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Abstract: Objective: This study aimed to investigate the role and effectiveness of using a low-position tourniquet in
surgery for calcaneal fractures. Method: A retrospective analysis was conducted on 42 calcaneal fracture patients
who underwent reduction and internal fixation with a plate via an L-shaped approach with low-position tourniquets
between January 2018 and July 2020. All fractures were fresh, unilateral, and classified as Sanders Ill and IV. The
patients, with an average age of 47.2 years, had no medical complications. The two groups were categorized based
on the position of tourniquets during surgery. In one group, the tourniquets were placed on the proximal thighs
(high-position tourniquet group, n=22), and in the other group, the tourniquets were positioned above the ankles
(low-position tourniquet group, n=20). The following observations were made: operation time, tourniquet time, in-
traoperative bleeding and incision healing, postoperative fracture healing, ankle-hindfoot scoring system (AOFAS
score) and visual analogue scale (VAS score), tourniquet complications such as soft tissue injury and deep venous
thrombosis (DVT). Result: No significant differences in general condition, fracture type, and complications of the two
groups before surgery were noted (P>0.05). Significantly less foot pain within two weeks after surgery and higher
AOFAS scores for motion pain within four weeks after surgery were observed in the low-position tourniquet group
compared to the high-position tourniquet group (P<0.05). However, there was no significant difference in AOFAS
function scores twelve weeks after surgery between the two groups (P>0.05). Additionally, one case of DVT and two
cases of soft tissue injuries were identified in the high-position tourniquet group, while no related complications
were encountered in the low-position tourniquet group (P<0.05). Conclusion: The use of a low-position tourniquet in
calcaneal fracture surgery ensures clear visibility during the procedure, reduces the incidence of early postopera-
tive pain and related complications, and promotes functional rehabilitation. This new method is considered worthy
of recommendation.
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Introduction quets is pivotal. Currently, the conventional
approach involves placing the tourniquet on the
proximal thigh, facilitating a clear surgical field
for smooth operation. However, this method
has been associated with increased postopera-
tive pain, a higher risk of deep vein thrombosis
(DVT), and soft tissue injuries over the years,
consequently affecting overall treatment effi-
cacy [2-4]. The heightened incidence of compli-
cations is primarily attributed to the temporary
ischemia induced by the relatively high pres-
sure exerted by the high-position tourniquet on
extensive tissues [5].

Calcaneal fractures due to trauma are fre-
quently encountered in clinical orthopedics.
For the surgical management of Sanders Ill and
IV calcaneal fractures, the lateral L-shaped
approach is commonly employed [1]. In the
realm of traumatic orthopedics, the adoption of
Enhanced Recovery After Surgery (ERAS) proto-
cols has led to pain-free mobility and early
rehabilitation. Achieving a reduction in compli-
cations and establishing conditions conducive
to early functional recovery involves various
factors, including preoperative preparations,

surgical techniques, and anesthesia. Within
these factors, the use of intraoperative tourni-

Recent advancements in tourniquet technolo-
gy, such as the introduction of timing controls,
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Table 1. Comparison of preoperative general data between two groups

Variable Low posi(tr:(ir;go)urniquet High pos(i:gr;;(;urniquet Statistic Vafue
Gender (male/female) 12/8 13/9 0.089 0.641
Mean age (year) 48.6+8.7 45.2+9.1 1.023 0.142
Time from injury to operation (d, x£s) 6.2+1.2 8.7+1.8 -0.576 0.595
Type of fracture 20 22 1.549 0.508
Sanders llI 12 13
Sanders IV 8 9

Multiple injuries

Multiple rib fracture (1)

Craniocerebral trauma (2) 0 0.986

Craniocerebral trauma (1)

ultrasonic guidance, and intelligent systems,
have significantly reduced the occurrence of
associated complications. Nonetheless, the
issue of soft tissue injuries and DVT persists
[6-8]. The substantial pressure applied by thigh
tourniquets during surgery leads to temporary
ischemia in bone tissue, a major factor contrib-
uting to these complications. As a result, we
have explored an innovative approach involving
low-position tourniquets, which could effective-
ly mitigate tissue ischemia-related damage and
theoretically reduce these complications. This
study aims to investigate the impact of low-
position tourniquets in open reduction and
internal fixation compared to high-position
tourniquets, with the goal of confirming wheth-
er they offer advantages in ensuring a clear
surgical field and reducing associated compli-
cations.

