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Abstract: Background and Objectives: Our study aimed to radiologically assess the morphology of
the proximal femur in patients with avascular necrosis (AVN). We considered that the correct eval-
uation of the proximal femur morphology is essential and shows multiple clinical applications that
can impact patient recovery and outcome. Materials and Methods: Our study included 177 patients
(85 male and 92 female) with AVN regardless of the degree. The patients were assessed by bilateral
hip X-ray in the supine position. We selected the most common radiographic parameters to evaluate
for all patients: cortical thickness index (CTI), canal flare index (CFI), calcar-to-canal ratio (CCR),
and morphological cortical index (MCI). Results: Average values for the parameters were: CTI =
0.5192 +0.07528, CFI=3.5515 + 0.5071, CCR = 0.4469 + 0.05363 and MCI = 2.7572 + 0.07704. We found
no statistically significant differences between genders, except for CFI (p = 0.0325). Conclusions: The
anatomical configuration of the proximal femur can play a major role in the process of planning the
appropriate implant for total hip arthroplasty, as well as in the proper positioning of the implant
during the surgical procedure. A thorough knowledge of the proximal femur morphology can be of
great use to the orthopedic surgeon and may help decrease perioperative complications.

Keywords: Radiology; morphometry; anatomical variation; avascular necrosis; orthopedics; arthro-
plasty; rehabilitation.

Introduction

Avascular necrosis (AVN) of the femoral head, also known as osteonecrosis of the
femoral head, avascular aseptic necrosis or ischemic bone necrosis is a result of disrupted
blood flow to the bone cells within the femoral head [1,2]. The literature data presents
different prevalence rates worldwide, with rates of 5,97% in the USA database of all total
hip arthroplasty (THA) performed, while in India the prevalence was much higher, reach-
ing 51,8% [3].
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Femoral head AVN may be caused by trauma, metabolic, or other chronic conditions
that cause vascular supply cut-off to the proximal femur [4,5]. AVN usually affects
younger patients, and the most widely used treatment for AVN of the femoral head is
THA [6].

THA is an increasingly common therapeutic surgical procedure that improves func-
tion, alleviates pain, and restores the patient’s quality of life [7]. While multiple techniques
and surgical approaches have been described, all procedures rely on a thorough under-
standing of patient anatomy, good visualization of the hip, and adequate preoperative
planning [8-10]. Various studies have evaluated potential predictors of the long-term ef-
fects of THA and have concluded that, among other factors, good implant positioning is
crucial in obtaining good implant survivability [11,12]. It was previously shown that
properly assessing the morphologic features of the joint elements is essential in reducing
perioperative complications and selecting the proper prosthetic [13,14]. Also, some ana-
tomical variants may increase the risk of osteoarthritis and postoperative complications,
as previously shown by other studies [15-18].

Variations in the morphology of the femur influence the choice of prosthetic for THA,
especially in terms of implant size, but also in regard to neck length and alignment [19].
Multiple morphological parameters can be assessed preoperatively in order to conduct
proper planning and choose the ideal prosthetic for each surgical case. Our study aims to
assess the most commonly described radiographical morphological parameters of the
proximal femur in a cohort of patients with AVN. In this regard, we evaluated the bone
quality of patients planned to undergo THA using radiological markers such as CTI (cor-
tical thickness index), CFI (canal flare index), CCR (calcar-to-canal ratio), MCI (morpho-
logical cortical index), since these are the most used parameters in the literature and we
aimed to describe the correlation between radiological findings, implant prognosis and
functional outcome.

2. Materials and Methods

Our retrospective study includes 177 patients with femoral avascular necrosis who
were assessed in the “Foisor” Clinical Hospital of Orthopaedics, Traumatology, and Os-
teoarticular TB between April 2022 and April 2023. We included patients who reported to
our ambulatory care unit for chronic hip pain and showed radiographic signs of AVN on
the bilateral hip X-ray. We excluded patients with femoral fractures, hip dysplasia, bone
tumors, or septic osteoarthritis. The patients agreed to participate in this study and signed
an informed consent. The research was conducted in accordance with the Declaration of
Helsinki from 1964 and its later amendments. The study was approved by the “Foisor”
Clinical Hospital of Orthopaedics, Traumatology, and Osteoarticular TB Ethical Council
with registration number no. 5207/29.05.2023.

