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Abstract
Introduction  It is still unknown whether the creation of blood-free surfaces by the use of tourniquet during total knee 
arthroplasty (TKA) has an influence on cement penetration and on implant fixation. The aim of this study is to evaluate the 
cement mantle under tibial component and the occurrence of progressive radiolucent lines (RLLs) according to the use of 
tourniquet in primary TKA.
Materials and methods  Fifty patients undergone TKA without the use of tourniquet (group 1) were well matched regarding 
baseline characteristics with 50 TKAs with the use of tourniquet (group 2). Patients were followed up prospectively. Cement 
mantle thickness was measured using immediate postoperative X-rays, and the occurrence of progressive radiolucency was 
finally evaluated in 3-year follow-up. New Knee Society Score (KSS) was used to compare clinical outcome between groups.
Results  Mean cement mantle thickness was 9.27 ± 1.86 mm in group 1 versus 10.49 ± 2.31 mm in group 2 (p = 0.005). Mean 
cumulated width of RLLs in anterioposterior (AP) view was 7.74 ± 6.68 mm in group 1 versus 3.48 ± 4.69 mm in group 2 
(p < 0.001). The percentage of RLLs in AP view was related to the cumulated cement mantle thickness in the same view 
(r = − 0.218, p < 0.05). There was no significant difference between groups at the final follow-up in terms of ROM and new 
KSS.
Conclusion  Our results suggest that the use of tourniquet increased the cement mantle thickness under tibial implant and 
had an influence on the occurrence of RLLs in cement–bone interface, which is related to implant survivorship, with this 
implant design.
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Introduction

Long-term mechanical fixation of the implants is essential 
for a successful total knee arthroplasty (TKA). Cement man-
tle of 3–5 mm between tibial implant and trabecular bone of 
the tibia is described as optimum to avoid peripheral osteoly-
sis that is associated with loosening [1]. There are many fac-
tors that can affect penetration of the bone cement. Specific 
bone preparation [2], use of cement gun or hand packing 

[3–5] and time of application of cement after mixing [6, 7] 
are some of them.

Despite all of these modern cementing techniques, aseptic 
loosening is still the most common indication for revision 
surgery [8–15]. It is commonly accepted that the etiology 
of loosening is multifactorial [16]. One of the factors that 
can easily affect the cementation during TKA is the use of 
tourniquet during surgery [17]. Firstly, the application of 
tourniquet offers better visualization due to bloodless field, 
which would facilitate cementing quality [18], and secondly 
there is some evidence that the creation of blood-free and 
dry surfaces may have an influence on cement penetration 
[17]. However, it is still unknown whether this influence on 
cement mantle thickness affects implant stability.

In addition, cementing technique and preparation of the 
bone have an influence on the occurrence of radiolucency 
in cement–bone interval during immediate postoperative 
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period. [7, 19–23]. Although these radiolucent lines (RLLs) 
have shown that they have no correlation with clinical out-
come [21], neither with the revision rate [22, 23], there are 
also progressive RLLs, which are commonly associated with 
early failure [20].

The aim of this study is to examine (1) whether the use of 
tourniquet during total knee arthroplasty has an influence on 
cement mantle under tibial prosthesis and (2) whether this 
phenomenon is related to implant stability, evaluating the 
progressive radiolucency in 3–year follow-up.

Materials and methods

Study design and participants

This is a retrospective comparative clinical study based on 
prospectively collected data. The study was approved by the 
Ethics Committee at our institution (ID number: 80/27-01-
2017), and written informed consent was obtained from all 
participants.

We reviewed our department registry of patients under-
gone primary total knee arthroplasty (TKA) for end-
stage osteoarthritis between January 2014 and December 
2014. Our joint registry is prospectively collected data of 
all patients who undergo joint replacement surgery. The 
new Knee Society Scoring System (KSS) [24] and Kell-
gren–Lawrence’s radiographic grading system [25] are 
administrated during clinical evaluation preoperatively and 
during follow-up.