Methods
Study population

The current study involved the inclusion of a
total of 42 patients at Shanghai Tongji Hospital
between May 2018 and December 2020. The
age range encompassed 19 to 62 years, with
an average age of 47.2 years. Injuries were
caused by traffic accidents in 25 cases, falls in
9 cases, and walking sprains in 8 cases. The
time interval from injury to operation spanned
6 to 12 days, with an average of 7.8 days.
Inclusion criteria were as follows: (1) fresh uni-
lateral closed fractures, (2) the absence of soft
tissue damage around the ankle and foot, (3)
no history of ankle and foot trauma surgery,
and (4) well-controlled preoperative basic dis-
eases. Exclusion criteria included: (1) patients
with mental disorders, (2) patients with uncon-
trollable essential hypertension, arrhythmia, or
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diabetes, and (3) patients with arteriosclerotic
occlusive disease, lumbar disc herniation, and
other diseases that might affect blood supply,
sensation, and lower limb movement. The 42
patients were divided into two groups based on
the positioning of the tourniquets during sur-
gery: the low-position tourniquet group (n=20)
composed of 12 males and 8 females aged
between 21 and 58 years, including 12 cases
of Sanders type lll fractures and 8 cases of
Sanders type IV fractures; and the high-posi-
tion tourniquet group (n=22) comprising 13
males and 9 females aged between 19 and 62
years, including 13 cases of Sanders type Il
fractures and 9 cases of Sanders type IV frac-
tures. No skin or soft tissue injuries, nor neuro-
vascular injuries, were detected in either group.
There were no statistically significant differenc-
es between the two groups in terms of age,
time since injury, fracture type, or multiple inju-
ries (Table 1).

Surgical methods

Low position tourniquet group: Patients were
placed in a side-lying position, and standard
draping was carried out after routine disinfec-
tion. Sterile tourniquets, approximately 10 cm
wide, were applied around the ankle joint, posi-
tioned 10 cm above it, with 2-3 layers of gauze
placed beneath the tourniquets (Figure 1).
After blood evacuation, the tourniquet pressure
was increased by 30% relative to the patient’s
systolic blood pressure [4]. An incision in the
shape of a modified “L” (8-12 cm in length) was
created on the lateral side of the calcaneus.
The tissue was dissected layer by layer, with the
sural nerve and small saphenous vein being
carefully protected. A peroneus longus app-
roach was employed for the lateral malleolus.
After precise fracture reduction, the lateral
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Figure 1. A 49-year-old man with a traffic injury to his right ankle and foot resulting in a right calcaneal fracture. A,
B. Intraoperative tourniquet application. C. Intraoperative surgical field (white arrow).

plate was fixed. Access to the space between
the peroneus brevis longus and the flexor polli-
cis longus was obtained for the posterior mal-
leolus. The Volkmann fracture was exposed
and reduced, with the insertion of a screw or
buttress plate. A curved incision was selected
for the medial malleolus. Following reduction,
two hollow screw-type devices or a buttress
plate were inserted. In cases of injury to the
flexible medial malleolus, the deltoid ligament
was explored and repaired.

High position tourniquet group: Automatic
pneumatic tourniquets (AST type) were affixed
to the proximal thigh with a pressure 100
mmHg higher than the patient’s systolic blood
pressure. The surgical procedure was identical
to that of the low tourniquet group.

Postoperative treatment

Patient-controlled analgesia (PCA) was em-
ployed to all patients post-surgery, eliminating
the need for additional analgesics. Prophylac-
tic antibiotics were administered as a routine
practice within 24-48 hours after the opera-
tion. The drainage tube was removed after 24
hours, with the volume of drainage duly record-
ed. On the second day post-surgery, ankle flex-
ion and extension exercises were initiated,
gradually increasing the range based on indi-
vidual pain tolerance. Color-doppler ultraso-
unds of the lower limbs were performed to
detect potential deep vein thrombosis (DVT)
between the 3rd and 7th days post-operation.
Passive and active activities, encompassing
forward flexion, extension, adduction, and val-
gus movements, commenced two weeks post-
operation. Active exercise training was incre-
mentally intensified, guided by X-ray findings
and internal fixation status after one month.

