another study utilizing skin markers and force plates, 
Zhang et al27 found no difference in sagittal tibiotalar range 

of motion and ground reaction forces between 2 types of 
fracture boots and the shoe. Methodologic differences in 
skin marker–based gait analysis, force plate systems, and 
types of boot used may account for the lack of differences 
reported in their study. In contrast, another study utilizing 
insole-based pressure sensors found a decrease in peak 
pressure for the high fracture boot (37%) and low fracture 
boot (32%) compared with shoewear.5 These findings are 
consistent with our study, which found a decrease in peak 
plantar surface force for the high fracture boot (40%) and 
low fracture boot (30%) compared with the control. Other 
studies examining plantar surface forces utilized total con-
tact casts, which are used in diabetic patients to treat plantar 
ulcers.1,15,17,22 Although total contact casts are similar in 
design to SLCs, SLCs are used more frequently to treat 
acute injuries, and the ability to correlate these studies to 
our findings may be limited.

The results of our study did not strongly support SLC 
over high fracure boots, which is consistent with previous 
clinical studies. One randomized controlled study showed 
no long-term functional differences between casting and 
fracture boots after open reduction and internal fixation 
(ORIF) of ankle fractures. However, the group immobilized 
with the fracture boots was found to have more wound com-
plications.14 Other studies evaluating ankle ORIF showed 
that fracture boots were associated with improved ankle 
range of motion and subjective scores as well as shorter 
time to full WB compared with patients immobilized in a 
cast.6,7,24,26 These findings were likely related to the ease 
with which fracture boots were removed, facilitating range 
of motion exercises. However, the risk of wound complica-
tions with early mobilization in fracture boots may be mini-
mized by casting.

This study was limited by factors related to methodology 
and the subjects. Image acquisition required an elevated 
platform, while force measurements were made during lin-
ear ambulation. These testing parameters do not represent 
clinical conditions, and changes in direction or velocity dur-
ing WB likely affect the ability of immobilization devices 
to restrict ankle motion and offload the ankle. Also, young, 
healthy subjects with normal BMI were included in this 
study, which may limit the external validity of the results to 
injured or healing patients. In particular, because fracture 
boots are manufactured in certain sizes, they may not fit well 
for obese or very thin subjects or in the swollen extremity, 
and their effect on stability and offloading is unknown. The 
fit of the boots was difficult to objectively assess on the 
radiographs because the fit depends on inflation of pneumatic 
cells that are not radioopaque. Because casts are custom-
made for each subject, they may offer more predictable 
results in subjects at extremes of size and may be an area for 
future study. Furthermore, this study determined only sagit-
tal tibiotalar range of motion and did not account for motion 
in the coronal or axial planes. Although our laboratory has 
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biplanar radiographic capability to determine multiplanar 
motion, we decided against multiplanar analysis due to the 
requirement for CT imaging and associated cost and radia-
tion exposure. Because the magnitude of tibiotalar motion 
is greatest in the sagittal plane and relatively smaller in the 
coronal plane, we suggest that motion in the sagittal plane is 
an easily measured and acceptable surrogate for overall 
ankle motion. The cost and radiation of CT imaging as well 
as associated time required for data analysis outweighed 
any perceived benefit of multiplanar analysis. Next, the 
observer was not blinded to cast or boot conditions, and 
interobserver and intraobserver reliability of radiographic 
measurements was not performed. In addition, the peak 
plantar surface force was based on the maximum force mea-
sured across the plantar surface. The maximum force fre-
quently occurred at the heel, but the specific location of 
maximum force application was not documented. The spe-
cific location of the maximum force associated with each 
device may have implications in treating injuries at various 
anatomic locations. Furthermore, the fracture boots had a 
softer shock-absorbing material in the sole. In contrast, the 
cast had a hard rubber sole cast shoe. Sensors were placed 
inside the boot or cast, and the relative stiffness of the cast 
shoe likely led to an underestimate of the ability of the cast 
to offload the ankle. Next, the difference observed in peak 
plantar surface force observed in the SLC relative to the 
control condition approached statistical significance (P = 
.087). Although this difference was not statistically signifi-
cant, we concluded that the reduction in plantar surface 
force (approximately 20%) was clinically significant. 
Finally, the outcomes selected for this study were not clini-
cal measures, but we believe the results are valuable as pre-
liminary data for future clinical studies.

This study was strengthened by use of a dynamic radio-
graphic technique to determine sagittal tibiotalar range of 
motion. This technique was not affected by skin motion 
artifact associated with optical motion capture systems.23 
This radiographic technique may be used to delineate the 
impact of immobilization devices on specific types of foot 
and ankle injuries or postoperative conditions. For example, 
future study may focus on assessing the effect of immobili-
zation on patients who are allowed to bear weight early 
after ORIF of ankle fractures.

Conclusion

In conclusion, this study demonstrated that SLC and high 
fracture boots were both effective in immobilizing and 
offloading the ankle joint in WB and NWB conditions. 
Therefore, other treatment and patient-specific factors 
should be considered in deciding among the devices. 
Because low fracture boots did not offer restraint to tibiota-
lar motion in WB, they should be reserved for patients who 

are able to reliably maintain NWB restrictions or possibly 
conditions limited to the foot in WB.
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