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Abstract
Background
Total hip arthroplasty (THA) is effective in the treatment of hip osteoarthritis. Radiographic evaluation,
standard in THA planning, is sufficient in examining hip anatomy, although it may not precisely assess bone
quality. A routinely implemented method in bone quality assessment is densitometry. The technique allows
for a measurement of bone mineral density (BMD).

Methodology
In the study, we included 26 participants who qualified for THA. All the patients were preoperatively
examined with radiographs and densitometry of the affected hip. On the preoperative anteroposterior
radiograph, we measured the canal-to-calcar isthmus ratio (CC ratio) and the cortical index (CI).
Intraoperatively, during the THA procedure, we measured the thickness of the cortical bone and the
diameter of the femoral neck in the line of neck resection.

Results
The examination with Pearson’s correlation coefficient revealed that BMD significantly positively correlates
with the intraoperatively measured diameter of the femoral neck (r = 0.5, P = 0.009), and with the measured
thickness of the cortical bone (r = 0.47, P = 0.015), CI significantly positively correlates with the
intraoperatively measured diameter of the femoral neck (r = 0.6, P = 0.001), and with the CC ratio (r = 0.44,
P = 0.024), the intraoperatively measured diameter of the femoral neck significantly positively correlates
with the intraoperatively measured thickness of the cortical bone (r = 0.59, P = 0.001). All of the other
correlations were not statistically significant.

Conclusions
BMD measurements can be used in THA planning as they positively correlate with intraoperative
measurements. The radiological parameters (CC ratio and CI) may not be as precise in bone quality
assessment.

Categories: Orthopedics, Trauma
Keywords: osteoarthritis, preoperative planning, tha, total hip arthroplasty, densitometry

Introduction
Osteoarthritis (OA) is the most common type of arthritis affecting human joints [1]. It is estimated that
approximately 7% of adults older than 25 years report the symptoms of OA [2]. The disease is a serious
problem since it remarkably decreases the patient’s quality of life even though it may be underestimated by
healthcare professionals [3]. Fortunately, when it comes to end-stage hip OA, we can offer help to the
patients in the form of total hip arthroplasty (THA). The procedure is well proven to improve the quality of
life and clinical outcomes both in the long and short term after the operation [4,5]. In addition, THA is an
effective procedure, with patients reporting high postoperative satisfaction levels [6,7].

Such optimistic outcomes may be achieved thanks to proper preoperative planning and implant choice [8].
Nowadays, in THA, we can utilize various types of implants. When it comes to placement methods, we can
use cementless or cemented implants. In addition, we can choose from different sizes of implant
components and stem lengths to achieve optimal combinations. Finally, in some cases, we can incorporate
variations from the classic method such as dual-mobility THAs. This variety of options requires the surgeon
to carefully assess the preoperative setup, to plan an adequate treatment strategy.
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There are several methods utilized in THA preoperative planning. The standard method is the radiographic
evaluation that includes an anteroposterior (AP) radiograph of the pelvis, an AP radiograph of the hip, and
an axial radiograph of the hip. In most patients, such imaging allows for a complete review [8]. In some
cases, such as dysplasia of the hip, bone deficiency, or postoperative changes, implementing a computed
tomography (CT) examination in the planning might be necessary since the technique allows for more
accurate three-dimensional visualization of the anatomical structures. Some surgeons decide to utilize
artificial intelligence in analyzing the imaging [9]. However, to our knowledge, such methods are not as
common as classic radiographic evaluation.

The aforementioned methods are sufficient in examining the preoperative hip anatomy. Although
concerning the bone tissue quality assessment, they might not be precise enough.

The optimal implant choice is based not only on the density of the bone in the proximal femur region but
also on the relation between the thickness of the cortical bone and the cancellous bone [10,11]. A traditional
radiograph does not allow to gather all of the particular information.

These additional data may seem unnecessary. Considering that, in many cases, the final implant choice is
based on intraoperative assessment, we can assume that the additional data might be useful in preoperative
planning [8].