One hundred fifty-six primary TKAs in 149 patients from 
the same surgical team (authors C.M and A.C), using the 
same implant (MultigGen Plus CR, Lima Corporate, IT) 
have been found. Data concerning patients’ demograph-
ics, perioperative, postoperative and regular follow-up 
details were collected from patient’s records. In 64 TKAs, 
tourniquet has not been used during surgery, mainly due 
to vascular concerns. Six patients were excluded because 
they received anticoagulation prior to surgery, two cases 
because of the use of metaphysical stems and two patients 
because of thromboembolic history. Two patients were lost 
to follow-up. One patient declined participation, and in one 
patient’s immediate postoperative X-ray, there was a radio-
lucent line in zone 1 in anterioposterior view, suggesting bad 
poor cementation technique, and so he was excluded from 
the study, as well.

Finally, a group of 50 patients has been formed (group 1), 
without the use of tourniquet. All patients from group 1 were 
well matched, one by one case, for baseline characteristics 
[sex, age, body mass index (BMI), stage of osteoarthritis] 
with 50 patients (group 2) who underwent TKA with the use 
of tourniquet, during the same period, by the same surgeons. 
For instance, if there was a 62-year-old female patient, with 

32 kg/m2 BMI and Kellgren stage 3 osteoarthritis in the non-
tourniquet group, there should be a female patient, 62 ± 1 SD 
years old, with 32 kb/m2 ± 1 SD and Kellgren stage 3 osteo-
arthritis in the second group, from our database. If there was 
more than one patient with the same characteristics in our 
registry, a patient has been chosen randomly, using a com-
puter-based randomization process. In the case that there 
were not any cases matching the demographic characteris-
tics, our criteria were widened to ± 2 SD for age and BMI.

All patients’ were evaluated for progressive radiolucency 
during common follow-up with the final point at 3 years 
postoperatively with KSS and knee radiographs.

Surgical technique

All participants received a hybrid cruciate-retaining TKA 
(MultiGen Plus CR, Lima Corporate, IT) with fixed bearing 
design, without patella resurfacing. A total amount of 20 g 
of bone–cement with 250 mg gentamicin (Palacos R+G®, 
Heraeus, Hanau, Germany) was used with fourth-generation 
technique (pulsatile lavage, vacuum mixture of the cement, 
cement gun pressurization) on the trabecular bone of the 
tibia, only on the surface and not to the stem to fix the tibial 
component and was pressed for 12 min always with the same 
pressure, by keeping the knee in full extension with a trail 
polyethylene, which was the smallest size available, that was 
allowing full range of motion and was keeping the knee bal-
anced in coronal plane. In cases that tourniquet has been 
used, a pneumatic tourniquet was applied prior to surgery at 
the thigh and was inflated at 350 mmHg pressure before skin 
incision and after the use of Esmarch bandage for exsan-
guination of the leg, until skin closure. Intramedullary align-
ment of the tibial implant was used in all cases. One gram 
of tranexamic acid was administered intravenously prior to 
surgery, before application of tourniquet. Two intra-articular 
drainages were applied in every case, which were removed 
after 24 h. All patients received the same pain management 
medication and the same physiotherapeutic protocol until 
discharge.

Radiological evaluation

On second postoperative day, supine anterior–posterior (AP) 
and lateral (Lat) view X-rays were performed under fluoro-
scopic positioning, in order to place the X-ray beam parallel 
to the surface of the tibial component. Two authors–evalua-
tors, blinded to the use of tourniquet, evaluated each X-ray 
to measure the cement mantle thickness under the tibial 
component, using the institute’s digital Picture Archiving 
and Communication System (AGFA Impax Client, AGFA 
Healthcare, Mortsel, Belgium). Measurements were per-
formed twice, with a week interval in order to evaluate the 
intraobserver’s reliability. Measurements were performed 
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on six zones according to Knee Society Roentgenographic 
Evaluation System (KSRES) [26], as described by Kopec 
et al. [4] (Fig. 1). Data were calibrated to the true height 
of the tibial tray that was 6.3 mm. Because of the random 
distribution of bone cement that is affected from local bone 
architecture, measurements were cumulated and the sum-
mary was compared between groups.

