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Abstract

Background: Considering the excellent results already achieved in total hip arthroplasty (THA), new implants must
be at least as safe as currently used implants and lead to longer survival. A new cementless femoral stem, SP-CL® has
been introduced. The aim of this study is to evaluate intraoperative complications and assess the risk factors of THA
with the SP-CL® implant.

Materials and methods: All THA patients who were operated on using the SP-CL® (LINK, Hamburg, Germany)
implant between 2015 and 2018 were included in the analysis. Data were collected from medical records from
national and hospital electronic databases. Radiological measurements were made from standard pre- and postop-
erative radiographs.

Results: A total of 222 THA were performed using the SP-CL® implant. The average age of the patients was 56 years
(14-77 years). There were 1 transient sciatic nerve injury, 1 acetabular fracture, and 11 (5.0%) intraoperative femoral
fractures (IFF), of which 7 were treated with cerclage wire or titanium band during the operation while the other frac-
tures were treated conservatively. None of the IFF patients were revised due to fracture during the follow-up period
(one revision due to infection). The radiographic morphology of proximal femur was associated with increased risk of
IFF (p=0.02).

Conclusions: The results of the current study demonstrate a 5% incidence of IFF when using the LINK SP-CL® femo-
ral stem in THA. The radiographic morphology of the proximal femur was an important predictor of IFF and should be
assessed when using SP-CL®.

Level of evidence: Level 4.
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Introduction

Total hip arthroplasty (THA) has been claimed to be the
operation of the century due to its excellent results [1].
Nevertheless, there are complications that can lead to
revision surgery. One of the most problematic groups
among the THA population is younger patients, whose
lifetime risk of revision is up to 35% compared with 5%
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for patients aged over 70 years [2]. Since global trends
show an increase in THA in this younger age group, it
is crucial to avoid complications and improve implant
survival [3, 4]. Aseptic loosening is the major reason for
revision after THA [5]. The growing use of cementless
implants has been shown to improve the survival rate
in younger patients [6]. Cementless implants have also
increasingly been used among the elderly population,
which should not be encouraged because of the higher
complication rate [7].

One of the concerns related to the use of cementless
implants in THA is the increased risk of intraoperative
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femoral fracture [8]. In THA using cementless implants,
the geometrical fit of the implant is essential to achieve
good primary stability. Thus, thorough preparation of the
femoral canal and correct sizing and fitting of the implant
are of utmost importance to ensure the longevity of the
implant.

IFF occur most often at calcar, greater trochanter, and
femoral diaphysis [8]. Since IFF lead to poorer functional
outcomes and decreased patient satisfaction, it is impor-
tant to identify the risk group and avoid complications
[9].

A novel cementless femoral implant (SP-CL®) has
been developed, offering several new features that might
improve the outcome of THA: (1) grooves in the proxi-
mal part of the stem to provide early rotational stability,
(2) an anatomic S-shape of the implant that decreases the
morphometric mismatch with the proximal femur, (3) a
CaP coating on the proximal two-thirds to provides osse-
ointegration for secondary stability, and (4) a polished
tip of the implant to allow gliding in the medullary canal,
which does not cause stress risers and might decrease the
incidence of thigh pain.

The aim of the current study is to analyze the intraop-
erative complications and assess the risk factors for IFF in
THA using the SP-CL® implant.

Materials and methods

All THA patients who were operated using the SP-CL®
(LINK, Hamburg, Germany) CaP-coated implant at
Tartu University Hospital between 2015 and 2018 were
included in this study. The data were collected retrospec-
tively from local hospital records and from the national
electronic medical database. The medical center has pre-
vious experience with Zweymiiller and uncemented Miil-
ler-type implants from different companies since the year
1997. The decision of whether to use the SP-CL® implant
was made by the operating orthopedic surgeon based on
the patient’s age, fragility, bone morphology, comorbidi-
ties, and activity level. Posterolateral and direct lateral
surgical approaches were used with the patient in lateral
decubitus position with a cushion between the legs.