A routinely implemented method in bone quality assessment is densitometry. The technique allows for a
precise measurement of bone mineral density (BMD). The quantified data, presenting the BMD of the
proximal femur, acquired priorly to THA may help the surgeon to choose an optimal implant for the patient.

Based on our experience, cases where the surgeon has to change the previously planned implant
intraoperatively due to the discrepancy between the preoperative and intraoperative bone quality
assessment are not uncommon. To avoid such situations we decided to examine several techniques that give
information about the bone quality in the proximal femur region.

The study aims to compare the methods of bone quality assessment in the proximal femur region: BMD
measurements acquired with densitometry, radiological findings, and intraoperative findings during THA.

Materials And Methods
The study was conducted in the Department of Orthopedics, Pediatric Orthopedics, and Traumatology in the
Gruca Teaching Hospital, Otwock, Poland, in the years 2022 and 2023. The participants were the patients
qualified for the THA procedure. In the study, we included a group of 26 participants - 10 women and 16
men. The age of the patients was between 27 and 78 years. Before the operation, all the patients were
examined with an AP radiograph of the pelvis, AP and axial radiographs of the hips, and the densitometry of
the affected hip with the dual-energy X-ray absorptiometry (DXA) method. The DXA examination was
performed in the horizontal position, with patients lying on their backs. The DXA scanner was calibrated
every day before the measurements with the quality assurance block. All the patients qualified for the
procedure were diagnosed with hip joint OA, and none of the patients were diagnosed with osteoporosis. We
ruled out osteoporosis by assessing the T-score of the patients. Patients with a T-score below -2.5 were
excluded from the study. The average T-score of the patients was -0.16 (standard deviation [SD] = 1.06), the
minimal value noted was -1.6 and the maximal value noted was 3.8.

Additionally, to assess the relations between the cortical and the cancellous bone, on the preoperative AP
radiograph of the affected hip, we measured the following:

- The canal-to-calcar isthmus ratio (CC ratio): To obtain this measurement, the reference line was drawn
throughout the apex of the lesser trochanter. Next, we drew a line 3 cm below the reference line. On this
line, we identified two points of the endosteal margin of the femur. Finally, we drew a line 10 cm below the
reference line. On this line, we also identified two points of the endosteal margin of the femur. All the lines
mentioned above were drawn perpendicularly to the long axis of the femur. Next, we marked the lateral and
the medial endosteal lines by connecting the previously identified lateral and medial points of the endosteal
margin. After doing so we identified the distance (X) defined as the distance between two points of the
endosteal margin of the femur on the line 10 cm below the reference line and the distance (Y) defined as the
distance between points where the lines created by connecting the lateral and the medial points of the
endosteal margin cross the reference line. The CC ratio was calculated by dividing the distance (X) by the
distance (Y).

- The cortical index (CI): To obtain this measurement, the reference line was drawn throughout the apex of
the lesser trochanter. Next, we drew a line 10 cm below the reference line. On this line, we identified the
distance (X) between two points of the endosteal margin of the femur and the distance (Z) between two
periosteal surfaces. All the lines were drawn perpendicularly to the long axis of the femur. The CI was
calculated by dividing the difference between the distance (Z) and the distance (X) by the distance (Z).
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All the measurements were made with the method previously described by Dorr et al. [12]. We depicted our
measurements in Figure 1.

2024 Żarnowska et al. Cureus 16(3): e55480. DOI 10.7759/cureus.55480 3 of 10

javascript:void(0)
javascript:void(0)


FIGURE 1: Representation of the radiological measurements taken in
the study.
All the measurements were made according to the method previously described by Dorr et al. [10]. In the
preoperative AP radiograph of the affected hip, we identified three lines perpendicular to the long axis of the
femur: the reference line crossing the apex of the lesser trochanter, the line 3 cm below the reference line, and the
line 10 cm below the reference line. On both the line 3 cm and the line 10 cm below the reference line, we
identified two points along the endosteal margin of the femur. By connecting the lateral and the medial points of the
endosteal margin we identified the lateral and the medial endosteal lines. Next, we identified three distances: the
distance (X) between two points of the endosteal margin of the femur on the line 10 cm below the reference line,
the distance (Y) between the points where the lateral and the medial endosteal lines cross the reference line and
the distance (Z) between two periosteal surfaces on the line 10 cm below the reference line. CC ratio was
calculated by dividing the distance (X) by the distance (Y). CI was calculated by dividing the difference between
the distance (Z) and the distance (X) by the distance (Z).