At 3-year follow-up, the same protocol has been used 
in order to measure progressive radiolucent lines (RLLs) 
between cement and bone, which were found during previ-
ous follow-up (3-month, 6-month, 1-year, 2-year). Meas-
urements were also performed by the same two authors, in 
seven AP zones and three Lat zones according to KSRES. 
Cumulated measurements in each view were used in sta-
tistical analysis. Because of the reported poor reliability 
of KSRES in evaluation of radiolucent lines [27, 28], we 
also used a suggested simplified system of percentage of 
radiolucency at the tibial bone–cement interface [29] in our 
analysis.

Statistical analysis

Based on results of the cumulative mantle thickness under 
the tibial implant in both groups, for 50 cases in each group 
and type I error alpha = 0.05, the post hoc statistical power 
was calculated as 82.9%. In addition, based on the percent-
age of radiolucency in anteroposterior view, post hoc statis-
tical power was 96.1%, while it was only 46% based on the 
lateral view. All power analysis results were calculated using 
a statistical power calculator [30].

Kolmogorov–Smirnov normality test was used and 
found that data were normally distributed and presented as 
means and standard deviations. Intraobserver reliability and 
interobserver reliability were tested by calculation of inter-
class correlation coefficients (ICC). Parametric tests were 
used to compare cement mantle thickness, RLLs and % of 
radiolucency between groups and to correlate the cement 
mantle thickness with the total summary of RLLs and % of 

radiolucency under tibial implant. Statistical program was 
used (SPSS®, ver18; IBM Corp; Somers, NY, USA).

Results

Study sample includes 16 men and 84 women, with mean 
age of 70.33 ± 6.71 years (range 52–84). Groups were com-
parable with regard to age, gender, body mass index, stage 
of osteoarthritis, total range of motion and all subcategories 
of new Knee Society Score (Table 1).

The correlation coefficient for intraobserver reliabil-
ity was 0.95 [95% confidence interval (CI) 0.90–0.96] 
and 0.96 (95% CI 0.90–0.97) for each observer, respec-
tively. The correlation of interobserver reliability was 0.92 
(95% CI 0.88–0.97). The cumulated cement mantle thick-
ness was 10.49 ± 2.31 mm for the tourniquet group and 
9.27 ± 1.86 mm for the nontourniquet group (p = 0.005) 
(Fig. 2).

There were no failure/revisions in either group, until final 
3-year follow-up.

Clinical and radiological outcomes in both groups are 
presented in Table 2. There was a significant improvement 
on all KSS subscales at 3-year follow-up in comparison with 
the preoperative values (p < 0.001).

The difference between the two groups at the final fol-
low-up was not significantly different in terms of ROM: 
99.51 ± 8.14° and 99.69 ± 8.65°, p = 0.916, KSS-objectives: 
56.57 ± 4.92 and 56.81 ± 7.02, p = 0.841, KSS-symptoms: 
19.43 ± 1.74 and 19 ± 2.12, p = 0.270, KSS-satisfaction: 
35.57 ± 5.48 and 34.65 ± 5.82, p = 0.473, KSS-expecta-
tion: 9.04 ± 1.64 and 9.08 ± 1.46, p = 0.888, KSS-function 
66.04 ± 15.62 and 64.08 ± 16.06, p = 0.540).

Radiographs revealed that 12 of 50 patients of tourni-
quet group and 25 of 50 patients in nontourniquet group 
had RLLs in cement–bone interval under tibial plateau in 
3-year evaluation.