Data for sex, age, weight, height, and comorbidi-
ties were obtained from medical records. IFF data were
collected from medical records and by evaluation of
radiographs.

Radiological assessment

Radiological evaluation was carried out on standard pre-
operative and postoperative (on the second postoperative
day) anteroposterior radiographs. A marker was used to
quantify the magnification of all radiographs. Proximal
femoral morphology was assessed using canal flare index
(CFI), cortical index, and canal—calcar ratio (Fig. 1) [10,
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Fig. 1 Radiological measures of proximal femur. a Canal width 2 cm
above the mid-lesser trochanter line. b Canal width 3 cm below the
mid-lesser trochanter line. ¢ Femoral bone width 10 cm below the
mid-lesser trochanter line. d Canal width 10 cm below the mid-lesser
trochanter line. These measures were used to calculate canal flare
index (a/d), cortical index [(c — d)/c], and canal-calcar ratio (d/b)

11]. CFI< 3 was classified as stovepipe, CFI 3—4.7 as nor-
mal, and CFI>4.7 as champagne flute-shaped canal [11].
In addition, the angle of the femoral component and leg
length discrepancy were measured from the postopera-
tive radiograph. Radiological evaluation was carried out
by two independent raters, and the average value used
for analysis. Intraclass correlation coefficient was used to
assess consistency between raters.

Statistical analysis

Statistical analysis was performed using SPSS (version
20.0 for Windows) statistical software. Data are pre-
sented as mean=standard deviation or (range). The
Student ¢ test or Mann—Whitney U test was used to com-
pare groups as appropriate. Chi-squared and Fisher’s
exact tests were used to compare group proportions.
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Multivariable logistic regression analysis was used to
determine independent predictors of IFF. Variables for
the regression model were selected from our hypotheses
and from previous studies. p-value of 0.05 was used as
the cutoff for statistical significance.

Results
This study included the first 222 consecutive total hip
arthroplasties carried out with the new cementless
SP-CL® between 2015 and 2018 at Tartu University Hos-
pital. The operations were performed on 209 patients,
of whom 13 were operated bilaterally in a staged pro-
cedure. The general parameters of the study partici-
pants and the reason for arthroplasty are presented in
Table 1. The mean age of study participants was 56 years
(1477 years), and their mean body mass index (BMI)
was 29.6 +4.90 kg/m?, being 29.146.2 kg/m? in the IFF
group versus 30.044.9 kg/m? in the nonfracture group
(p=0.38). The patients were operated by nine different
orthopedic surgeons [five with over 5 years of experience
with arthroplasty (>100 operations/year) and four with
less than 5 years of experience]. The number of opera-
tions performed using the SP-CL® implant per surgeon
varied from 1 to 66 with an average of 22.

There were 11 (5.0%) IFF among the 222 THA. The
type and treatment of the IFF are presented in Table 2.

Table 1 General characteristics of hip arthroplasty

patients
Age (years) 56 (14-77)
Male/female (n) 112/110
Height (m) 1.71
Weight (kg) 87
BMI (kg/m?) 29.6+4.90
Smoking (n, %)
Current smoker 55 (25)
Nonsmoker 167 (75)
Diagnosis (n, %)
Primary osteoarthritis 200 (90.1)
Femoral neck fracture 2(0.9)
Posttraumatic osteoarthritis 5(2.3)
Legg—Calve—Perthes 3(14)
DDH 5(23)
Idiopathic AVN 6(2.7)
Revision (MoM acetabular component loosening) 1(0,5)
Comorbidities (n) 1241
Length of hospital stay (days) 54+14
Surgical approach (n, %)
Direct lateral 116 (52)
Posterolateral 106 (48)

BMI body-mass index, DDH developmental dysplasia of hip, AVN avascular
necrosis, MoM metal-on-metal
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Table 2 Intraoperative fracture type and treatment

Fracture type N Treatment
Subtrochanteric (lateral cortex) 2 Conservative
Greater trochanter fracture 2 Cerclage wire
Calcar 7 Titanium band (3)

Cerclage wire (2)
Conservative (2)