CI, cortical index; CC, canal-to-calcar isthmus
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The intraoperative measurements were made during the THA procedure. We measured the thickness of the
cortical bone and the diameter of the femoral neck in the line of neck resection standard for the implant
with the long or medium-length stem. The measurements were made in millimeters using a caliper.

All the numerical data were collected and stored in the anonymized form in Microsoft Excel. The data
supporting the findings of this study can be provided by the corresponding author upon reasonable request.

Statistical analysis of the data was performed using Statistica Version 13.3 for Windows (TIBCO Software
Inc., Palo Alto, CA). The normal distribution of the parameters was checked using the Shapiro-Wilk test.
After proving normal data distribution, we used Pearson’s correlation coefficient to examine the
relationship between the variables.

The procedures performed were in accordance with the ethical standards of the Institutional Review Board
(IRB) as well as with the 1964 Helsinki Declaration and its later amendments. Informed consent was
obtained from all individual participants included in the study. The study was approved by the Bioethics
Committee of the Center of Postgraduate Medical Education in Warsaw, Poland (May 12, 2021/No. 41/2021).

Results
We analyzed the relations between the age of the patients, CC ratio, Cl, BMD, intraoperatively measured
diameter of the femoral neck in the line of neck resection, and intraoperatively measured thickness of the
cortical bone in the line of neck resection. As mentioned earlier, we used Pearson’s correlation coefficient to
examine the relations minding normal data distribution.

The overview of the most important baseline characteristics of data is given in Table 1.

Baseline
characteristics

Age
(years)

Intraoperatively measured diameter of the
femoral neck in the line of neck resection
(mm)

Intraoperatively measured thickness of the
cortical bone in the line of neck resection
(mm)

BMD

(g/cm2)

Average 63.58 39.73 5.04 0.98

Median 64.00 40.00 5.00 0.98

Standard
deviation

10.67 4.29 2.07 0.18  

Minimum 27.00 31.00 2.00 0.59

Maximum 78.00 49.00 10.00 1.34  

Number of
observations

26.00 26.00 26.00 26.00  

TABLE 1: Baseline characteristics.
In the table, we included the details of the most important parameters measured in our study to give a better insight into the data. We listed the average
value, median, standard deviation, minimal value, maximal value, and the number of observations of the following parameters: the age of the patients,
intraoperatively measured diameter of the femoral neck in the line of neck resection, the intraoperatively measured thickness of the cortical bone in the
line of neck resection, and BMD.

BMD, bone mineral density

Examination of the relations between the parameters revealed the following:
-BMD significantly positively correlates with the intraoperatively measured diameter of the femoral neck in
the line of neck resection (r = 0.5, P = 0.009).
-BMD significantly positively correlates with the intraoperatively measured thickness of the cortical bone in
the line of neck resection (r = 0.47, P = 0.015).
-CI significantly positively correlates with the intraoperatively measured diameter of the femoral neck in
the line of neck resection (r = 0.6, P = 0.001).
-The intraoperatively measured diameter of the femoral neck in the line of neck resection significantly
positively correlates with the intraoperatively measured thickness of the cortical bone in the line of neck
resection (r = 0.59, P = 0.001).
-CI significantly positively correlates with the CC ratio (r = 0.44, P = 0.024).