Each patient was submitted to a bilateral hip X-ray using a DigitalDiagnost R3.1 sys-
tem (Philips Medical Systems, Amsterdam, Netherlands). The patient was positioned su-
pine in suspended respiration with approximately 15 degrees medial rotation of feet and
approximately 20 cm between heels. All images were stored and accessed through the
hospital picture archiving and communication system. The images were viewed on an
imaging workstation using a dedicated radiology monitor and software.

The following parameters were recorded for each patient. Cortical thickness index,
defined as the ratio between the difference of the cortical and endosteal diameters and the
cortical diameter at 10 cm below the tip of the lesser trochanter. Canal flare index, defined
as the ratio between the endosteal diameter at the level of the isthmus (10 cm below the
tip of the lesser trochanter) and the femur diameter 2 cm above the lesser trochanter. Cal-
car-to-canal ratio, defined as the ratio between the endosteal diameter 10 cm below the tip
of the lesser trochanter and the endosteal diameter at the tip of the lesser trochanter. Mor-
phological cortical index, defined as the ratio between the total width of the femur at the
tip of the lesser trochanter and the endosteal diameter 7 cm below the tip of the lesser
trochanter (Figure 1). The score of hip osteonecrosis was assessed in each patient using
the Steinberg classification [20].
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Figure 1 Demonstration of measurements for cortical thickness index (CT1I), canal flare index (CFI),
calcar-to-canal ratio (CCR) and morphological cortical index (MCI) on an X-ray, for the right hip (a)
in a patient with avascular necrosis stage 3 according to Steinberg. A: Width of canal 2 cm proximal
to the lesser trochanter, B: External width at the level of the tip of the lesser trochanter (reference
line), C: Internal width at the level of the lesser trochanter, D: Internal width at 7 cm below the
reference line B, E: External width at 10 cm below the reference line B, F: Internal width at 10 cm
below the reference line B, CTI=F/E, CFI=A/F, CCR=F/C, MCI=B/D. For the same patient, a com-
puted-tomography (CT) virtual rendering reconstruction of the same hip is presented to depict the
main bony features for demonstrative purposes (b); note that the patient underwent the CT scan for
distinct medical reasons related to the contralateral hip.

The statistical analysis was performed using MedCalc Version 14.8.1 64-bit medical
statistics software. The distribution of data was tested for normality using the Shapiro-
Wilk test and the comparison between means was performed using independent samples
two-sided t-test after performing an F-test. If the F-test showed unequal variances, a Welch
test was used instead.

3. Results

The study lot included 85 male and 92 female patients aged between 31 and 82 years
old. The average age was 64.30 + 9.84 years. Further demographic data, as well as a gender
comparison, is presented in Table 1.

Table 1. Demographic data of the patients included in the study lot.

Parameter Male Female
(n=85) (n=92) P value
Age 64.80+9.71 63.75 +10.02 0.4793
Body mass index 28.78 +3.19 29.17 +4.65 0.5099

The four radiographic parameters, namely CTI, CFI, CCR, and MCI, were assessed
in the study lot for each patient, and the results are displayed in Table 2. There were no
significant differences between sublots for any of the parameters regarding the degree of
AVN.
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Table 2. Analysis of radiographic parameters in the study lot according to AVN degree.

AVN degree
Radiographic
2 3 4 5
parameter P value Overall
(n=7) (n=30) (n=61) (n=79)

CTI 0.5157 +0.08715 0.5273 +0.07732 0.5138 +0.08238 0.5206 +0.06860 0.873  0.5192 +0.07528
CFI 33757 £0.4949 3.5513+0.4705 3.5921+0.5501 3.5358+0.4920 0.730  3.5515+0.5071
CCR 0.4243 +0.06925 0.4480 +0.05346 0.4464 +0.05401 0.4489 +0.05257 0.716  0.4469 + 0.05363
MCI 2.6600 +0.2102 2.8587 +0.2486 2.7472+0.2540 2.7349+0.3040 0.141  2.7572+0.07704

We further assessed the radiographic parameters comparatively between genders,
and the results are detailed in Table 3.

Table 3. Comparative analysis of radiographic parameters between genders.