There were 7 calcar fractures, 2 lateral cortex frac-
tures, and 2 greater trochanter fractures. Seven IFF
were treated with either cerclage wire or titanium band.
Examples of IFF treatment methods are presented in
Fig. 2. Of the fractures, four were treated conservatively
by limiting weight-bearing. Routine progressive physi-
cal therapy was performed by qualified physical thera-
pists throughout the hospital stay, and the exercises
were continued by the patients independently at home.
The physical therapy included strengthening exercises
for both legs (hip and knee extensors, abductors, and
plantar flexors), balance, and coordination exercises.
All patients were advised to use walking aids for the
first 6-8 weeks. The average hospital stay was not sig-
nificantly different in the IFF compared with the no-
fracture group (5.9 £+ 1.5 versus 5.3 £1.3 days, p=0.18,
respectively).

One of the IFF patients was revised 1 month after pri-
mary THA due to infection. All patients were invited to
routine follow-up after 6 months and 1 year after sur-
gery, where clinical (complaints, range of motion, and
satisfaction) and radiological (radiolucent zones and
migration of the implant) parameters were assessed
by the physician. The mean follow-up for IFF patients
was 17 months (3—-34 months). None of the IFF patients
were revised due to IFF during the follow-up period.
Surgical approach, age, gender, and implant size were
not different between the THA patients with and with-
out IFF (Table 3). The number of operations and pro-
portion of IFF per year are presented in Fig. 3.

In addition, there was 1 undisplaced acetabular frac-
ture and 1 sciatic nerve injury, both of which were
treated conservatively and did not cause any long-term
disability, according to clinical records.

Radiological measurements

The results of the radiographic anatomy measure-
ments are presented in Table 3. There were no statisti-
cally significant differences regarding the canal—calcar
ratio, cortical thickness index, or leg length discrep-
ancy between the patients with versus without fracture



Tootsi et al. J Orthop Traumatol (2020) 21:8

Page 4 of 7

treated with cerclage wire

Fig. 2 a Postoperative radiograph of intraoperative femoral fracture (IFF) on the right treated with titanium band. b Radiograph of patient with IFF

Table 3 Radiological and clinical characteristics of fracture
and no-fracture groups

Variable Fracture group No-fracture group p
Age (years) 57412 56+83 0.53
BMI (kg/m?) 29.1+£62 300+£49 038
Cortical index 0.5940.04 0.57+0.06 0.65
Canal-calcar ratio 0.62+0.09 0.66+0.09 0.11
CFl according to Noble 0.02
Stovepipe (n, %) 6 (55) 40 (19)
Normal (n, %) 5(45) 163 (77)
Champagne flute (n, %) 0 (0) 8 (4)
Leg length discrepancy 3+13 7+7 0.83
(mm)
Surgical approach 0.54
Direct lateral (n, %) 4 (36) 102 (48)
Posterolateral (n, %) 7 (64) 109 (52)
Comorbidities (n, range) 1.3 (0-3) 1.2 (0-6) 0.68

BMI body mass index, CFl canal flare index

(Table 3). However, the proportion of patients with
stovepipe-shaped proximal femur was higher in the
fracture compared with no-fracture group.

In the logistic regression analysis, proximal femur CFI
shape and canal-calcar ratio were significant predic-
tors of IFF (Table 4). Other potential risk factors were
included in the analysis and did not show a statistically
significant impact.

Consistency among the raters was assessed with ICC.
The ICC for CFI was excellent (0.92, CI 0.89-0.94) or
good for cortical thickness index (0.77, CI 0.70-0.82)
and moderate for canal-calcar ratio and leg length

Hip arthroplasties and intraoperative fractures
%0 5% 5%
80
70
60 2%
50
40
30
11%
20
10
0
2015 2016 2017 2018
B THA using SP-CL M Intraoperative fractures
Fig. 3 Total hip arthroplasties (THA) using SP-CL implant per year
and proportion of intraoperative fractures

Table 4 Binary logistic regression model for intraoperative
fractures using SP-CL implant