The overview of the statistically significant relations between the parameters is presented in Table 2.
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Parameter 1 Parameter 2
Pearson’s correlation
coefficient (r)

P-
value

BMD
Intraoperatively measured diameter of the femoral
neck in the line of neck resection

0.5 0.009

BMD
Intraoperatively measured thickness of the cortical
bone in the line of neck resection

0.47 0.015

CI
Intraoperatively measured diameter of the femoral
neck in the line of neck resection

0.6 0.001

Intraoperatively measured diameter of the femoral
neck in the line of neck resection

Intraoperatively measured thickness of the cortical
bone in the line of neck resection

0.59 0.001

CI CC ratio 0.44 0.024

TABLE 2: Statistically significant correlations.
In the table, we included the statistically significant correlations between the parameters measured in our study to provide a better understanding of the
results.

BMD, bone mineral density; CI, cortical index

All of the other correlations between the age of the patients, CC ratio, Cl, BMD, intraoperatively measured
diameter of the femoral neck in the line of neck resection, and intraoperatively measured thickness of the
cortical bone in the line of neck resection were not statistically significant.

All the correlations and their statistical significance are listed in Table 3.
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Correlations
Age
(years)

Intraoperatively measured
diameter of the femoral
neck in the line of neck
resection (mm)

Intraoperatively measured
thickness of the cortical
bone in the line of neck
resection (mm)

CC
ratio

CI
BMD

(g/cm2)

Age (years)

Pearson’s
correlation
coefficient
(r)

 -0.130 -0.037 0.304 0.129 0.085

Statistical
significance
(P)

 0.527 0.856 0.132 0.531 0.679

Intraoperatively measured
diameter of the femoral
neck in the line of neck
resection (mm)

Pearson’s
correlation
coefficient
(r)

-0.130  0.591 0.192 0.597 0.502

Statistical
significance
(P)

0.527  0.001 0.348 0.001 0.009

Intraoperatively measured
thickness of the cortical
bone in the line of neck
resection (mm)

Pearson’s
correlation
coefficient
(r)

-0.037 0.591  0.124 0.225 0.472

Statistical
significance
(P)

0.856 0.001  0.546 0.268 0.015

CC ratio

Pearson’s
correlation
coefficient
(r)

0.304 0.192 0.124  0.441 -0.255

Statistical
significance
(P)

0.132 0.348 0.546  0.024 0.208

CI

Pearson’s
correlation
coefficient
(r)

0.129 0.597 0.225 0.441  0.080

Statistical
significance
(P)

0.531 0.001 0.268 0.024  0.699

BMD (g/cm2)

Pearson’s
correlation
coefficient
(r)

0.085 0.502 0.472
-
0.255

0.080  

Statistical
significance
(P)

0.679 0.009 0.015 0.208 0.699  

TABLE 3: Correlations.
In the table, we present the correlations between all of the parameters measured in our study: the age of the patients, intraoperatively measured diameter
of the femoral neck in the line of neck resection, intraoperatively measured thickness of the cortical bone in the line of neck resection, CC ratio, Cl, and
BMD. The correlations were examined using Pearson’s correlation coefficient (r).

BMD, bone mineral density; CI, cortical index; CC, canal-to-calcar isthmus
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Discussion
BMD in the THA perioperative period is an issue frequently discussed in the literature. The patients included
in our study had a mean BMD value of 0.98 (SD=0.18), measured with DXA. The results of our study suggest
that BMD significantly positively correlates with the intraoperatively measured diameter of the femoral
neck in the line of neck resection (r = 0.5, P = 0.009) and with the measured thickness of the cortical bone in
the line of neck resection (r = 0.47, P = 0.015). Furthermore, the CI significantly positively correlates with the
intraoperatively measured diameter of the femoral neck in the line of neck resection (r = 0.6, P = 0.001). We
also noted a significant positive correlation between the intraoperatively measured diameter of the femoral
neck in the line of neck resection and the intraoperatively measured thickness of the cortical bone in the
line of neck resection (r = 0.59, P = 0.001) as well as a significant positive correlation between CI and CC
ratio (r = 0.44, P = 0.024). All of the other correlations between the age of the patients, CC ratio, Cl, BMD,
intraoperatively measured diameter of the femoral neck in the line of neck resection, and intraoperatively
measured thickness of the cortical bone in the line of neck resection were not statistically significant.

