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Abstract

Purpose We hypothesized that the intra-operative measurement of the femoral head may increase the accuracy of the
acetabular cup size optimal selection in total hip arthroplasty (THA). The purpose of this clinical research was to analyze
the correlation between the estimated cup size from intra-operative measurement of the femoral head and the pre-operative
templated cup size.

Methods A prospective observational single-center study was conducted from June 2019 to January 2020 including primary
THA (n=100). All cases were pre-operatively templated. The measurement of the anterior—posterior diameter of the femoral
head was routinely intra-operatively performed. Any definitive implanted cup was considered as “oversized” when the size
was >4 mm than the diameter of the native head.

Results The median (interquartile range) size of the implanted cup, pre-operative planned cup size, and diameter of the
femoral head were measured 52 (50-54) mm, 50 (48-54) mm and 49 (45-51) mm, respectively. Pre-operative planned size
cup accurately predicted the implanted cup or differed in only one size (2 mm) in 77 (78%) cases. Otherwise, intra-operative
femoral head measurement method accurately predicted the implanted or differed in only one size (2 mm) in 51 (87%) cases
(»=0.097).

Conclusion The intra-operative femoral head measurement is a simple and reliable tool to help the surgeons choose the best
size of the acetabular cup and is as reliable as the pre-operative templating in order to avoid cup oversizing in THA. Utmost
caution is warranted whenever the cup reamer is >4 mm than the anterior—posterior diameter of the native head.

Keywords Intra-operative measurement - Femoral head - Acetabular cup - Hip template - Pre-operative template

Introduction

Total hip arthroplasty (THA) is an exceptionally success-
ful and cost-effective surgical procedure [1, 2]. In order
to obtain reproducible results, pre-operative planning
has emerged as a mandatory routine and has become a
cornerstone step so as to achieve remarkable outcomes
[3, 4]. This planning includes physical examination and
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between the original femoral head and the implanted
socket was superior to 6 mm [7]. Accordingly, Ben Lulu
et al. suggested a real-time tool for the accuracy of ace-
tabular size selection, consisting on an intra-operative
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measurement of the femoral head and considering a cut-
off point of 4 mm as a monitoring indicator [8].

We hypothesize that this simple tool may have the
same validity and accuracy as the pre-operative digital
templating in order to estimate the size of the definitive
implanted cup. The objective of the current study was to
analyze the correlation between the estimated cup size
from intra-operative measurement of the femoral head
and the pre-operative templated cup size.

Materials and methods

This was an observational single-centre study. From June
2019 to January 2020, all patients admitted at our hos-
pital for elective THA were prospectively registered in a
database and retrospectively reviewed. We excluded those
patients undergoing THA with no pre-operative template,
patients in which the femoral head was non-measurable
for any reason, and patients in whom data collection was
incorrect or inadequate due to clerical errors.

All operations were performed by at least one of
the joint reconstruction surgeons following the usual
technique. Data regarding demographics, body mass
index (BMI), comorbidities, indication for THA, hip
approach, anterior—posterior diameter of the femoral

Fig. 1 A Digital pre-operative
radiograph showing the
anterior—posterior projec-

tion of the pelvis with a dual
calibration marker ball system
(KingMark™). B Pre-operative
template using the using the
TraumaCad™ software in
which a 56 mm diameter head
was estimated. C Intra-operative
measurement of the ante-
rior—posterior diameter of the
femoral head using a Vernier
caliper device. In this example,
a 52 mm diameter head was
measured. D Post-operative
radiograph after the implanta-
tion of a definitive 56 mm
diameter cup

@ Springer

head, templated socket size and implanted cup outer
diameter, and type of cup was recorded. The type of cup
implanted was R3™ (Smith & Nephew, Memphis, TN),
G7™ (Zimmer Biomet, Warsaw, IN), Trident ™ (Stryker
Orthopaedics, Mahwah, NJ), or X3 RimFit ™ (Stryker
Orthopaedics, Mahwah, NJ). All mentioned cup models
have various sizes that differ in exactly 2 mm from the
immediate, and only even sizes are available. This fact
was taken into account in the estimation from the differ-
ent methods of the definitive implanted size cup.

Estimated cup size method from pre-operative
templating x-ray calibration tools (pre-operative
planned cup)

All digital preoperatively radiographs of the pelvis were
taken in an anterior—posterior orientation. Patients were
positioned supine with both hip joints rotated inward
approximately 10-15°. A dual calibration marker ball
system (KingMark™) was routinely used as a reference
for determining the individual magnification factor [9]
(Fig. 1A). Digital templating was performed as described
by Bono et al. [10] using the TraumaCad™ (BrainLab,
Chicago, IL, USA) (Fig. 1B). The increments in size of all
cups are 2 mm (external diameter of the cup); thus, only
even sizes from all models are commercially available.
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The implant type was determined pre-operatively based
on the patient’s individual anatomy, age, and weight.