Radiographic Male Female
. _ P value

parameter (n=85) (n=92)
CTI 0.5251 +0.07141 0.5138 +0.07868 0.3217
CFI 3.6361 + 0.5496 3.4734 + 0.4536 0.0325
CCR 0.4399 +0.04689 0.4534 +0.05869 0.0919*
MCI 2.7818 + 0.3204 2.7345 + 0.2305 0.2647*

* Welch-test (assuming unequal variances)

4. Discussion

The anatomical configuration of the proximal femur can play a major role in the pro-
cess of planning the appropriate implant for total hip arthroplasty as well as in the proper
positioning of the implant during the surgical procedure [21]. In our study, we have thor-
oughly described the femoral morphology in patients with AVN by assessing four of the
most common radiographic measurements. The morphological parameters that we as-
sessed were shown to play an essential role in the prediction of periprosthetic fractures
after THA [22]. It is widely accepted that particular features of patient anatomy can have
significant clinical implications and may influence the selection of an adequate therapeutic
method [23-28]. Furthermore, concurrent conditions such as local or systemic inflamma-
tion, malignancy, adjacent benign lesions, or altered immune responses may aggravate
patient recovery and the healing process [29-33]. Consequently, these categories of pa-
tients were excluded from our study.

The outcome and patient satisfaction of the THA surgical procedure can be signifi-
cantly influenced by osteoporosis, bone mineral density and proximal femoral morphol-
ogy, serving as prognostic factors for aseptic loosening and periprosthetic fracture [34,35].
Liu et al. concluded in their 2022 study that CTI is a great indicator of femoral osteopenia
[36], while Pothong et al. demonstrated that CTI is the strongest radiological predictor for
subsequent contralateral fragility hip fracture, followed by CFI, MCI and CCR [37].

It is noteworthy that the surgical result and patient evolution may be worse in pa-
tients with AVN due to their younger age and more frequent concurrent ailments com-
pared to patients with osteoarthritis [38]. However, it was shown that the long-term out-
come is not significantly different between these two groups [6]. This consideration is im-
portant in patients undergoing rehabilitation after arthroplasty, where different programs
and approaches can significantly influence the patient outcome, especially in cases of
physical or psychological comorbidities [39-42].

The CTI has been successfully used in predicting the rate of perioperative complica-
tions after THA, and it was shown that patients with higher values had fewer postopera-
tive dislocations and intra-operative fractures [43]. Moreover, higher values of CFI were
shown to increase the risk of postoperative leg length discrepancy [44]. Additionally, CCR
has been used as a predictor of the canal fill ratio, a parameter with a direct impact on
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osseointegration [45]. It was previously demonstrated that MCI can be used as a predictor
of bone quality, alongside CFI and CTI [46].

One parameter widely used in clinical practice is the Dorr classification of the femur.
However, we considered that the CTI, also known as the Noble classification, is more ac-
curate as it offers a quantitative index compared to the qualitative assessment provided
by the Dorr score [47].

We identified a statistically significant distinction in the values of CFI between male
and female patients. No significant variance was detected in the other measured parame-
ters. Other literature reports cite no difference between genders regarding CFI [48,49].

While some of the morphological parameters were described in other populations
and diseases, in patients with AVN the literature data is scarce [50,51]. We consider this
criterion as one of the strong points of our study.

Among the study limitations, we mention that our monocentric study can predispose
to patient selection bias and can restrict the statistical significance of the data. Also, we
consider that a more significant number of subjects would be beneficial in obtaining more
accurate values of the measured parameters. Further studies that include computed to-
mography or magnetic resonance imaging investigations might reveal further antropo-
logical details and consolidate the role of proximal femoral morphometry in the manage-
ment of patients with AVN.

5. Conclusions

Strong knowledge of the proximal femur morphology is essential in the preoperative
planning and surgical management of patients with avascular necrosis undergoing total
hip arthroplasty. Recent literature reports showed that the radiographic parameters used
in the morphometry of the femur are important predictors of implant prognosis and func-
tional outcome. Moreover, morphometric data of the proximal femur may be useful in the
future design and development of better and more suitable prosthetics.