The authors proposed and examined several methods of measuring the BMD of the patients.

The technique utilized in our study is DXA. The method measures the quantity of X-ray beam that is
attenuated by the examined bone region. DXA has several advantages such as a short time of examination,
minor patients’ exposure to radiation, broad availability, and affordability [13,14]. There are even some
studies suggesting to include the DXA as a routine examination before THA [15]. On the other hand, the
examination can be distorted by artifacts, and it is unable to differentiate the bone cortex from the
cancellous bone [13,14]. Nevertheless, to our knowledge, the DXA is one of the most commonly used
techniques to measure BMD in studies in a similar interest area [15-18].

BMD can also be assessed on CT scans. The authors of the studies employing this method describe its major
advantage which is the ability to examine the BMD three-dimensionally. The technique allows for insights
into the spatial bone quality and its assessment. Although the CT examination comes with considerable
radiation exposure. Even a low-dose CT, utilized in some studies, is not deprived of this disadvantage
[14,19,20].

Some authors evaluate other methods in BMD assessment. Klotz et al. compared the trabecular torque
measurements with DXA and CT measurements in the study conducted on frozen human femurs. The
authors claimed that the method utilizing torque sensors is safe and that it can provide valuable data about
bone quality. Nevertheless, they concluded that the technique needs further examination before its clinical
use [21].

The timing of BMD measurement varies based on the study's design and protocol. We decided to measure the
patients preoperatively. This way, we will be able to observe the changes in the BMD and compare the pre- to
postoperative values in further research. We were not the only authors who have chosen to conduct the study
with the preoperative BMD measurement before THA [15,16,19,20]. However, in some studies, the
measurement was made only postoperatively [17,18]. This protocol gives useful insights into the
postoperative changes in the BMD, although it deprives the reader of the context that would be given if the
postoperative data were supported by preoperative values.

When it comes to comparing our results with the other studies concentrated on measuring the BMD in the
THA perioperative period, we can point out some differences and similarities. In their prospective
study, Sariali et al. reported that the preoperatively measured BMD can be a predictor for the short-term
patient-reported results [20]. In this phase, our study was not concentrated on the patient-reported
outcomes, so we cannot make a definite statement in this matter. For now, we cannot confirm if the
findings of our study correlate with the patient’s satisfaction because we have not gathered such
information. Examination of this relation should be the point of the following studies. In the retrospective
study conducted by Delsmann et al., the authors suggested that DXA measurements ought to be included in
a routine procedure before THA. The statement was supported by the results. Among 268 elderly (>70 years)
patients, 49 were diagnosed with osteoporosis [15]. In our study, we have not noted any patients with
osteoporosis. This may be due to the small sample size. Another reason for the discrepancy may be that the
age of the participants of the previously mentioned study was above 70 years, so osteoporosis was more
common, whereas in our study, we included younger patients. Other studies with a younger study group
seemed to report a lower percentage of patients with osteoporosis. Mühlenfeld et al. in their retrospective
study examined 25 patients who underwent total knee arthroplasty (TKA) and another 25 patients who
underwent THA. The author measured the patient’s BMD with DXA. The results state that despite the
younger age the rate of osteoporosis was higher in the TKA group than in the THA group (32% vs. 12%) [16].

Our study has several advantages when compared to the literature concentrated on similar topics. First, the
patients for our study were recruited prospectively and were examined with the DXA before the operation,
which will allow for further observation and comparison in the future. Second, the study is based on the DXA
measurements, a technique that is safe, affordable, widely available, and commonly used to assess the BMD.
Consequently, the results can be easily compared to those of other studies. Next, in the study, we utilized
the CI and CC ratio, which allows us to assess the relation between the cortex and the cancellous bone
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contrary to DXA, which cannot differentiate the cortex from the cancellous bone.

