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Abstract

BACKGROUND

Selecting the optimal size of components is crucial when performing a primary total hip
arthroplasty. Implanting the accurate size of the acetabular component can occasionally
be exacting, chiefly for surgeons with little experience, whilst the complications of

imprecise acetabular sizing or over-reaming can be potentially devastating.

AIM

This paper aims to assist clinicians intraoperatively with a simple and repeatable tip in
elucidating the ambivalence when determining the proper acetabular component size is
not straightforwardly achieved, specifically when surgeons are inexperienced or

preoperative templating is unavailable.

METHODS

This method was employed in 263 operations in our department from June 2021 to
December 2022. All operations were performed by the same team of joint reconstruction
surgeons, employing a typical posterior hip approach technique. The types of

acetabular shells implanted were: the Dynasty® acetabular cup system (MicroPort




Orthopedics, Shanghai, China) and the R3® acetabular system (Smith & Nephew,
Watford, UK), which both feature cementless press-fit design.

RESULTS
The mean value of all cases was calculated and collated with each other. We
distinguished as oversized an implanted acetabular shell when its size was >2 mm
larger than the size of the ASIR or when the implanted shell was larger than 4 mm
compared to the preoperative planned cup. The median size of the implanted
etabular shell was 52 (48-54) mm, while the median size of the preoperatively
planned cup was 50 (48-56) mm, and the median size gf the ASIR was 52 (50-54) mm
(Table 1). The correlation coefficient between ASIR size and implanted acetabular
component size exhibited a high positive correlation with r = 0.719 (p<0.001).
Contrariwise, intraoperative ASIR measurements precisely predicted the implanted

cups’ size or differed by only one size (2 mm) in 245 cases.

CONCLUSION

In our study, we demonstrated that the size of the first acetabular reamer not entering
freely in the acetabular rim corroborates the final acetabular component size to implant.
This was also corresponding in the majority of the cases with conventional preoperative
templating. It can be featured as a valid tool for avoiding the potentially pernicious
complications of acetabular cup over-reaming and over-sizing in primary THA. It is a
simple and reproducible technical note useful for confirming the predicted acetabular
cup size preoperatively; thus, its application could be considered routinely, even in

cases where preoperative templating is unavailable.

INTRODUCTION

Total hip arthroplasty (THA) is indubitably a successful and cost-effective surgical

procedure. For obtaining reproducibly consummate results, apposite preoperative




planning is a mandatory routine. This planning involves diligent physical examination
and x-ray templating, aiding in appropriate component size selection. Intraoperatively,
acetabular shell over-sizing, acetabular bony deficits arising from acetabular reaming
and acetabular cup over-medialization are all conditions to avoid during a THA [1-3l.
Consequently, precise reaming and acetabular cup sizing must be estimated and
selected during the operation. Ben Lulu et al propounded the intra-operative
measurement of the femoral head as a tool for optimal acetabular size selection [l
Additionally, a single-center study by Munoz-Mahamud et al indicated that this simple
tool might demonstrate analogous validity and accuracy as preoperative digital
templating regarding determining the definitive implanted acetabular cup size in
primary THA P,

Perusing the existing literature, limited papers examine preoperative or intraoperative
methods for measuring acetabulum size and the correlations with implanted acetabular
cup size in primary THA. The current study’s objective is to scrutinize the association
between the intraoperative features of the last acetabular reamer utilized for the
acetabulum preparation and the final acetabular cup implanted contrasted to the
preoperative acetabular cup templating in primary THA and to bolster orthopaedic
surgeons’ intraoperative decision-making in terms of the selection of the final

acetabular component by providing a simple and repeatable technical note.

MATERIALS AND METHODS

After acquiring approval from our Institution’s review board, a prospective
observational single-center study was conducted in our department. From June 2021 to
December 2022, all patients admitted to our hospital for elective primary THA were
prospectively registered in a database and retrospectively reviewed. All operations
were performed by the same team of joint reconstruction surgeons, employing a typical
posterior hip approach technique. The types of acetabular shells implanted were: the
Dynasty® acetabular cup system (MicroPort Orthopedics, Shanghai, China) and the
R3® acetabular system (Smith & Nephew, Watford, UK), which both feature cementless




press-fit design. Data were recorded regarding demographics, body mass index (BMI),
comorbidities, indication for THA, hip approach, templated socket size, implanted cup
outer diameter and acetabular cup type. Patients with a history of
congenital /developmental hip deformity (Perthes’s disease, dysplasia), post-traumatic
osteoarthritis, severe osteoarthritis with large acetabular osteophytes, and acetabular
protrusion cases, were excluded from the study.