Author Contributions: Conceptualization, C.S., S.D., M.-A.P., R.C, and R.O.B.; resources and visu-
alization, M.-A.P.,, M.E.G,, C.A.A., and D.E.G,; writing—original draft preparation, C.S., S.D., M.-
AP,MEG.,CAA,D.EG,MGI, R.C,and R.O.B,; writing—review and editing, C.S., 5S.D., M.G.L,,
R.C., and R.O.B.; supervision, C.S., R.C., and R.O.B. All authors have read and agreed to the pub-
lished version of the manuscript. #All authors contributed equally to this research.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declara-
tion of Helsinki, and approved by the “Foisor” Clinical Hospital of Orthopaedics, Traumatology,
and Osteoarticular TB Ethical Council with the registration number no. 5207/29.05.2023.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study.

Data Availability Statement: The data presented in this study are available on reasonable request
from the corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Konarski, W.; Pobozy, T.; Sliwczyﬁski, A.; Kotela, I.; Krakowiak, J.; Hordowicz, M.; Kotela, A. Avas-
cular necrosis of femoral head —overview and current state of the art. International Journal of Environ-
mental Research and Public Health 2022, 19, 7348.

2. Teimouri, M.; Motififard, M.; Hatami, S. Etiology of femoral head avascular necrosis in patients: A
cross-sectional study. Advanced Biomedical Research 2022, 11.



Balneo and PRM Research Journal 2023, 14, 4 6 of 8

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Yakkanti, R.R.; Haziza, S.; Wasserman, N.A.; Annapareddy, A.; Ratnakar, V.; Karri, S.; Hernandez,
V.H.; Reddy, A.G.; Vaishya, R. Relative frequency of avascular necrosis of the hip as indication for
primary Total Hip Arthroplasty in the USA vs. India. Journal of orthopaedics 2023, 36, 1-6.

Konarski, W.; Pobozy, T.; éliwczyﬁski, A.; Kotela, I.; Krakowiak, J.; Hordowicz, M.; Kotela, A. Avas-
cular Necrosis of Femoral Head-Overview and Current State of the Art. International Journal of Envi-
ronmental Research and Public Health 2022, 19, doi:10.3390/ijerph19127348.

Antonina, C.M. Assessment of the hyperbaric oxygen therapy effects in distal femoral necrosis using hyper-
spectral imaging; Romanian Association of Balneology, Editura Balneara: 2021.

Ancelin, D.; Reina, N.; Cavaignac, E.; Delclaux, S.; Chiron, P. Total hip arthroplasty survival in fem-
oral head avascular necrosis versus primary hip osteoarthritis: Case-control study with a mean 10-
year follow-up after anatomical cementless metal-on-metal 28-mm replacement. Orthopaedics & Trau-
matology, Surgery & Research 2016, 102, 1029-1034, do0i:10.1016/j.0tsr.2016.08.021.

Fontalis, A.; Epinette, J.A.; Thaler, M.; Zagra, L.; Khanduja, V.; Haddad, F.S. Advances and innova-
tions in total hip arthroplasty. Sicot j 2021, 7, 26, doi:10.1051/sicotj/2021025.

Petis, S.; Howard, J.L.; Lanting, B.L.; Vasarhelyi, E.M. Surgical approach in primary total hip arthro-
plasty: anatomy, technique and clinical outcomes. Canadian Journal of Surgery 2015, 58, 128-139,
doi:10.1503/cjs.007214.

Dragosloveanu, S.; Petre, M.-A.; Gherghe, M.E.; Nedelea, D.-G.; Scheau, C.; Cergan, R. Overall Ac-
curacy of Radiological Digital Planning for Total Hip Arthroplasty in a Specialized Orthopaedics
Hospital. Journal of clinical medicine 2023, 12, 4503.

Nozaki, A.; Imai, N.; Funayama, K.; Horigome, Y.; Suzuki, H.; Minato, I.; Kobayashi, K.; Kawashima,
H. Accuracy of ZedView, the Software for Three-Dimensional Measurement and Preoperative Plan-
ning: A Basic Study. Medicina 2023, 59, 1030.

Kayani, B.; Konan, S.; Thakrar, R.R.; Hugq, S.S.; Haddad, F.S. Assuring the long-term total joint ar-
throplasty: a triad of variables. Bone Joint | 2019, 101-b, 11-18, doi:10.1302/0301-620x.101b1.Bjj-2018-
0377.R1.

Pakarinen, O.; Lainiala, O.; Reito, A.; Neuvonen, P.; Mikel4, K.; Eskelinen, A. Implant survival of 662
dual-mobility cups and 727 constrained liners in primary THA: small femoral head size increases the
cumulative incidence of revision. Acta Orthopaedica 2021, 92, 658-664,
doi:10.1080/17453674.2021.1939597.

