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Abstract

Background This study aims to systematically compare the efficacy of two distinct approaches that is limb occlusion pressure
(LOP) and systolic blood pressure (SBP) in determining the optimal tourniquet pressure for primary total knee arthroplasty.
The overarching goal is to identify the method that yields superior outcomes in minimizing post-operative thigh pain while
simultaneously reducing complications in our patient population.

Methods 311 patients scheduled for primary total knee replacement (TKR) were randomized in two groups. Group A (LOP)
had 154 patients and group B had 157 patients. In group A, LOP was determined for all patients. After adding the safety
margin, the tourniquet pressure was determined which was kept during the procedure. By adding 150 mm Hg to SBP in
group B, the tourniquet inflation pressure was ascertained. Postoperatively, thigh pain was evaluated from day 1 to day 3
and at 6 weeks.

Results The average tourniquet pressure in group A patients having thigh circumference between 40 and 50 cm was
223.8 mm+ — 19.8 mm Hg and in group B it was 262.1 +— 15.9 mm Hg (P <.01). Patients having thigh circumference
between 51 and 60 cm had average tourniquet pressure of 240.07 + — 20.1 mm Hg in group A and 264.5+ — 17.4 mm Hg in
group B (P <.01). The average tourniquet pressure for patients with thigh circumference more than 60 cm was 2964/15.3 mm
Hg in group A and 267.3+/19.2 mm Hg in group B (P <0.01).

Conclusion Tourniquet pressure determination based on the limb occlusion pressure (LOP) method provide less postopera-
tive thigh pain and better range of motion.
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Graphical Abstract
Optimizing Tourniquet Pressure in Primary Total Knee Replacement: Limb Occlusion Pressure vs Systolic blood pressure

method to minimize thigh pain.
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Tourniquet pressure determination using Limb Occlusion Pressure
(LOP) method demonstrates superior outcome in minimizing post-
operative thigh pain across varying thigh circumferences
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Abbreviations

TKA  Total knee arthroplasty
LOP Limb occlusion pressure
SBP  Systolic blood pressure
ROM Range of motion
Introduction

Total knee arthroplasty (TKA) is one of the most often done
orthopaedic procedures that seeks to reduce pain, rectify
deformity, and enhance quality of life in patients with degen-
erative joint disease [1]. In the initial post-operative phase
following TKA, development of thigh pain post tourniquet
administration is still a prevalent complaint [2]. The ortho-
paedic literature has not yet determined the ideal method of
tourniquet inflation pressure determination and its optimal
duration of application. [1]. According to the current con-
sensus, the tourniquet should be applied with a minimum
possible pressure and time which provides a bloodless sur-
gical field [2] yet, a standardized approach for determining
the optimal inflation pressure remains elusive. For estab-
lishing the tourniquet inflation pressure in practice, ortho-
paedic surgeons consider several variables including age,
body mass index (BMI), extremity girth and systolic blood
pressure (SBP) [1]. When doing TKA, some surgeons arbi-
trary choose 280/300 mm Hg or SBP + (100-150) mm Hg
as the tourniquet inflation pressure [3]. The limb occlusion
pressure (LOP) represents the minimal tourniquet pressure
necessary to halt arterial blood flow beyond the cuff. Its
determination involves either manual or automated meth-
ods, achieved through gradual cuff inflation until pulse ces-
sation, facilitated by diagnostic tools like pulse oximeters
or Doppler flowmeters. In addition to the thigh pain that
has been documented in the literature, other side effects
of tourniquet use in TKA include skin ecchymosis, blebs,
quadriceps weakness, decreased knee ROM, infection and
venous thromboembolism (VTE) [4]. Most of these issues
are pressure and time related and they can jeopardize TKA
patients’ ability to recover and achieve their goals [5].
Tailoring tourniquet pressure according to limb occlusion
pressure (LOP) enables a personalized approach for each
patient, proving effective in optimizing cuff pressures and
contributing to enhanced tourniquet management. In many
studies [6, 7], the total knee arthroplasty performed without
the use of a tourniquet and has produced results that are
comparable to those achieved with the tourniquet. Although
the use of a tourniquet during TKA is still debatable and has
mixed effects, orthopaedic surgeons routinely employ it in
their practices [8]. Furthermore, extra high-quality research

is required, particularly among Indian populations to find
out the ideal method of tourniquet pressure determination.