Our Institution’s picture archiving and communication system analyzed preoperative
and postoperative radiographs. Regarding preoperative planning, acetabular size
measurement was executed in traditional digital X-ray films (100% magnification) of
anteroposterior pelvic and hip lateral views. To calibrate the image, we utilized known
implanted femoral head component size. We then calculated the diameter of the
contralateral native acetabulum size, assuming that patients’ femoral heads were
generally symmetrical, apart from those with congenital/developmental hip
deformities, which were excluded. To bolster the reliability of the measures, all X-ray
films were examined by two of the authors. Each author performed three
measurements. The three calculations were averaged to create the final value for that
author. The average of the final values for each of the two authors was utilized as the
final measurement for the analysis.

The last acetabular bone reamer used was defined as the acetabular size indicator
reamer (ASIR), featuring a larger diameter than the acetabular rim, hence, not entering
freely into it without cutting bone first (Figure 1). The Pearson correlation coefficient (r)
was utilized to discover whether the reamer’s size correlated with the acetabular
component size. The correlation size (Pearson correlation coefficient) was interpreted
using the method delineated by Hinkle et al 4. The level of statistical significance was
set to p<0.05, and all analyses were executed with the assistance of commercially
available statistical software.

A conventional posterior approach was employed to expose the hip joint and
acetabulum in all cases. After following the standardized steps of the operation, the

acetabulum with bone reamers was prepared as described below: The first reamer




utilized was the smaller one (43mm), and then we continued by raising two numbers
until the size of 47-48mm. Until this point, all bone reamers enter the acetabulum cavity
freely without resistance from the acetabular rim’s periphery. Reaming preparation
starts from the acetabular fossa, while the reamers’ size is standardly rising
symmetrically to the acetabulum until the subchondral bone is exposed (Figure 2a,b).
From the following sizes of acetabular reamers, 50mm to 56mm, the acetabulum
periphery reaches a point where it is unattainable for the reamer to be inserted into the
acetabulum cavity unobstructed because the maximum diameter of the reamer is bigger
than that of the acetabular peripheral rim (Figure 2¢,d). This exact reamer is the last
used for the acetabular preparation after removing the acetabular bone periphery and
small osteophytes. The size of the first reamer that is not feasible to be placed entirely
into the acetabular cavity, gives us the size of the acetabular shell to implant (Figure
2d,e). This reamer has been defined as the ASIR. It is vitally important to underline that
if the acetabular reaming process is carried on after that point, necessary bone from the
acetabular periphery, acetabular rim, and the anterior and posterior walls is gradually

removed, which could affect the implanted acetabular shell’s primary support.

RESULTS
Out of 345 primary THAs performed, 263 cases ere included in our study that met the
inclusion criteria. The mean age of the patients was 68.1 years old (range 48-93). The
majority (59%) of the patients were female, whilst mean BMI was 28.3 Kg/m?2.
Indications for surgery were osteoarthritis (241 cases), ischemic necrosis of the femoral
head (9 cases) and femoral neck fracture (13 cases). We collected the data from the
templating measurements for every single case. We juxtaposed them with the size of the
final acetabular bone reamer (the ASIR) and the acetabular shell implanted. The mean
value of all cases was calculated and collated with each other. We distinguished as
oversized an implanted acetabular shell when its size was >2 mm larger than the size of

the ASIR or when the implanted shell was larger than 4 mm compared to the

preoperative planned cup. The median size of the implanted acetabular shell was 52




(48-54) mm, while the median size of the preoperatively planned cup was 50 (48-56)
mm, and the median size of the ASIR was 52 (50-54) mm (Table 1). The correlation
coefficient between ASIR size and implanted acetabular component size exhibited a
high positive correlation with r = 0.719 (p<0.001) (Graph 1).

Figure 3 depicts the correlation between the implanted acetabular shell and the
preoperatively planned cup and intraoperative reaming measurement. The size of
preoperatively planned cups precisely estimated the implanted shells” size or differed
by one size (2 mm) in 198 cases. Contrariwise, intraoperative ASIR measurements
precisely estimated the implanted cups’ size or differed by one size (2 mm) in 245 cases
(Table 2). The most frequently planned cup featured a 52 mm diameter in females,
while 54 mm was the size most regularly implanted in males. Finally, it is paramount to
accentuate that no alterations were discerned regarding the two types of acetabular
implants employed in the study.

A few limitations apply to our technical note. First of all, our study group was limited
to Caucasian patients living in Southern Europe. Furthermore, this technique may not
be so accurate in patients with extremely severe osteoarthritis or in atypical cases such
as congenital hip dysplasia. Finally, the technique was used by surgeons of the same

institution/ department and the postoperative follow-up was limited to 12 months.

DISCUSSION

Total hip arthroplasty aims for pertinent restoration of joint biomechanics. In terms of
preoperative planning, precise and reliable evaluation of the appropriate acetabular
component size is crucial. In general terms, the determination of the planned implant’s
size can be carried out by specific overlays on standard plain X-rays, digital templating
with or without the utilization of calibration to advanced imaging with EOS, computed
tomography (CT), magnetic resonance imaging (MRI), and and customized guides for
each patient (13l Conventional planning is considered at least as robust as digital
planning; however, contemporary literature is still contentious [°l. Anteroposterior (AP)

pelvic radiographs are customarily used in preoperative THA templating. Information




concerning the pelvis and contralateral hip anatomy enables the assessment of leg-
length discrepancies [6l. The evaluation of bony morphology, arthritic wear pattern, and
a proper implant design and size, is needed to restore joint’s biomechanics in present-
day THA [71. Sex, height and weight have all been indicated to be considerably
associated with implant size [5].