Dragosloveanu, S.; Dragosloveanu, C.D.M.; Stanca, H.T.; Cotor, D.C.; Dragosloveanu, C.I.; Stoica,
C.I. A new perspective towards failure of gamma nail systems. Experimental and Therapeutic Medicine
2020, 20, doi:10.3892/etm.2020.9346.

Kang, K.H.; Kim, M.S.; Kim, ].J.; In, Y. Risk Factors and Preventive Strategies for Perioperative Distal
Femoral Fracture in Patients Undergoing Total Knee Arthroplasty. Medicina 2023, 59, 369.

Boese, CK.; Dargel, ].; Jostmeier, J.; Eysel, P.; Frink, M.; Lechler, P. Agreement Between Proximal
Femoral Geometry and Component Design in Total Hip Arthroplasty: Implications for Implant
Choice. Journal of Arthroplasty 2016, 31, 1842-1848, doi:10.1016/j.arth.2016.02.015.

Fischer, M.C.M.; Eschweiler, J.; Schick, F.; Asseln, M.; Damm, P.; Radermacher, K. Patient-specific
musculoskeletal modeling of the hip joint for preoperative planning of total hip arthroplasty: A val-
idation study based on in vivo measurements. PloS One 2018, 13, 0195376, doi:10.1371/jour-
nal.pone.0195376.

Linke, P.; Wilhelm, P.; Levent, A.; Gehrke, T.; Salber, J.; Akkaya, M.; Suero, E.M.; Citak, M. Anatom-
ical risk factors for aseptic loosening of full hinge knee prosthesis in primary and revision TKAs.
Archives of Orthopaedic and Trauma Surgery 2023, 10.1007/s00402-023-04776-3, d0i:10.1007/s00402-023-
04776-3.

Georgeanu, V.A.; Russu, O.M.; Obada, B.; Iliescu, M.-G.; Popescu, M.N; Iliescu, D.M.; Predescu, V.
Common peroneal nerve palsy after primary total hip arthroplasty. International Orthopaedics 2022,
46,1963-1970, d0i:10.1007/s00264-022-05477-z.

Olsen, M.; Al Saied, M.; Morison, Z.; Sellan, M.; Waddell, ].P.; Schemitsch, E.H. The impact of proxi-
mal femoral morphology on failure strength with a mid-head resection short-stem hip arthroplasty.
Proceedings of the Institution of Mechanical Engineers. Part H: Journal of Engineering in Medicine 2014, 228,
1275-1280, d0i:10.1177/0954411914562872.

Steinberg, M.E.; Hayken, G.D.; Steinberg, D.R. A quantitative system for staging avascular necrosis.
Journal of Bone and Joint Surgery (British Volume) 1995, 77, 34-41.

Olsen, M.; Lewis, P.M.; Waddell, J.P.; Schemitsch, E.H. A biomechanical investigation of implant
alignment and femoral neck notching with the Birmingham Mid-Head Resection. Journal of Arthro-
plasty 2010, 25, 112-117, doi:10.1016/j.arth.2010.05.007.



Balneo and PRM Research Journal 2023, 14, 4 7 of 8

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Bigart, K.C.; Nahhas, C.R.; Ruzich, G.P.; Culvern, C.N.; Salzano, M.B.; Della Valle, C.J.; Nam, D. Does
Femoral Morphology Predict the Risk of Periprosthetic Fracture After Cementless Total Hip Arthro-
plasty? Journal of Arthroplasty 2020, 35, S359-s363, doi:10.1016/j.arth.2020.02.048.

Baz, R.-A.; Scheau, C.; Rusali, A.C.; Bordei, P. Computed tomography-assessed variations of the ca-
rotid sinus. Surgical and Radiologic Anatomy 2022, 44, 293-298, doi:10.1007/s00276-021-02871-x.
Dragosloveanu, S.; Dragosloveanu, C.D.M.; Cotor, D.C.; Stoica, C.I. Short vs. long intramedullary
nail systems in trochanteric fractures: A randomized prospective single center study. Experimental
and Therapeutic Medicine 2022, 23, 106, doi:10.3892/etm.2021.11029.