The primary aim of this study was to determine whether
the limb occlusion pressure (LOP) method for determin-
ing optimal tourniquet pressure reduces the cuff pressure
during TKA and if this results in less post-operative thigh
pain when compared to the SBP method. The secondary aim
was to determine whether these two techniques of calculat-
ing tourniquet pressure differed in terms of knee range of
motion, the quality of the bloodless field, blood loss and
wound complications.

Materials and Methods

From November 2021 to June 2022, this prospective rand-
omized controlled trial was conducted. All patients sched-
uled for primary TKA with the pneumatic tourniquet under
spinal anaesthesia/combined spinal epidural anaesthesia
gave their informed written consent after our institutional
ethical board granted its clearance. In this study, patients
who received TKA had degenerative knee conditions caused
to primary osteoarthritis and rheumatoid arthritis were
included. Patients who had extra articular deformities requir-
ing specialized methods and implants, post-traumatic arthri-
tis, a history of bleeding disorders, evidence of DVT/VTE
and conditions that made tourniquet use contraindicated
(peripheral vascular disease, peripheral neuropathy) were
excluded from this study. Patients with excessive intraopera-
tive blood pressure changes that resulted in bleeding in the
surgical field and patients who were lost to follow-up were
also excluded. The age, gender, BMI, preoperative haemo-
globin level (Hb) and thigh circumference (15 cm from the
superior pole of the patella with the knee extended) meas-
ured using the tape method were recorded. By computer-
based randomization, patients were split into two groups.
After skin drapes being set up, the senior surgeon lifted the
lower limb at 45 degrees and maintained for 30 s, followed
by inflation of the pneumatic tourniquet. No exsanguina-
tion done for any patient. The tourniquet inflation pressure
in group A (LOP) was calculated by estimating the limb
occlusion pressure. To measure LOP, a tourniquet cuff with
its distal edge 15 cm from the proximal pole of the patella
was wrapped around the thigh. The cuff was slowly inflated,
and distal pulses (dorsalis pedis artery) were palpated. The
pressure at which distal pulses ceased to exist was noted.
The tourniquet cuff was inflated to the prescribed pressure
in accordance with the Association of Perioperative Regis-
tered Nurses’ recommendations, which state that for adult
patients, a safety margin of 40 mm Hg should be used if the
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LOP is less than 130 mm Hg, 60 mm Hg should be used for
LOPs between 131 mm Hg and 190 mm Hg and 80 mm Hg
should be used for LOPs above 190 mm Hg. In group B, the
tourniquet pressure was based on SBP just before giving the
skin incision. In this group SBP was added with 150 mm Hg,
making our tourniquet cuff inflation pressure. All patients
received tablet Pregabalin 75 mg and tablet Acetaminophen
650 mg stat dose a night before surgery. A bolus dose of
preoperative antibiotic, Cefuroxime 1.5 g was given to all
patients 1 h before tourniquet inflation. One layer of cot-
ton padding was then stretched around the proximal thigh,
15 cm proximal to the superior pole of patella following SA/
CSEA. For all patients with thighs smaller than 60 cm in
circumference, a straight tourniquet measuring 15 cm wide
by 61 cm long was employed. For patients having thigh cir-
cumference more than 60 cm, the tourniquet of length 81 cm
and width 15 cm was used. The tourniquet cuff, source and
tubing were checked in all patients before application. We
used VBM Medizintechnik GmbH digital tourniquet sys-
tem in all patients. After painting and draping, tourniquet
was inflated based on LOP or SBP method depending upon
the allotted group. The same surgical technique and implant
(PFC sigma, Depuy) were used throughout all surgeries per-
formed by a single skilled surgeon. After cement polymeri-
zation, the tourniquet was released, and the duration of the
tourniquet was recorded. Haemostasis was established and
the wound was then closed with an extraarticular drain. The
Surgical field quality was rated by the operating surgeon
as either blood mixed or clear after the procedure. In the
recovery room, all patients received CPM up to 60 degrees
which was raised to 90 degrees on day 1. The same postop-
erative pain relief treatment was given to all patients. The
adductor canal block was given to all patients just after com-
pletion of surgery. In the postoperative ward, patient was
given injection acetaminophen 6 hourly for first 24 h. Tablet
Paracetamol 650 mg thrice a day and Aceclofenac 100 mg
twice daily was given to all patients during the hospital stay
till discharge. Patients were mobilized full weight bearing
walk with walker along with knee ROM and quadriceps
exercise, after 24 h of surgery. All patients received tab-
let Aspirin 150 mg for DVT prevention [26]. Mechanical
DVT prophylaxis was given to both groups in the form of