Estimated cup size method from intra-operative
femoral head measurement

The measurement of the anterior—posterior diameter of
the femoral head was intraoperatively performed using a
Vernier caliper device (Fig. 1C). Considering a cut-off
point of 4 mm as a monitoring indicator [8] and the fact
that only even sizes from all models were commercially
available, the estimated cup size was calculated as the
immediate available even-sized cup <4 mm larger than
de diameter of the femoral head.

Definitive implanted cup size selection method

In all cases, a progressive acetabular reaming was performed
preferably not exceeding 4 mm the diameter of the measured
native femoral head. An acetabular cup trial was impacted so
as to test the press-fit. The definitive implanted cup size was
selected according to both the subjective surgeon’s sensation
after using the cup trial and the preoperatively templated x-ray.
After the implantation of the definitive cup (and a stem trial)
and reduction, intraoperative x-rays were performed in all cases
in order to accurately assess well positioning of the implants
and reproducibility of the pre-operatively templated x-ray. Post-
operative x-rays were performed in all cases (Fig. 1D).

Oversized cup definition

For analysis purposes, any definitive implanted cup was con-
sidered as “oversized” when (a) the size was >4 mm than
the anterior—posterior diameter of the native head or (b) the
implanted cup was larger than the pre-operative planned cup.

Statistical analysis

Continuous variables were expressed as mean or median and
standard deviation (SD) or interquartile range (IQR) and were
compared using the Student’s ¢ test or the Mann—Whitney U
test according to the Kolmogorov—Smirnov test of normal-
ity. Qualitative variables were described by absolute frequen-
cies and percentages and were compared using the X2 test or
Fisher’s exact test when necessary. Correlation curves between
continuous variables were estimated by testing linear equation
models. Lin’s concordance correlation coefficient [11] was cal-
culated to assess the correlation between implanted and pre-
dicted size cup. The degree of agreement was assessed accord-
ing to McBride’s strength of agreement criteria [12] for discrete
quantitative variables (<0.65, poor; 0.65-0.80, moderate;
0.80-0.90, substantial;>0.90, almost perfect). Analyses were
performed using the SPSS® v. 20.0 statistical package (SPSS,

Inc. Chicago, IL, USA). Two-sided p <0.05 was considered
statistically significant. Institutional review board approval was
obtained before the beginning of the study (Register number:
HCB/2020/0494).

Results

A total of 100 patients were included in the study. The mean
age of the cohort was 65.1 (SD, 13.3) years. Fifty-six (56%)
patients were male, and mean BMI was 27.7 (SD, 4.7) Kg/
m?. Indications for surgery were osteoarthritis (84 cases,
84%), ischemic necrosis of the femoral head (10 cases, 10%),
femoral neck fracture (5 cases, 5%), and malignancy in 1
(1%) case. Hip surgical approach was anterolateral in 70
patients, direct anterior in 18, and posterolateral approach
in 12 patients. Hip prosthesis was non-cemented in 98 (98%)
cases, and the type of cup implanted was R3™ (Smith &
Nephew, Memphis, TN, USA) in 45 cases (45%), G7 ™
(Zimmer Biomet, Warsaw, IN, USA) in 39 cases (39%),
and Trident ™ (Stryker, Kalamazoo, MI, USA) in 13 cases
(13%). There were two cases (2%) of cemented cups, and
the type was X3 RimFit ™ (Stryker, Kalamazoo, MI, USA).

The median (IQR) size of the implanted cup was 52
(50-54) mm, whereas the median (IQR) pre-operative
planned cup was 50 (48—-54) mm, and the median (IQR) size
of the femoral head (measured with Vernier caliper during
surgery) was 49 (45-51) mm. Figure 2 shows correlation
between implanted cup and both the pre-operative planned
cup and the intra-operative femoral head measurement
method (as described in methods section). Lin’s concord-
ance correlation coefficient between implanted cup and preo-
perative planned cup was 0.841 (95%CI=0.601-0.920);
therefore, the strength of agreement was defined as “sub-
stantial.” The correlation coefficient between implanted cup
and intra-operative femoral head measurement method was
0.911 (0.868-0.940), and the strength of agreement was cat-
egorized as “almost perfect.” Pre-operative planned size cup
accurately predicted the implanted cup or differed in only
one size (2 mm) in 77 (78%) cases (Table 1). Otherwise,
intra-operative femoral head measurement method accu-
rately predicted the implanted or differed in only one size
(2 mm) in 51 (87%) cases (p=0.097).