Fig. 1   a Anterioposterior view in which was demonstrated the meas-
urement of cement mantle thickness in zones 3 and 4 on Picture 
Archiving and Communication System (PACS). b, c Knee Society 

Roentgenographic Evaluation System Zones in AP and lateral view 
according to prosthesis design
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In the AP view, zone 1 and zone 4 were the com-
mon sites for RLLs in both groups. In zone 1, the width 
of RLLs was significantly higher in nontourniquet group 
(2.72 ± 2.88 mm than 1.36 ± 1.91 mm, p = 0.007). In zone 
4, the width of RLLs was significantly higher in nontourni-
quet group (2.67 ± 3.27 mm than 1.14 ± 2.32 mm, p = 0.008). 
There were no significant differences in zones 2, 3, 5, 6 and 

7 between groups. In addition, in zone 1, cement mantle 
thickness was related to the width of RLL (r = − 0.271, 
p = 0.007). In lateral view, zone 2 was the commonest site 
of RLLs. There were no significant differences in zones 1, 2 
and 3 between groups.

Cumulated width of RLLs in AP view was 
3.48 ± 4.69 mm in tourniquet group and 7.74 ± 6.68 mm 
in nontourniquet group (p < 0.001). Cumulated width of 
RLLs in lateral view was 1.76 ± 3.42 in tourniquet group 
and 3.05 ± 4.23 mm in nontourniquet group (p = 0.094). 
Calibrating the results with the size of the tibial prosthesis, 
percentage of radiolucency in AP view was 0.05 ± 0.07 in 
tourniquet group and 0.11 ± 0.09 in nontourniquet group 
(p < 0.001), and 0.04 ± 0.07 than 0.07 ± 0.09, respectively, in 
lateral view (p = 0.091). In addition, the percentage of RLLs 
in AP view had shown a significant but small relationship 
with the cumulated cement mantle thickness in the same 
view (r = − 0.218, p = 0.031) (Fig. 3).

Discussion

The main finding of this study is that the use of tourniquet 
increased the cement mantle thickness under tibial compo-
nent in primary TKA. This even small increase of the thick-
ness has an influence on the occurrence of progressive RLLs 
in cement–bone interface at 3-year follow-up. It seems that 
this is the first study that evaluates the influence of tourni-
quet on cement mantle and implant stability in mid-term 

Table 1   Patient demographics

a Values are presented as mean and standard deviation in parentheses
b Values are expressed as median and range in parentheses

Variable Group 1 (without 
tourniquet)

Group 2 (with tourniquet) p value

Sex (patients) (male:female) 50 (42:8) 50 (42:8) –
Age (years)a 69.92 (6.89) 70.73 (6.56) 0.549
BMI (kg/m2)a 31.32 (3.95) 31.04 (5.43) 0.768
Kellgren score (patients) 0.177
 2 2 6 –
 3 24 24 –
 4 24 21 –

Total ROM (°)a 96 (14.36) 100.39 (12.99) 0.110
 Maximum flexion 101.9 (12.08) 105.78 (10.79) 0.091
 Extension contracture 5.9 (6.36) 5.49 (5.68) 0.733

New Knee Society Scorea

 Objective indicators 47.1 (8.73) 44.98 (12.13) 0.317
 Symptoms 4.98 (3.82) 5.73 (3.72) 0.097
 Patient satisfaction 7.72 (3.16) 7.28 (2.47) 0.431
 Patient expectations 5.3 (0.99) 5.57 (1.53) 0.127
 Functional activities 18.86 (7.72) 19.65 (8.60) 0.630

Follow-up (months)b 36 (35–39) 36 (35–41) 0.770

Fig. 2   Boxplot of cumulated cement mantle thickness in both types 
of surgery (with and without tourniquet). Horizontal thick lines are 
medians. Boxes are formed by the upper and lower quartile. Lower 
whiskers are 1.5 times the inter-quartile range below the minimum 
value. Upper whiskers are calculated using the same approach. One 
outlier is displayed in nontourniquet group
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follow-up of 3-years, measuring radiological signs of poten-
tial loosening.