intermittent pneumatic compression device (IPCD). Thigh
pain was evaluated with the rest pain scale of the hospital
for special surgery knee score (no pain, mild pain, moderate
pain, severe pain). The pain scale was applied on day 1 to
day 3 after surgery. Knee ROM, postoperative haemoglobin
level, wound complication, need of blood transfusion were
evaluated in all patients. If the postoperative period went
uneventful, patients were discharged from the hospital after
3 days. Knee ROM and thigh pain were again evaluated at
the initial follow-up appointment at 6 weeks.

Statistical Analysis

Categorical variables were presented in numbers and
percentage and continuous variable were presented as
mean + SD. Quantitative variables were compared using
Student’s t test and chi square test was used for categorical
data. A P value of <0.05 was considered statistically signifi-
cant. The data were entered in MS EXCEL spreadsheet, and
the analysis was done using Statistical Package for Social
Science (SPSS) version 25.0.

Results
Demographics

315 patients in all were enrolled in the study. Owing to
intraoperative breakthrough bleeding and tourniquet fail-
ure, four patients had to be excluded. Therefore, using
computer-based randomization, the remaining 311 patients
were split into two groups, with 154 patients in group A
and 157 patients in group B. The baseline demographic
and clinical characteristics were not statistically differ-
ent between the two groups, except for body mass index
(BMI) (P=0.01) and SBP (P=0.0001) which was an inci-
dental finding [Table 1]. Both groups’ average ages were
62.34+ — 5.04 years and 63.4 + — 8.02 years, respectively
(P=0.24). 22 patients (14.2%) were males, and 132 patients
(85.7%) were females out of 154 patients in group A. Out
of the 157 patients in group B, 35 patients (22.2%) were

Table 1 Patient Demographics
and Clinical Parameters

Demographics Group A (LOP) Group B P value
(SBP+ 150mm Hg)

Age (mean+-SD) 62.3+—-5.04 63.4+—8.02 0.24
Gender (male/female) 22/132 35/122 0.06
BMI (Mean +-SD) Kg/m? 30.5+-5.7 29.08+—-5.3 0.01
Thigh circumference (mean) cm 52.1+-17.03 51.3+-6.7 0.27
SBP (mean+-SD) mm Hg 107.4+—-13.2 118+—-20.0 0.001
Tourniquet time (mean +-SD) minutes 45.1+-8.5 46.3+— 8.1 0.19
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men, and 122 patients (77.7%) were women. The average
BMI in group A was 30.5+ — 5.7 kg/m? and in group B was
29.08+—-5.3 kg/m2 (P=0.01). The mean thigh circumfer-
ence was 52.14+— 7.03 cm in group A and 51.34+— 6.7 cm
in group B (P=0.27). Average SBP in group A was
107.4+— 13.2 mm Hg and in group B was 118 +— 20.0 mm
Hg (P=0.0001). The mean duration of tourniquet applica-
tion was 45.1 +— 8.5 min in group A and 46.3 4+ — 8.1 min
in group B (P=0.19).