Variable OR 95% Cl p

CFl shape 0.13 0.03-0.55 0.006
Canal-calcar ratio <0.01 0.00-0.38 0.032
Surgical approach 0.14 0.71-12.04 0.138
Year of operation 0.63 032-1.23 0174
Gender 0.54 0.14-2.12 0.379
Age 1.02 0.94-1.11 0.599
Implant size 1.35 0.30-6.05 0.696

CFl canal flare index

CFl shape was stovepipe, normal, or champagne flute configuration; surgical
approach coded as 1 for direct lateral and 2 for posterolateral; Gender coded as
1 for male and 0 for female; implant sizes split at the median value and classified
as 0 for smaller and 1 for larger size
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discrepancy (0.74, CI 0.66—0.80 and 0.63, CI 0.52-0.72,
respectively).

Discussion

This is the first study to evaluate intraoperative compli-
cations associated with THA using the new cement-
less femoral implant SP-CL®. We found that, in the first
consecutive 222 THA, the most prevalent intraoperative
complication was femoral fracture with incidence of 5%.
The IFF risk was associated with the radiological anatomy
of the proximal femur.

The rate of IFF in THA using cementless implants gen-
erally ranges between 0.6% and 6%, although incidence
above 20% has also been reported [8, 12—14, 16]. As IFF
increases reoperation risk and causes poor functional
outcome, it is crucial to minimize modifiable risk factors
and choose the correct implant for each patient [9, 15].
Previously, the radiological shape of the proximal femur
has been associated with IFF risk [16]. In support of this,
we found that classification according to Noble CFI into
either stovepipe, normal, or champagne flute configura-
tion was an independent predictor of IFF (Table 4). In
addition, canal-calcar ratio also predicted IFF. As these
markers have previously been associated with bone min-
eral density, the results of our study suggest that poor
bone quality may increase IFF risk [17, 18].

Several clinical risk factors have been reported for IFF
of THA: female gender, greater age, implant size, ante-
rior and lateral (Hardinge) approach, and obesity [14,
16]. Age was not an independent predictor of IFF in our
study. This might be associated with the significantly
lower average age of the study participants compared
with previous studies [16, 19]. There was no significant
difference in fracture rate regarding the surgical approach
in our study (Table 3). Several studies have found an
increased risk in the case of direct lateral and ante-
rolateral approach; however, different type of implants
were used in those studies, which might at least partly
explain the different results [16, 20]. Furthermore, in our
study, obesity, gender, and implant size were not inde-
pendently associated with IFE. This might be due to the
relatively small sample size and the low incidence of IFF.
Also, mastering the specific technical features of a new
implant takes time and has a learning curve that might
have influenced the results. The complexity of measuring
the impact of the learning curve has been acknowledged
before [21]. In the current study, we analyzed the effect
of operation year and operating surgeon (both individu-
ally and categorized into two groups by experience) and
found no significant impact of these variables on logistic
regression analysis.

Miettinen et al. analyzed THA complications and found
a 3.7% incidence rate of IFF [16]. Their analysis provides
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a good comparison with the current study because it was
done in the same geographical region, most (81%) of the
implants used were of fit-and-fill design (relatively simi-
lar to SP-CL®), and the age and gender proportions of the
patients are similar. The IFF rate was comparable with
the current study, and they also found that the geometry
of the proximal femur was an independent risk factor for
IFE.

Cementless femoral implants for THA have differ-
ent stem designs and contact areas between the bone
and implant. Therefore, the properties of primary and
secondary fixation vary. Because of the growing num-
ber of different femoral stems used in clinical practice,
there is no comprehensive classification system cover-
ing all implants. According to the Mount group classifi-
cation, SP-CL® is the closest to type 6 with an anatomic
shape and tapered conical design to provide maximal fit
and fill in the metaphyseal area [22]. The SP-CL® used
in the current study is made of titanium alloy, which is
one of the most prevalent materials used in cementless
femoral components due to its various advantages over
stainless-steel and cobalt-chromium alloys. The stiffness
of titanium implants is more similar to that of bone com-
pared with stainless-steel alloys, and titanium exhibits
better bone ingrowth properties compared with cobalt-
chromium implants [23]. The use of primary cementless
stems in revision surgery is controversial, and only a few
studies can be found [24]. Nevertheless, if the bone qual-
ity is good and there is no substantial osteolysis, then the
use of a primary cementless stem can be a good option.
Using a primary cementless stem in revision arthroplasty
can prevent treatment escalation without limiting future
implant selection and has been encouraged previously by
some authors [24, 25].