The use of tourniquet seems to be a routine during TKA. 
Ninety-five percent of the members of American Associa-
tion of Hip and Knee Surgeons use tourniquet during TKA, 
according to a reported survey [31]. Tourniquet can enhance 
surgeon’s visualization during surgery and has an influence 

on reduced total blood loss in cooperation with other tech-
niques (minimal invasive surgery, tranexamic acid), but there 
is an argument whether this reduced bleeding surface could 
benefit cement penetration and affect implant fixation [32]. 
Outcomes from high-level studies about the long-term survi-
vorship without the use of tourniquet are also needed [32]. In 
contrast, loosening is mostly localized at bone–cement struc-
ture [2] and therefore preparation of the bone before cemen-
tation is the most important step [19]. It has been proven that 
suction technique of the trabecular bone improves cement 
penetration under tibial component [33]. Tourniquet also 
creates clean and blood-free trabecular bone during TKA, 
and it may have the same outcome like the suction technique.

Moreover, Pfitzner et al. [17] prospectively compared the 
cement mantle thickness under tibial component according 
to the use of tourniquet. They found significant increased 
thickness in tourniquet group (p = 0.009) but the difference 
was only 1.2 mm in cumulated thickness of all KSRES 
zones. Two main concerns have arisen for this study. Firstly, 
there is little evidence available if this increased thickness of 
the cement could affect implant stability [7, 34, 35], and sec-
ondly, if that increase of only 1 mm could improve implant 
survivorship. In our study, differences were also significant 
and small (10.49 ± 2.31 mm in group 1 and 9.27 ± 1.86 mm 
in group 2, p = 0.005).

The evidence whether the use of tourniquet has a benefi-
cial effect on implant fixation is limited. There are only two 
studies [36, 37], which investigated the influence of tourni-
quet on potential implant survivorship using radiostereomet-
ric analysis (RSA) and found that there were no differences 
between the groups. On the other hand, the same authors 
referred to this technique as a major limitation of their study 
due to the belief that RSA capability to predict loosening 
is based only theoretically [36]. Moreover, Vandenbussche 
et al. [38] found no differences between groups evaluating 
the radiological signs of loosening in 3-month follow-up. 
Our main argument is that radiolucent lines, which are the 

Table 2   Clinical and radiological outcomes in both groups

Values presented as means and standard deviations in parentheses
ROM range of motion, AP anterioposterior view, Lat lateral view, 
KSRES Knee Society Roentgenographic Evaluation System, ns not 
significant
a Measured postoperatively
b Measured at 3-year follow-up

Group 1 
(without 
tourniquet)

Group 2 
(with tourni-
quet)

p value

Clinical outcomes
 New Knee Society Score
  Objective indicators 56.81 (7.02) 56.57 (4.92) 0.841
  Symptoms 19 (2.12) 19.43 (1.74) 0.270
  Patient satisfaction 34.65 (5.82) 35.57 (5.48) 0.473
  Patient’s expectations 9.08 (1.46) 9.04 (1.64) 0.888
  Functional activities 64.08 (16.06) 66.04 (15.62) 0.540

 Total ROM (°) 99.69 (8.65) 99.51(8.14) 0.916
  Maximum flexion (°) 101.35 (8.55) 101.86 (7.94) 0.760
  Extension contracture (°) 5.61 (5.86) 1.51 (4.54) < 0.001

Radiological outcomes
 Cement mantle thicknessa

  AP Zone 1 1.42 (0.45) 1.59 (0.53) 0.077
  AP Zone 2 1.68 (0.59) 1.82 (0.56) 0.210
  AP Zone 3 1.91 (0.44) 2.17 (0.64) 0.020
  AP Zone 4 1.77 (0.58) 1.92 (0.64) 0.223
  Lat Zone 1 1.66 (0.44) 1.69 (0.45) 0.742
  Lat Zone 2 1.55 (0.53) 1.84 (0.54) 0.009
  Cumulated thickness 9.27 (1.86) 10.49 (2.31) 0.005