Primary Outcome

Patients having thigh circumference of 40-50 cm had mean
tourniquet pressure of 223.8+ — 19.8 mm Hg in group
A and 262.14+— 15.9 mm Hg in group B (P=0.0001)
[Table 2]. Talking about thigh pain, 76.4% patients in
group A of the above-mentioned thigh girth had “no to
mild” intensity of pain while 51.6% patients in group B
had “moderate to severe” grade of thigh pain. Likewise, the
patients having thigh circumference of 51-60 cm had mean

tourniquet pressure of 240.07 +— 20.1 mm Hg in group A
and 264.5+ — 17.4 mm Hg in group B (P=0.0001). In these
patients, 72.05% had “no to mild” grade pain in group A
and 53.3% had “mild to moderate” grade pain in group B.
Similarly, Patients having thigh circumference > 60 cm had
average tourniquet pressure of 296+ — 15.3 mm Hg in group
A and 267.3+— 19.2 mm Hg in group B (P=0.0001). Their
intensity of pain was “no to mild” grade in both group A
(75%) and group B (62.5%). The above findings implies that
the mean tourniquet pressure was less in group A patients
leading to negligible thigh pain. However, the above state-
ment was found contradictory in patients having thigh
girth > 60 cm, still the intensity of pain did not change sug-
gesting that LOP method of tourniquet pressure determina-
tion is more reliable.

Secondary Outcome

The mean knee flexion on day 3 post TKA was 82.3 degree
in group A and 79.4 degree in group B (P=0.02) [Table 3].

Table 2 Correlation between tourniquet pressure and thigh pain in patients with different thigh circumference

Thigh circum- Tq. Pressure Thigh pain (no, mild, moder- Tq. Pressure Thigh pain, (no, mild, moder- P value
ference (cm) (mean+-SD) mm Hg, ate, severe) %, group A (mean+-SD) mm Hg, ate, severe) %, group B
group A group B
40-50 223.84+—-19.8 No-mild: 76.4% 262.14+—-15.9 Moderate-severe: 51.6% 0.0001
51-60 240.07+ - 20.1 No-mild: 72.05% 264.5+—-174 Mild-moderate: 53.3% 0.0001
>60 296+—-15.3 No-mild: 75% 267.3+—-19.2 No-mild: 62.5% 0.0001
Tg. tourniquet, SD standard deviation
Table 3 . Postoperative Characteristics Group A (LOP) Group B P value
Evaluation (?f knee RQM, (SBP+ 150 mm
Haemoglqu lev§l, thigh . Hg)
ecchymosis, quality of surgical
field and need f)f Tourniquet Mean ROM (flexion/extensor lag)0
pressure elevation At discharge 82.3/18.02 79.4/20.1 0.02/0.0006
At 6 weeks 104.94/1.07 104.7/2.01 0.34/0.21
Haemoglobin level(g/dl), mean
Pre-operative 11.6 11.9 0.06
Post-operative 10.4 10.5 0.5
Blood transfusion (number of cases) 10 11 0.8
Wound complications (number of cases)
At discharge None None
At 6 weeks None None
Bloody surgical field (number of cases) 5 12 0.08
Thigh Ecchymosis (number of cases) 0.3
At discharge 4 7
At 6 weeks 0
Need of elevation of pressure (number of cases) 5 6 0.7
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On day 3 following TKA, the average extensor lag was 18.0
degree in group A and 20.1 degree in group B (P =0.0006).
At six weeks, the average knee flexion in groups A and B
patients was 104.9 and 104.7 degrees (P =0.34) while, the
average extensor lag was 1.07 and 2.01 degrees respectively
(P=0.21). The above findings indicate that LOP method
cause less damage to the knee extensor mechanism lead-
ing to better ROM in these patients in the immediate post-
operative period but at 6 weeks, the above disparity was not
noticeable. The mean preoperative haemoglobin (Hb) levels
in groups A and B were 11.6 g/dl and 11.9 g/dl respectively
(p=0.06). The average postoperative Hb level was 10.4 g/dl
in group A and 10.5 g/dl in group B (P =0.5) suggesting no
difference in blood loss in both tourniquet pressure determi-
nation methods during the procedure. Following TKA, blood
transfusions were needed for 10 patients in group A and 11
patients in group B (P=0.8). Four patients in group A and
seven patients in group B (P =0.3) had thigh ecchymosis.
5 patients in group A and 12 patients in group B (P=0.08)
had unclear (bloody) surgical fields. Five patients in group
A and six in group B (P=0.7) required elevation in the
pre-determined tourniquet pressure which was ascertained
before commencing the surgery.