In the matter of the limitations of our study, we recognize some points. First, the size of the study group
could be larger. However, when comparing it to recently published studies from a similar interest area, there
is no discrepancy in the number of examined patients [16,19]. Second, the measurements with the DXA
technique did not allow for the assessment of the bone quality three-dimensionally. That is a disadvantage
when comparing our study to the ones utilizing CT in measuring BMD. However, we did not want to
compromise the patient’s health by exposing them to the radiation that is exceedingly higher in the CT than
in the DXA method. Finally, the surgeries in our study were performed by the same surgeon with the same
technique. Nevertheless, the angle of cut in the femoral neck resection might have been slightly different
between the patients which could have affected the measurement of the thickness of cortical bone. Perhaps
a study utilizing robotic-assisted THA would be more accurate when it comes to a standardized angle of cut
in the femoral neck resection.

Conclusions
BMD measurements can be used in THA preoperative planning to assess bone quality, as they significantly
and positively correlate with intraoperative measurements, including the diameter of the femoral neck and
the measured thickness of the cortical bone in the line of neck resection. CI significantly and positively
correlates with the intraoperatively measured diameter of the femoral neck. However, it does not exhibit a
significant correlation with the intraoperatively measured thickness of the cortical bone in the line of neck
resection. The CC ratio does not significantly correlate with either the intraoperatively measured diameter
of the femoral neck or the intraoperatively measured thickness of the cortical bone in the line of neck
resection.

Additional Information
Author Contributions
All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design:  Bartłomiej Wilk, Iga Żarnowska, Milena Chilińska, Kamil Kołodziejczyk, Rafał
Garlewicz, Marcin Zlotorowicz

Acquisition, analysis, or interpretation of data:  Bartłomiej Wilk, Iga Żarnowska, Milena Chilińska,
Kamil Kołodziejczyk, Marcin Zlotorowicz

Drafting of the manuscript:  Bartłomiej Wilk, Iga Żarnowska, Milena Chilińska, Kamil Kołodziejczyk, Rafał
Garlewicz, Marcin Zlotorowicz

Critical review of the manuscript for important intellectual content:  Bartłomiej Wilk, Iga Żarnowska,
Marcin Zlotorowicz

Supervision:  Bartłomiej Wilk, Iga Żarnowska, Marcin Zlotorowicz

Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. The Bioethics Committee
of the Centre of Postgraduate Medical Education, Warsaw, Poland issued approval No. 41/2021. Animal
subjects: All authors have confirmed that this study did not involve animal subjects or tissue. Conflicts of
interest: In compliance with the ICMJE uniform disclosure form, all authors declare the following:
Payment/services info: All authors have declared that no financial support was received from any
organization for the submitted work. Financial relationships: All authors have declared that they have no
financial relationships at present or within the previous three years with any organizations that might have
an interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

References
1. Lawrence RC, Felson DT, Helmick CG, et al.: Estimates of the prevalence of arthritis and other rheumatic

conditions in the United States. Part II. Arthritis Rheum. 2008, 58:26-35. 10.1002/art.23176
2. Deshpande BR, Katz JN, Solomon DH, et al.: Number of persons with symptomatic knee osteoarthritis in the

US: impact of race and ethnicity, age, sex, and obesity. Arthritis Care Res (Hoboken). 2016, 68:1743-50.
10.1002/acr.22897

3. Bernad-Pineda M, de Las Heras-Sotos J, Garcés-Puentes MV: Quality of life in patients with knee and hip
osteoarthritis. Rev Esp Cir Ortop Traumatol. 2014, 58:283-9. 10.1016/j.recot.2014.04.005

4. Neuprez A, Neuprez AH, Kaux JF, et al.: Early clinically relevant improvement in quality of life and clinical
outcomes 1 year postsurgery in patients with knee and hip joint arthroplasties. Cartilage. 2018, 9:127-39.
10.1177/1947603517743000