Enyedi, M.; Scheau, C.; Baz, R.O.; Didilescu, A.C. Circle of Willis: anatomical variations of configu-
ration. A magnetic resonance angiography study. Folia Morphologica 2023, 82, 24-29,
doi:10.5603/FM.a2021.0134.

Kunc, V.; Benes, M.; Veigl, D.; Kachlik, D. Anatomical variants complicating the posterior approaches
towards the elbow joint. Surgical and Radiologic Anatomy 2023, 45, 587-592, doi:10.1007/s00276-023-
03124-9.

Ries, M.D. Relationship Between Functional Anatomy of the Hip and Surgical Approaches in Total
Hip Arthroplasty. Orthopedics 2019, 42, e356-e363, d0i:10.3928/01477447-20190624-03.

Cristea, S.; Predescu, V.; Dragosloveanu, S.; Cuculici, S.; Marandici, N. Surgical Approaches for Total
Knee Arthroplasty; 2016; 10.5772/62001pp. 25-47.

ElHawary, H.; Baradaran, A.; Abi-Rafeh, J.; Vorstenbosch, J.; Xu, L.; Efanov, J.I. Bone Healing and
Inflammation: Principles of Fracture and Repair. Seminars in Plastic Surgery 2021, 35, 198-203,
doi:10.1055/s-0041-1732334.

Dragosloveanu, S.; Dragosloveanu, C.D.M.; Stanca, H.T.; Cotor, D.C.; Andrei, A.C.; Dragosloveanu,
C.L; Stoica, C.I Tricalcium phosphate and hydroxyapatite treatment for benign cavitary bone lesions:
A prospective clinical trial. Experimental and Therapeutic Medicine 2020, 20, doi:10.3892/etm.2020.9345.
Goodman, S.B.; Maruyama, M. Inflammation, Bone Healing and Osteonecrosis: From Bedside to
Bench. | Inflamm Res 2020, 13, 913-923, doi:10.2147/jir.5281941.

Caraban, B.M.; Matei, E.; Cozaru, G.C.; Aschie, M.; Deacu, M.; Enciu, M.; Baltatescu, G.I.; Chisoi, A.;
Dobrin, N.; Petcu, L., et al. PD-L1, CD4+, and CD8+ Tumor-Infiltrating Lymphocytes (TILs) Expres-
sion Profiles in Melanoma Tumor Microenvironment Cells. Journal of personalized medicine 2023, 13,
221.

Komatsu, N.; Takayanagi, H. Mechanisms of joint destruction in rheumatoid arthritis - immune cell-
fibroblast-bone interactions. Nature Reviews: Rheumatology 2022, 18, 415-429, do0i:10.1038/s41584-022-
00793-5.

Bokeler, U.; Liener, U.; Vogeley, N.; Mayer, B.; Horsch, C.; Troster, F.; Eschbach, D.; Ruchholtz, S.;
Knauf, T. Value of Proximal Femur Geometry in Predicting Occult Hip Fracture. Medicina 2023, 59,
1987.

Faundez, ].; Carmona, M.; Klaber, I.; Zamora, T.; Botello, E.; Schweitzer, D. Radiographic Assessment
of Bone Quality Using 4 Radiographic Indexes: Canal Diaphysis Ratio Is Superior. The Journal of Ar-
throplasty 2023.

Liu, Y.; Ma, W.-].; Huang, K.; Yang, J.; Zeng, Y.; Shen, B. Radiographic indexes in AP hip radiographs
prior to total hip arthroplasty reveal candidates with low BMD. Osteoporosis International 2022, 1-9.
Pothong, W.; Adulkasem, N. Comparative evaluation of radiographic morphologic parameters for
predicting subsequent contralateral fragility hip fracture. International Orthopaedics 2023, 47, 1837-
1843.

Mayers, W.; Schwartz, B.; Schwartz, A.; Moretti, V.; Goldstein, W.; Shah, R. National trends and in
hospital outcomes for total hip arthroplasty in avascular necrosis in the United States. International
Orthopaedics 2016, 40, 1787-1792, doi:10.1007/s00264-015-3089-8.

Jansen, E.; Brienza, S.; Gierasimowicz-Fontana, A.; Matos, C.; Reynders-Frederix-Dobre, C.; Hate,
M.S. [Rehabilitation after total knee arthroplasty of hip and knee]. Revue Médicale de Bruxelles 2015,
36, 313-320.