Discussion

The use of tourniquet during elective TKA is still debated in
Orthopaedic literature [8] yet it is commonly used to provide
bloodless operative field, decrease surgical error, reduced
operative time and better visualization of anatomic structure
[2]. Some authors have demonstrated that its use in limb
procedures has had no appreciable negative effects [9, 10].
Regarding the impact of a tourniquet on perioperative blood
loss, post-TKA functional result, and postoperative pain,
there are still differences in opinion [8]. Tourniquet use,
however, has been linked to both local and systemic issues
[11]. Clinical and experimental research have demonstrated
a clear relationship [12—14] between the amount and dura-
tion of tourniquet pressure and the severity of neuromuscular
damage following TKA. A similar correlation exists for the
total duration of the tourniquet application [5]. As a goal, the
tourniquet should be applied at the lowest pressure and least
time possible [15]. Although, the modern tourniquet and
advances of tourniquet technology has resulted in the use of
lower tourniquet inflation pressure yet there is still lack of
standard consensus regarding minimal effective tourniquet
pressure [16]. Most of the surgeons routinely apply fixed
tourniquet pressure of 250-300 mm Hg or add fixed amount
of pressure above SBP (100-150 mm Hg) in elective TKA
and consider these pressures as safe neglecting the adverse
effect associated with these high tourniquet pressure [17].
In our study, we have compared LOP method of tourniquet
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pressure determination with (SBP + 150 mm Hg) method.
The most important factors affecting tourniquet pressure
include thigh circumference and SBP of the patient [18].
We found reduced cuff pressure in LOP method of tourni-
quet pressure determination having direct correlation with
thigh circumference. Olivecrona et al. [19] in their study
demonstrated that LOP method reduces tourniquet cuff pres-
sure but no difference was found in the postoperative pain
between LOP and their control group. However, this can be
due to low cuff pressure (mean 252 mm Hg) in their con-
trol group. In our study, the severity of thigh pain was less
in LOP group when compared with (SBP+ 150 mm Hg)
group. This could be due to less tourniquet inflation pres-
sure in the LOP group. Excessive tourniquet pressure causes
axonal compression syndrome leading to delayed recovery
of nerves and muscles under the tourniquet cuff [20]. Other
authors believe that postoperative pain could be related to
neuromuscular damage beneath the tourniquet along with
compromised blood supply to the nerve fibres, muscles and
skin [21]. Smaller thigh circumference increases postopera-
tive thigh pain risk [2]. In our study, this was more evident
in group B patients. Hong Yi et al. [2] in their study believe
that applying excessive pressure causes local tissue compres-
sion which includes axial stretching force and local com-
pressive force. Patients having smaller thigh circumference
have less soft tissue covering and thus less neuromuscular
protection from compression. Our study supported this infer-
ence. Worland et al. [5] compared high tourniquet pressure
(350 mm Hg) with low tourniquet pressure (mean- 230 mm
Hg). They found more thigh pain in high pressure group on
day 1-3 but no difference was found at 6 weeks. In our study
also, we got similar results. Thigh pain was more in group
B patients initially but at 6 weeks, there was no difference.
Bruner [22] noted that tourniquet time close to 60 min, some
individuals showed significant adverse effect. Sherman et al.
[23] have shown that risk of complication increases with
tourniquet time longer than 40-60 min. However, we did not
find any significant correlation between tourniquet time and
thigh pain. This might be attributed to the fact that the mean
tourniquet time was short in our study in both the groups.