2024 Żarnowska et al. Cureus 16(3): e55480. DOI 10.7759/cureus.55480 9 of 10

javascript:void(0)
https://dx.doi.org/10.1002/art.23176
https://dx.doi.org/10.1002/art.23176
https://dx.doi.org/10.1002/acr.22897
https://dx.doi.org/10.1002/acr.22897
https://dx.doi.org/10.1016/j.recot.2014.04.005
https://dx.doi.org/10.1016/j.recot.2014.04.005
https://dx.doi.org/10.1177/1947603517743000
https://dx.doi.org/10.1177/1947603517743000


5. Neuprez A, Neuprez AH, Kaux JF, et al.: Total joint replacement improves pain, functional quality of life,
and health utilities in patients with late-stage knee and hip osteoarthritis for up to 5 years. Clin Rheumatol.
2020, 39:861-71. 10.1007/s10067-019-04811-y

6. Mancuso CA, Salvati EA, Johanson NA, Peterson MG, Charlson ME: Patients' expectations and satisfaction
with total hip arthroplasty. J Arthroplasty. 1997, 12:387-96. 10.1016/s0883-5403(97)90194-7

7. Learmonth ID, Young C, Rorabeck C: The operation of the century: total hip replacement . Lancet. 2007,
370:1508-19. 10.1016/s0140-6736(07)60457-7

8. Della Valle AG, Padgett DE, Salvati EA: Preoperative planning for primary total hip arthroplasty . J Am Acad
Orthop Surg. 2005, 13:455-62. 10.5435/00124635-200511000-00005

9. Huo J, Huang G, Han D, et al.: Value of 3D preoperative planning for primary total hip arthroplasty based on
artificial intelligence technology. J Orthop Surg Res. 2021, 16:156. 10.1186/s13018-021-02294-9

10. Leiss F, Goetz JS, Schindler M, et al.: Influence of bone mineral density on femoral stem subsidence after
cementless THA. Arch Orthop Trauma Surg. 2024, 144:451-8. 10.1007/s00402-023-05006-6

11. Frangie R, Wagstaff PD, Ismaily SK, Han S, Rodriguez-Quintana D, Noble PC: The length of diaphyseal
contact of tapered fluted stems is highly dependent on canal morphology. J Arthroplasty. 2022, 37:S697-
702. 10.1016/j.arth.2022.03.041

12. Dorr LD, Faugere MC, Mackel AM, Gruen TA, Bognar B, Malluche HH: Structural and cellular assessment of
bone quality of proximal femur. Bone. 1993, 14:231-42. 10.1016/8756-3282(93)90146-2

13. Watts NB: Fundamentals and pitfalls of bone densitometry using dual-energy X-ray absorptiometry (DXA) .
Osteoporos Int. 2004, 15:847-54. 10.1007/s00198-004-1681-7

14. Pitto RP, Mueller LA, Reilly K, Schmidt R, Munro J: Quantitative computer-assisted osteodensitometry in
total hip arthroplasty. Int Orthop. 2007, 31:431-8. 10.1007/s00264-006-0257-x

15. Delsmann MM, Strahl A, Mühlenfeld M, Jandl NM, Beil FT, Ries C, Rolvien T: High prevalence and
undertreatment of osteoporosis in elderly patients undergoing total hip arthroplasty. Osteoporos Int. 2021,
32:1661-8. 10.1007/s00198-021-05881-y

16. Mühlenfeld M, Strahl A, Bechler U, Jandl NM, Hubert J, Rolvien T: Bone mineral density assessment by DXA
in rheumatic patients with end-stage osteoarthritis undergoing total joint arthroplasty. BMC Musculoskelet
Disord. 2021, 22:173. 10.1186/s12891-021-04039-5

17. Hayashi S, Hashimoto S, Kanzaki N, Kuroda R, Kurosaka M: Daily activity and initial bone mineral density
are associated with periprosthetic bone mineral density after total hip arthroplasty. Hip Int. 2016, 26:169-
74. 10.5301/hipint.5000320