Diaconu, C.; Cipaian, R.C.; Iliescu, M.G.; Ciortea, V.M.; Irsay, L.; Ungur, R.A.; Diaconu, C. Medical
management and rehabilitation in a patient with avascular necrosis of the femoral head in the context
of vitamin D deficiency and secondary hyperparathyroidism — case report. Balneo and PRM Research
Journal 2023.

Stoica, C.I; Nedelea, G., Cotor, D.C.; Gherghe, M.; Georgescu, D.E.; Dragosloveanu, C,;
Dragosloveanu, S. The Outcome of Total Knee Arthroplasty for Patients with Psychiatric Disorders:
A Single-Center Retrospective Study. Medicina (Kaunas, Lithuania) 2022, 58, doi:10.3390/medic-
ina58091277.



Balneo and PRM Research Journal 2023, 14, 4 8 of 8

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Pop, B.; Dogaru, G.; Andronie-Cioard, F. Rehabilitation in Juvenile Idiopathic Arthritis with Hip An-
kylosis. Balneo and PRM Research Journal 2023.

Nash, W.; Harris, A. The Dorr type and cortical thickness index of the proximal femur for predicting
peri-operative complications during hemiarthroplasty. Journal of Orthopaedic Surgery (Hong Kong)
2014, 22, 92-95, doi:10.1177/230949901402200123.

Brumat, P.; Pompe, B.; Antoli¢, V.; Mavcic, B. The impact of canal flare index on leg length discrep-
ancy after total hip arthroplasty. Archives of Orthopaedic and Trauma Surgery 2018, 138, 123-129,
doi:10.1007/s00402-017-2840-6.

D'Ambrosio, A.; Peduzzi, L.; Roche, O.; Bothorel, H.; Saffarini, M.; Bonnomet, F. Influence of femoral
morphology and canal fill ratio on early radiological and clinical outcomes of uncemented total hip
arthroplasty using a fully coated stem. Bone Joint Res 2020, 9, 182-191, doi:10.1302/2046-3758.94.Bjr-
2019-0149.R2.

Yeung, Y.; Chiu, KY.; Yau, W.P.; Tang, W.M.; Cheung, W.Y.; Ng, T.P. Assessment of the proximal
femoral morphology using plain radiograph-can it predict the bone quality? Journal of Arthroplasty
2006, 21, 508-513, doi:10.1016/j.arth.2005.04.037.

Mukherjee, K.; Ghorai, T.K.; Kumar, A. High grade femoral stem subsidence in uncemented hip
hemiarthroplasty - A radiographic analysis and an early prediction while treating femoral neck frac-
tures. International Orthopaedics 2023, 47, 1591-1599, doi:10.1007/s00264-023-05791-0.

Ollivier, M.; Parratte, S.; Le Corroller, T.; Reggiori, A.; Champsaur, P.; Argenson, ].N. Anatomy of
the proximal femur at the time of total hip arthroplasty is a matter of morphotype and etiology but
not gender. Surgical and Radiologic Anatomy 2015, 37, 377-384, d0i:10.1007/s00276-014-1368-5.
Watanabe, K.; Mitsui, K.; Usuda, Y.; Nemoto, K. An increase in the risk of excessive femoral antever-
sion for relatively younger age and types of femoral morphology in total hip arthroplasty with direct
anterior approach. Journal of Orthopaedic Surgery (Hong Kong) 2019, 27, 2309499019836816,
doi:10.1177/2309499019836816.

D'Amore, S.; Sano, H.; Chappell, D.D.G.; Chiarugi, D.; Baker, O.; Page, K.; Ramaswami, U.; Johan-
nesdottir, F.; Cox, T.M.; Deegan, P., et al. Radiographic Cortical Thickness Index Predicts Fragility
Fracture in Gaucher Disease. Radiology 2023, 307, €212779, doi:10.1148/radiol.212779.

Nguyen, B.N.; Hoshino, H.; Togawa, D.; Matsuyama, Y. Cortical Thickness Index of the Proximal
Femur: A Radiographic Parameter for Preliminary Assessment of Bone Mineral Density and
Osteoporosis Status in the Age 50 Years and Over Population. Clinics in Orthopedic Surgery 2018, 10,
149-156, doi:10.4055/ci0s.2018.10.2.149.