There are conflicting reports regarding the use of tourni-
quet and postoperative knee ROM [24]. Pinsornsak P et al.
[1] in their study showed no direct correlation of different
tourniquet pressure and knee ROM. Our study showed that
different tourniquet pressure affects knee ROM in the imme-
diate postoperative period but not at 6 weeks. This might be
because of thigh pain limiting quadriceps function leading
to decreased ROM.

Our study found no difference in the preoperative and
postoperative haemoglobin level between the two groups.
We also found no difference in the need of blood trans-
fusion between two groups. This was consistent with the
study of Kim et al. [3]. There was no wound complication
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and infection in our study in both the groups which was
contradictory from the study done by Clarke et al. [25] and
Olivecrona et al. [19]. we only found thigh ecchymosis in
few patients which was insignificant in both the groups. This
might be attributed to the commencement of blood thin-
ner from first postoperative day (POD1). We found statisti-
cally insignificant difference in the picture of surgical field
between both the groups. Patients in group B, especially hav-
ing thigh girth > 60 cm, had surgical field full of blood. This
might be due to less tourniquet inflation pressure determined
from SBP causing inadequate thigh compression. We found
no difference regarding the need of elevation of tourniquet
pressure in both the groups in our study. This might be due
to addition of safety margin in group A and 150 mm Hg to
SBP in group B considering hemodynamic fluctuation dur-
ing surgery.

The two important variables that leads to failure in
haemostasis using lower tourniquet pressure are thigh cir-
cumference and vessel compliance [5]. Worland et al. [5]
found that in patients with adequate vascular function and
thigh circumference between 46 and 76 cm, it is possible to
get bloodless operative field with a tourniquet pressure of
100 mm Hg plus SBP. In our study, we found breakthrough
bleeding and bloody surgical field when tourniquet pres-
sure was determined by adding 100 mm Hg to the SBP.
Therefore, we added 150 mm Hg to SBP in all patients of
our study. Our study showed that SBP + 150 mm Hg gives
optimum tourniquet pressure in patients having thigh cir-
cumference up-to 60 cm but with moderate to severe thigh
pain. We believe that in patients with larger thigh girth, it is
better to determine tourniquet pressure by Limb Occlusion
Pressure (LOP) method.

The strength of this study is that it was a randomized
controlled trial of a large number of study population with
few exclusion criteria. Our study has certain limitations.
First, pain is a subjective complaint and there are chances
of intra-observer error even when the thigh pain is measured
by a single technician. Second, due to the proximity of thigh
pain and surgical site pain, it was difficult to differentiate
between the two and they may have caused overestimation of
thigh pain. Third, the evaluation of bloodless surgical field is
subjective. Finally, our study has a smaller number of study
population having thigh circumference > 60 cm. Therefore,
further research is required to investigate the most effective
method of tourniquet pressure determination especially in
population having thigh circumference > 60 cm.

Conclusion

In primary TKR, limb occlusion pressure (LOP) method
of tourniquet pressure determination provide optimal pres-
sure with less post-operative thigh pain when compared

with systolic blood pressure (SBP) method with better knee
range of motion (ROM). The procedure time, wound com-
plications, blood loss, and requirement for blood transfusion
were unaffected by the LOP or SBP methods. Hence, we
recommend limb occlusion pressure as a tourniquet pressure
determination method for primary total knee arthroplasty.
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