Regarding existing literature on acetabular offset, the well-established biomedical
theory of medialization appears as most prevalent for a better patient’s outcome. In this
case, the acetabular preparation consists of reaming down to the true floor, thus
medializing the hip’s rotation center and decreasing acetabular offset. This
medialization dwindles the body weight's lever arm during monopodial stance,
diminishing the resultant force on the femoral head if every anatomic formation is
intact [°l. Current literature focuses on reducing the acetabular offset in relation to the
femoral offset, extensive criticism of this guideline has been observed 101112, Thorough
preoperative planning may assist in avoiding excessive medialization of the acetabular
cup, which is correlated to inferior outcomes following THA [101. Orthopaedic surgeons
should ream the medial cotyloid cavity to the floor until a suitable component size for
implantation. This triggers medial and superior displacement of the hip’s rotational
center to achieve a comparatively normal acetabular offset and rotation center [°l.
Additionally, the exact preoperative planning reduces surgical time and number of
complications [312. Sharkey et al reported that acetabular shell oversizing might be
associated with enhanced rates of periprosthetic acetabular fractures, whilst
undersizing might be connected to early implant loosening arising from insufficient
press-fit [, An oversized cup has been implicated in postoperative pain deriving from
psoas impingement and anterior overhang ['311,

Regarding preoperative templating, predicting the definite implant size + one size is
regarded as acceptable ['2l. Templating accuracy has been proven to upgrade with the
training level of the surgeon [16l. PrevioE experience augments preoperative templating
performance, as clinicians accomplish proficiency in planning the acetabular cup size

after 50-100 attempts when a succinct algorithm and immediate feedback are provided




B, A direct correlation between radiographically measured native femoral head size

and implanted agetabular shell size, has been conjugated in primary THA 65l In
accordance with the literature, preoperative planning of acetabular component size
features a high level of accuracy, predicting the definite implant within + one size in
80% to 100% of cases [11-12 17191 A retrospective study of 277 patients undergoing
primary THA by Pfeufer et al revealed a relation between the acetabular component’s
size and radiographically measured contralateral native femoral head’s size, with a
discrepancy of 7mm [PPl. Moreover, digital radiographs’ templating accuracy i
predicting the implant size has been gauged and found to be sufficiently good [9l.
Nonetheless, digital templating demands special software provided by the companies.
As these digital templates exhibit confined availability, many centers worldwide have
halted templating prior to surgery. Therefore, surgeons incapable of procuring special
digital templating software can resort to the typical acetate templates on digital
radiographs [fl. Ben Lulu et al computed the femoral head’s size intraoperatively,
indicating a noteworthy association between the implanted shell’s diameter and the
removed femoral head’s diameter calculated with calipers. Moreover, they
recommended that measuring the femoral head’s diameter during surgery could be
applied as a considerable intraoperative monitoring tool and, along with preoperative
templating figures, may contribute to increased precision rates [1l. Additionally, Mufioz-
Mahamud et al drew the inference that measuring the femoral head’s size
intraoperatively is an uncomplicated and well-grounded method, availing surgeons
selecting the optimal acetabulahcomponent size, being as reliable as preoperative
templating regarding avoiding cup-oversizing in THA. Extreme caution is justified
when the cup reamer is > 4 mm than the native head’s anteroposterior diameter 1.

Even though these methods are considered established and adequate, it is exceedingly
salient to give prominence to the remaining space for refinement of the general
guidelines concerning assisting surgeons in opting for the right decision when
determining acetabular component size in primary THA. Moreover, inexperienced

surgeons may pronouncedly find it helpful defining the acetabular shell’s size.




Consequently, anybody involved in THA planning may reap the benefits from a simple
tool aiding in predicting implant sizing in THA. The robust correlation we detected
between the implanted acetabular shell’s size and the acetabular component’s size
selected from the preparation of the acetabulum with our method, with a median
difference of 2 mm, is of substantial clinical significance, as modern hip arthroplasty can
benefit from the use of advanced technology by improving its accuracy and ensuring

consistent and repeatable outcomes.

CONCLUSION

In our study, we demonstrated that the size of the first acetabular reamer not entering
freely in the acetabular rim corroborates the final acetabular component size to implant.
This was also corresponding in the majority of the cases with conventional preoperative
templating. It can be featured as a valid tool for avoiding the potentially pernicious
complications of acetabular cup over-reaming and over-sizing in primary THA. It is a
simple and reproducible technical note useful for confirming the predicted acetabular
cup size preoperatively; thus, its application could be considered routinely, even in

cases where preoperative templating is unavailable.
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