 Radiolucent linesb

  KSRES AP Zone 1 2.72 (2.88) 1.36 (1.91) 0.007
  KSRES AP Zone 2 1.32 (2.09) 1.01 (2.31) 0.496
  KSRES AP Zone 3 1.56 (2.83) 1.20 (1.02) 0.072
  KSRES AP Zone 4 2.67 (3.27) 1.14 (2.32) 0.008
  KSRES AP Zone 5 0.0 (0.0) 0.06 (0.45) 0.330
  KSRES AP Zone 6 0.0 (0.0) 0.0 (0.0) ns
  KSRES AP Zone 7 0.0 (0.0) 0.0 (0.0) ns
  KSRES Lat Zone 1 1.43 (2.12) 0.68 (1.7) 0.057
  KSRES Lat Zone 2 1.87 (4.05) 1.19 (2.58) 0.318
  KSRES Lat zone 3 0.05 (0.38) 0.0 (0.0) 0.310
  Cumulated KSRES AP 7.74 (6.68) 3.48 (4.69) < 0.001
  Cumulated KSRES Lat 3.05 (4.23) 1.76 (3.42) 0.094
  % of radiolucency AP 0.11 (0.09) 0.05 (0.07) < 0.001
  % of radiolucency Lat 0.07 (0.09) 0.04 (0.07) 0.091

Fig. 3   Graph shows the relationship between percent involvement 
of radiolucency at the tibial bone–cement interface in AP view and 
cumulated cement mantle thickness in 3-year follow-up
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main radiological signs of loosening, cannot be evaluated on 
short follow-up, because there are also RLLs in immediate 
postoperative X-rays, which are results of poor cementation 
technique. These RLLs are non-progressive and they do not 
affect the fixation of the implant, although they can facilitate 
the entry of debris to the cement–bone interface [23]. In our 
patient selection, there was one case in non-tourniquet group 
that has RLLs on immediate postoperative AP view and was 
excluded from the study.

Smith et al. [23] also described another type of RLLs that 
is progressive and can quickly become area of osteolysis, 
due to the development of fibrous tissue film [39]. These 
RLLs in the cement–bone interface correlate with migra-
tion of the components, loosening [19] and transient bone 
loss [40], which may be continued over the long term [41]. 
The analysis of this radiolucency became a common prac-
tice during postoperative evaluation of TKA [42]. The Knee 
Society total knee arthroplasty roentgenographic evaluation 
and scoring system (KSRES) uses X-rays to measure the 
width of RLLs in mm under femoral, tibial and patellar 
implants in specific areas, which are called zones [26]. The 
cumulated final width reflects the final score of each implant. 
The benefit of this method is that it can be a standard way 
to report outcomes and to compare results. However, there 
is a consensus about the significance of the scoring of this 
technique and other more simple methods have been intro-
duced [28, 29]. In our study, in addition of the cumulated 
width of radiolucent lines and KSRES scoring system, we 
also used the Chalmers method [29], in which the percent-
age of radiolucency was used to compare groups. Authors 
found that 25% or more of the interface was highly predic-
tive of tibial loosening intraoperatively. We found similar 
significant results using the two methods (KSRES cumulated 
width and percentage of radiolucency) in both X-ray views.

Although this is a comparative study, its limitations 
include the fact that it is not a randomized clinical trial 
and the number of cases is relatively small. The power of 
this study is that in all cases, done by the same surgeons, 
radiological evaluation was blinded and the follow-up was 
prospective. The clinical relevance of this small difference 
in thickness of cement mantle was also evaluated measur-
ing the radiological outcomes that could predict survival, 
according to the already existing literature. Further prospec-
tive studies with long-term results are necessary to confirm 
our potential outcome that tourniquet has an influence on 
implant survival in TKA.

Conclusion

The use of tourniquet during TKA increases cement man-
tle thickness and reduces the occurrence of radiolucent 
lines under tibial component, with this implant design. 

These results could have an influence on long-term implant 
survivorship.
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