296

Postoperative follow-up and observation indi-
cators

Operation time, tourniquet time and bleeding
volume: Operation time (including tourniquet
time) was documented. Evaluation was per-
formed regarding any significant bleeding in
the operative area and its impact on the proce-
dure. Intraoperative bleeding volume was cal-
culated by weighing gauze before and after
blood absorption. Postoperative bleeding vol-
ume was determined by recording the blood
collected by the gauze and drainage.

Fracture healing, ankle range of motion and
clinical function scores: X-rays or CT scans
were conducted at the 4-week, 12-week,
6-month, and 12-month intervals following the
operation to assess fracture healing. Mea-
surements were taken for ankle range of motion
and function scores. Function was assessed
using the American Orthopaedic Foot and Ankle
Score (AOFAS). The AOFAS score, which utilizes
a 0-100 scale, integrates five patient-reported
parameters relating to pain and function with
four physician-assessed criteria concerning
function and alignment.

Pain and complications: The Visual Analog
Scale (VAS), a validated subjective measure for
both acute and chronic pain, was employed.
Scores were recorded by marking a 10-cm line,
representing a continuum from “no pain” to
“worst pain”. VAS scores (ranging from O to 10)
were utilized to assess pain in the affected limb
within the initial two weeks post-surgery. Color-
doppler ultrasounds of the lower limbs were
conducted within one-week post-surgery to in-
vestigate the occurrence of DVT. Ecchymosis,
soft tissue masses, blisters, and skin ulcers at
the tourniquet compression site were observed
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Table 2. Comparison of operation time, tourniquet time, and blood loss between two groups

Low position tourniquet

High position tourniquet

Variable (n=20) (n=22) Statistic P value
Operation time (min, xts) 57.2+14.5 54.6116.5 -0.679 0.379
Tourniquet time (min, x+s) 50.2+14.5 47.6+£16.5 0.734 0.292
Intraoperative bleeding (g) 52.319.0 59.317.0 0.376 0.718
Postoperative bleeding (g) 102.5+15.2 106.9+19.4 0.205 0.714
Total bleeding (g) 102.5+15.2 106.9+19.4 0.205 0.714

Table 3. Comparison of hind foot mobility and AOFAS scores four weeks after operation between two

groups

Variable Low posi(tri]o=n2‘33)urniquet High pos(i:c;r;;?urniquet Statistic P value
Fracture healing time (W, x£s) 10.2+3.1 11.4+4.3 0.895 0.316
Ankle flexion (degree) 34.2+9.0 31.1+8.5 2.431 0.011*
Ankle dorsiflexion (degree) 30.4+7.2 27.4+6.7 2.253 0.037*
Motion of ankle (degree) 61.0+15.3 48.1+20.2 2.407 0.029*
AOFAS scores 72.1+11.8 64.26+15.9 2.576 0.016*
*P<0.05.

and recorded on the 1st and 7th days
post-operation.

Statistical analysis

The normal distribution of data was assessed
using the Kolmogorov-Smirnov test. Measure-
ment data conforming to a normal distribution
were expressed as means + standard devia-
tions and compared between groups using two-
tailed independent sample t-test. The frequen-
cy of nominal variables between groups was
determined using the chi-square test and
Fisher’s exact test. Statistical analysis was con-
ducted using SPSS 13.0 software, and signifi-
cance was considered when P<0.05.

Results
Operative conditions and fracture healing

The follow-up period for all patients ranged
from 4 to 22 months, with an average of 12.6
months. There were no significant differences
in operation duration, blood loss, and time
required for fracture healing between the two
groups (Table 2).