Discussion

Pre-operative planning in THA has become a well-recog-
nized and widely accepted method to improve implant siz-
ing, determine offset, and reduce leg length discrepancy
[13]. In fact, its routinely application has demonstrated to
optimize the femoroacetabular offset adjustment by deter-
mining component sizes [14]. Unfortunately, pre-operative

@ Springer
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Table 1 Percentage of accurately prediction or discrepancy of both the pre-operative planned cup diameter and the intra-operative femoral head
measurement compared to the definitively implanted cup size. Comparison of proportions (z-test)

Pre-operative templated cup size Intra-operative femoral head measure-  p value
ment
Percentage of accurately prediction 43% 36% 0.31
Percentage of discrepancy <1 size 35% 51% 0.02
Percentage of discrepancy > 1 size 22% 13% 0.10

template might not be always feasible, for instance, in the
absence of sizing marker or malposition of the patient during
the radiographs. Another usual situation in which the pre-
operative templating may be difficult is related to hip frac-
ture cases, in which non-standardized x-rays are common
and thus sizing marker may be unavailable. Finally, it should
be taken into account that not all centres are provided with a

@ Springer

proper software to digitally template. In fact, pre-operative
planification has been classically done with hand-sketched
plans [3].

Crosswell S. et al. [15] devised an easy method so as
to help predicting femoral head size, therefore allowing
surgeons to safely proceed with surgery when implant
stocks are limited and to potentially improve theater
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efficiency. The authors described a simple and repro-
ducible method in which the maximum diameter of the
contralateral femoral head using a digital software was
measured. However, this study was addressed to pre-
operative template hip hemiarthroplasties, so further
studies should be performed in order to assess the real
usefulness of this technique regarding the use of THA
for hip fracture. Other authors have used templating pro-
grams to measure the widest point on the femoral head.
However, a contralateral hip joint configuration may vary
individually and differ from the affected limb. According
to the presented results, the intra-operative measurement
of the femoral head provides high reliability to choose
the cup size. This method poses a valuable aid in cases in
which the pre-operative planning is not available.

A difference higher than 6 mm between the native
femoral head and the implanted cup has been depicted
as a potentially preventable cause for post-operative
pain after THA [7]. A simple and reproducible real-time
method so as to improve the accuracy of acetabular size
selection was described by Ben Lulu et al. [8], consisting
an intra-operative measurement of the resected native
head and considering a cut-off point of 4 mm as a moni-
toring indicator. This basic yet appealing method con-
sists of an unexpensive widely available tool that should
be considered as routine whenever an acetabular cup is
implanted. In the present series, the intra-operative femo-
ral head measurement method provided greater accuracy
(87%) compared to the standard pre-operative templating
(78%). The linear correlation demonstrates that the intra-
operative femoral head measurement is at least as reliable
as the pre-operative templating. This reproducible and
easy tool appears to be useful not only as a double check
to confirm our pre-operatively estimated cup size, but
also as an aid in those cases in which the pre-operative
template is unavailable for any reason.

The present study features some inherent limitations.
The first limitation is that different cup models were
used during the study period, which adds heterogenic-
ity. However, all used models have equal even sizes
which differ in 2 mm from the immediate. Secondly, the
number of cases is limited and may have influenced the
results. Finally, there might be some challenging cases
in which the femoral head is totally deformed and cannot
be reliably measured (for instance, some severe avascular
necrosis and high-grade dysplasia cases). In those cases,
we certainly encourage relying on the pre-operative
template, considering the contralateral femoral head (if
not deformed too) as a guide. All these limitations may
affect the extent to which our findings can be general-
ized beyond the specific cases studied. There are some
strengths that need to be highlighted. Firstly, because of
its prospective nature, biases have been reduced to the

maximum. Secondly, all operations were performed by
the same specialized surgeons of the hip unit using the
same surgical protocols. In all, it can be assumed that
future larger prospective randomized studies are required
to corroborate our findings.

In conclusion, the intra-operative femoral head meas-
urement is as reliable as the pre-operative templating
in order to avoid cup oversizing in THA. This simple
and reproducible tool has proved to be useful to confirm
the pre-operatively predicted cup size; thus, its applica-
tion should be considered routinely, even in those cases
in which the pre-operative template is available. In all,
the intra-operative femoral head measurement entails an
unexpensive widely available tool that should be consid-
ered as routine in THA.
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