Bone stress shielding is a well-established issue with
cementless THA, especially in the younger population,
and is associated with thigh pain [26]. Anatomic shape,
elastic properties, and grooves in the proximal side of
SP-CL® have been shown to provide better results in
strain shielding compared with other implants in finite-
element analysis [27]. The implant choice depends on
many things and should always be based on the patient’s
individual characteristics, taking into account the ana-
tomical shape and proportions of the proximal femur
to identify the best-fitting implant. Also, bone quality,
which can be assessed using the Dorr and Noble classifi-
cation on radiographs, should be taken into account [10,
11].

Several technical aspects of the operation have been
noted by the authors and should be taken into consid-
eration when using the SP-CL® implant: the femoral
neck cut must be sufficiently low to avoid creation of a
high-stress region when preparing for and inserting the
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implant. On the other hand, too high a femoral neck cut
can lead to undersizing and malpositioning (varus) of the
implant. To minimize the risk of fracture during implan-
tation, the SP-CL® should be inserted using a number of
low-energy strikes until it cannot be pushed any deeper
into the canal.

Acetabular fracture is uncommon in THA but if missed
during surgery can lead to early reoperation and poor
clinical results [28]. There was one intraoperative ace-
tabular fracture that was diagnosed on the postopera-
tive radiograph and managed conservatively with limited
weight-bearing. Acetabular fractures are associated with
cementless implants and occur most often during the
insertion of the acetabular cup. It is hard for the surgeon
to control the impaction strike precisely. High-energy
strikes lead to a marginal increase in the pushout fixa-
tion but only a small decrease in the polar gap and thus
should be avoided [29].

Nerve injury during THA is a rare complication but
can have disastrous consequences [30]. In the current
study, there was one patient who had a sciatic nerve
injury with foot drop postoperatively, which was resolved
with conservative management. The sciatic nerve is more
at risk when the posterolateral approach is used, but
for this patient the direct lateral surgical approach was
employed. The transitory nerve injury probably occurred
during the preparation of the femoral canal when the
retractors were used to make way for the canal compac-
tors and pressed on the nerve.

The strengths of this study include its comprehensive
assessment of the clinical and radiological risk factors for
IFF and the fact that all first consecutive arthroplasties
using the SP-CL® carried out at Tartu University Hospi-
tal were included in the study, thus minimizing any bias.
However, it should be noted that the sample size was rel-
atively small and the rate of IFF was low, meaning that
the study lacks statistical power to identify independent
risk factors. The results of the logistic regression analysis
should thus be interpreted with caution. Furthermore, its
retrospective design does not allow the confirmation of
causal relationships. The operations were performed by
nine different orthopedic surgeons with different expe-
rience in THA. Also, since Tartu University Hospital is
a teaching hospital, residents are involved in surgeries,
which might have an impact on the complication rate and
must be accounted for when extrapolating the results of
the study. In addition, the absence of a comparison group
in which a different implant design was used by the same
surgeons is another limitation of the study.

In conclusion, intraoperative complications related to
the use of the new femoral implant SP-CL® in THA are
described herein. Iatrogenic IFF were the most common
complications, with incidence of 5%. The radiological
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morphology of the proximal femur was an important
predictor of IFF and should be assessed when the SP-CL®
is used. None of the IFF patients required revision due to
the fracture. Cementless implants should be avoided in
patients with poor bone quality because of higher com-
plication risk. Further research is needed to assess the
mid- and long-term results of the SP-CL® in comparison
with other cementless implants in THA.
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