Clinical outcome
At four weeks postoperatively, the low-position
tourniquet group exhibited higher ankle flexion

(34.249.0) compared to the high-position tour-
niquet group (31.1+8.5). Furthermore, the low-
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position tourniquet group demonstrated great-
er ankle dorsiflexion (30.447.2) than the
high-position tourniquet group (27.4+6.7). The
range of motion in the ankle joint was signifi-
cantly greater in the low-position tourniquet
group (61.0+15.3) compared to the high-posi-
tion tourniquet group (48.1+20.2). Moreover,
the low-position tourniquet group (72.1+11.8)
exhibited higher motion in the ankle than the
high-position tourniquet group (64.26+15.9)
(Table 3). However, there was no significant dif-
ference in AOFAS scores twelve weeks post-
operation (Table 4). Although there was no sig-
nificant difference in limb pain before the
operation between the two groups, VAS scores
for the low-position tourniquet group (2.4+0.8)
were significantly lower than those for the high-
position tourniquet group (3.1+1.1) within two
weeks after surgery (Table 5).

Complications

In the high-position tourniquet group, one case
of DVT and two cases of soft tissue injuries
occurred in the thigh binding area. In contrast,
no related complications were observed in the
low-position tourniquet group (Table 6). A repre-
sentative case is depicted in Figure 1.

Discussion and conclusion

The calcaneus, as one of the tarsal bones, con-
stitutes a portion of the hindfoot. Despite its
infrequent occurrence, calcaneal fractures rep-
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Table 4. Comparison of hind foot mobility and AOFAS scores twelve weeks after operation between

two groups

Variable Low posi(tri:lr;go)urniquet High pos(i:zr;;c))urniquet Statistic Pvalue
Ankle flexion (degree) 37.0£8.1 34.5+6.5 0.261 0.751
Ankle dorsiflexion (degree) 38.2+4.6 37.615.7 1.845 0.177
Motion of ankle (degree) 72.6+1.9 71.6+8.1 0.825 0.379
AOFAS scores 87.4+1.9 85.8+2.4 1.710 0.124
Table 5. Comparison of postoperative limb pain (VAS Scores) between two groups

Variable Low posi(t;c;r;go)umiquet High pos(i:c;r;;(;umiquet Statistic Pvalue
Pre-operation 6.4+2.1 7.2+1.9 -0.675 0.486
1 day after operation 5.1+2.2 5.0£1.9 0.145 0.872
3 days after operation 4.842.0 45+2.1 -0.208 0.731
7 days after operation 2.8+1.4 3.1+1.2 -1.421 0.221
14 days after operation 2.4+0.8 3.1+1.1 -2.191 0.026*

*P<0.05.

Table 6. Comparison of tourniquet-related complications be-

tween two groups

inflation pressure required for
tourniquet application is signifi-

Low position High position

cantly reduced due to the limited

Variable tourniquet  tourniquet  Statistic P value soft tissue and superficial blood

(n=20) (n=22) vessels. Consequently, the isch-
Skin ecchymosis 0 1 1.023 0.312 emic area induced by low-posi-
Soft tissue mass 0 1 1.023  0.312 tion tourniquets is substantially
Skin blisters 0 0 / / reduced, effectively minimizing
SKin ulcer 0 0 / / the risk of ischemia-reperfusion
DVT 0 1 1023 0312 injuries. Furthermore, low-posi-
Total 0 3 3220 0073 tion tourniquets are personally

resent the majority of tarsal fractures. Su-
ccessful surgical treatment and the mitigation
of postoperative pain and complications are
undeniably crucial components of ERAS. Pre-
sently, proximal thigh tourniquets are widely
utilized in calcaneal fracture surgery to en-
sure optimal visibility during the procedure and
enhance surgical comfort. Simultaneously, the
utilization of these tourniquets results in a sub-
stantial reduction in the incidence of damage
to small vessels and nerves, such as the small
saphenous vein and the sural nerve. However,
associated complications hinder postoperative
rehabilitation, including exacerbated postoper-
ative pain, an increased risk of DVT, and soft
tissue injuries [9].