18. Craiovan B, Wörner M, Maderbacher G, Grifka J, Renkawitz T, Keshmiri A: Difference in periprosthetic
acetabular bone mineral density: Prior total hip arthroplasty: Osteonecrosis of the femoral head versus
primary osteoarthritis. Orthop Traumatol Surg Res. 2015, 101:797-801. 10.1016/j.otsr.2015.08.006

19. Gaujac N, Sariali E, Grimal Q: Does the bone mineral density measured on a preoperative CT scan before
total hip arthroplasty reflect the bone's mechanical properties?. Orthop Traumatol Surg Res. 2023,
109:103348. 10.1016/j.otsr.2022.103348

20. Sariali E, Gaujac N, Grimal Q, Klouche S: Pre-operative bone mineral density is a predictive factor for
excellent early patient-reported outcome measures in cementless total hip arthroplasty using a proximally
fixed anatomic stem. A prospective study at two year minimum follow-up. Int Orthop. 2020, 44:2253-9.
10.1007/s00264-020-04683-x

21. Klotz MC, Beckmann NA, Bitsch RG, Seebach E, Reiner T, Jäger S: Bone quality assessment for total hip
arthroplasty with intraoperative trabecular torque measurements. J Orthop Surg Res. 2014, 9:109.
10.1186/s13018-014-0109-0

2024 Żarnowska et al. Cureus 16(3): e55480. DOI 10.7759/cureus.55480 10 of 10

https://dx.doi.org/10.1007/s10067-019-04811-y
https://dx.doi.org/10.1007/s10067-019-04811-y
https://dx.doi.org/10.1016/s0883-5403(97)90194-7
https://dx.doi.org/10.1016/s0883-5403(97)90194-7
https://dx.doi.org/10.1016/s0140-6736(07)60457-7
https://dx.doi.org/10.1016/s0140-6736(07)60457-7
https://dx.doi.org/10.5435/00124635-200511000-00005
https://dx.doi.org/10.5435/00124635-200511000-00005
https://dx.doi.org/10.1186/s13018-021-02294-9
https://dx.doi.org/10.1186/s13018-021-02294-9
https://dx.doi.org/10.1007/s00402-023-05006-6
https://dx.doi.org/10.1007/s00402-023-05006-6
https://dx.doi.org/10.1016/j.arth.2022.03.041
https://dx.doi.org/10.1016/j.arth.2022.03.041
https://dx.doi.org/10.1016/8756-3282(93)90146-2
https://dx.doi.org/10.1016/8756-3282(93)90146-2
https://dx.doi.org/10.1007/s00198-004-1681-7
https://dx.doi.org/10.1007/s00198-004-1681-7
https://dx.doi.org/10.1007/s00264-006-0257-x
https://dx.doi.org/10.1007/s00264-006-0257-x
https://dx.doi.org/10.1007/s00198-021-05881-y
https://dx.doi.org/10.1007/s00198-021-05881-y
https://dx.doi.org/10.1186/s12891-021-04039-5
https://dx.doi.org/10.1186/s12891-021-04039-5
https://dx.doi.org/10.5301/hipint.5000320
https://dx.doi.org/10.5301/hipint.5000320
https://dx.doi.org/10.1016/j.otsr.2015.08.006
https://dx.doi.org/10.1016/j.otsr.2015.08.006
https://dx.doi.org/10.1016/j.otsr.2022.103348
https://dx.doi.org/10.1016/j.otsr.2022.103348
https://dx.doi.org/10.1007/s00264-020-04683-x
https://dx.doi.org/10.1007/s00264-020-04683-x
https://dx.doi.org/10.1186/s13018-014-0109-0
https://dx.doi.org/10.1186/s13018-014-0109-0

	Bone Quality Assessment Before Total Hip Arthroplasty: The Role of Densitometry
	Abstract
	Background
	Methodology
	Results
	Conclusions

	Introduction
	Materials And Methods
	FIGURE 1: Representation of the radiological measurements taken in the study.

	Results
	TABLE 1: Baseline characteristics.
	TABLE 2: Statistically significant correlations.
	TABLE 3: Correlations.

	Discussion
	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