Unique characters of Low position tourniquet

Low-position tourniquets are positioned app-
roximately 10 cm above the ankle, where the
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applied to the thigh, thereby
reducing the interval between
tourniquet activation and the commencement
of surgery.

In this study, no significant differences were
observed in surgical field quality, operation
duration, bleeding volume, or time required for
fracture healing between the two groups. While
there was no overall difference in AOFAS
scores, the scores of the low-position tourni-
quet group exceeded those of the high-position
tourniquet group within the initial 4 weeks post-
surgery, indicating the former’s advantages.
Additionally, VAS scores for the low-position
tourniquet group were significantly lower than
those for the high-position tourniquet group
within the first two weeks following surgery,
underscoring the benefits of employing low-
position tourniquets in facilitating ERAS. A si-
milar study investigating the use of tourniquets
in knee joint replacement surgery found that it
promoted early rehabilitation of knee joint func-
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tion [10]. Regarding complications, although
any tourniquet may theoretically entail risks,
the related complications in the traditional
high-position tourniquet group were notably
higher than those in the low-position tourniquet
group in this study.

Analysis of superiority of the low position tour-
niquet group

Conventional low-position tourniquets can lead
to venous stasis and ischemia by exerting pres-
sure on local tissues [11-13]. This elevates the
risk of venous thromboembolism, neurovascu-
lar damage, and wound complications such as
infections [4, 14-16]. Additionally, low-position
tourniquets have been associated with the
induction of pain during and after surgery,
necessitating deeper levels of anesthesia and
higher doses of analgesics [17]. High levels of
post-operative pain can impede early rehabili-
tation efforts and prolong hospital stays [18].

This study adopted a novel approach aimed at
minimizing the adverse effects of tourniquets
on normal tissues, departing from traditional
thinking. The comprehensive analysis of VAS
scores yielded the following insights. Firstly,
tourniquet pressure and tissue ischemia were
significantly reduced, thereby minimizing com-
pression on the skin, quadriceps, sciatic nerve,
and muscle necrosis. Secondly, the levels of
hypoxic harmful substances and myoglobin in
the blood were effectively reduced, mitigating
the risk of ischemia-reperfusion injury [19].

The low-position tourniquet group exhibited
superior ankle motion and AOFAS scores com-
pared to the high-position tourniquet group four
weeks after surgery. Postoperative pain in the
affected limb was alleviated, enabling patients
to engage in early passive or active functional
exercises. This created favorable conditions for
early functional recovery and ERAS, conse-
quently enhancing early ankle range of motion
and functional scores.

Regarding soft tissue complications, the low-
position tourniquet group did not experience
skin congestion or caking. Moreover, there
were fewer muscles in the region where the
tourniquet was applied at the lower position.
The superficial placement of the anterior tibial
artery and vein significantly reduced tourniquet
inflation pressure, thereby effectively minimiz-
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ing tissue damage. Additionally, most cases of
DVT occur in the long tubular veins of the lower
limbs, rather than the short veins located far-
ther from the ankle. Consequently, the low-
position tourniquet did not directly affect the
proximal part. The lower tourniquet pressure
reduced vascular damage, which also played a
pivotal role in decreasing the incidence of DVT.

Precautions and prospects

In conclusion, the utilization of tourniquets,
whether in a low or high position, satisfies the
surgical field requirements in ankle fracture
surgery, enabling clinicians to perform opera-
tions smoothly under safe conditions. Although
the low-position tourniquet may offer superior
performance, most clinicians still opt for high-
position tourniquets in current clinical practice.
This preference is primarily attributed to the
convenience of high-position tourniquet appli-
cation and a lack of focus on minimizing compli-
cations among clinicians. It is conceivable that
as the concept of ERAS continues to gain trac-
tion and societal expectations increase, the
adoption of low-position tourniquets may be-
come more widespread. However, our choice of
tourniquet pressure settings at 1.5 times sys-
tolic pressure and a maximum holding time of
1.5 hours is based on limited existing litera-
ture in this field. Additionally, small sample
sizes and short-term follow-up periods con-
strain the scope of this research. Further stud-
ies are warranted to explore tourniquet use
more comprehensively in the future.
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