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ABSTRACT

Background: Preoperative assessment by calculating the morphological cortical Index (MCI), canal-calcar ratio (CCR), canal
flare index (CFI) and canal bone ratio (CBR) will facilitate appropriate surgical planning for total hip arthroplasty. Since no data
on indices and ratios of proximal femur in Punjab is available the study was planned to record the same from radiographs of
normal adult population.

Study design: Cross-sectional population study

Methods: MCI, CCR, CFl and CBR were calculated from measurements on anteroposterior radiographs of the proximal femur
from 116 male and 96 female subjects with a mean age of 46 years.

Results: Morphologic cortical index, canal calcar ratio and canal flare index did not have any statistically significant difference
between the two sexes. Canal bone ratio showed a highly significant difference when the male and female group were compared
(p = 0.0042).

Conclusion: The study has provided baseline data on morphologic cortical index, canal calcar ratio, canal flare index and canal
bone ratio of proximal femur in Punjab which may be helpful in surgical planning for total hip arthroplasty and further research in
the area.
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INTRODUCTION

Due to their commendable survival and low complication rate total
hip arthroplasties (THA) are in vogue in management of
degenerative hip disease’. Cementless THAs are more popular
and preferred over cemented implants due to their biologic bone
fixation and long term stability?. However increased risk of
intraoperative and postoperative periprosthetic fractures as
compared to the cemented prosthesis have been reported 3. In
order to mitigate the threat a preoperative keen look at the specific
geometrical design of proximal femur of the patient is imperative.
The usual method employed in this regard is by making
observations of various parameters on anteroposterior radiographs
of proximal femur. Making prior assessment by calculating the
morphological cortical Index (MCI), canal-calcar ratio (CCR), canal
flare index (CFI) and canal bone ratio (CBR), which are
dependable parameters in this regard, will facilitate appropriate
surgical planning.

Skeletal features of a population group are specific
depending upon its genetic makeup, geographic location and
socioeconomic status®. No data on indices and ratios of proximal
femur in Punjab being available we planned to record the same
from radiographs of normal adult male and female population.

MATERIAL AND METHODS

This prospective cross sectional population study was conducted
at M. Islam Medical College and Teaching Hospital, Gujranwala
over a period of eight months starting September 2020 after
obtaining ethical approval and subject consent. Subjects with
previous history of surgery or bony affection in the region were
excluded. Observations were recorded from two hundred and
twelve anteroposterior radiographs with a clear image of the
proximal femur from 116 male and 96 female subjects with a mean
age of 46+9.7 years (24 to 62).
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The scheme of measurements is shown in

figure 1.

Figure 1 showing the method of measurements on anteroposterior
radiographs of proximal femur. Reference line X was drawn at the
level of tip of lesser trochanter transverse to line Y which indicated
the long axis of the shaft. Bold lines indicate widths. A: Width of
canal 2 cm above the lesser trochanter B: Outer width at the level
of lesser trochanter C: Internal width at the level of lesser
trochanter D: Internal width at 7 cm below the reference line X. E:
Outer width at 10 cm below the reference line X. F: Internal width
at 10 cm below the reference line X.

Indices and ratios were defined and calculated adapted from Nam
et al® as follows:

Morphologic cortical index (MCI): Outer width at the level of
lesser trochanter divided by internal width at 7 cm below the
reference line X i.e., B/D (Fig 1.)

Canal calcar ratio (CCR): Internal width at 10 cm below the
reference line X divided by internal width at the level of lesser
trochanter i.e., F/C

Canal flare index (CFI): Width at 2 cm proximal to the lesser
trochanter divided by Internal width at 10 cm below the reference
line Xi.e., A/F

Canal bone ratio (CBR): Internal width at 10 cm below the
reference line X divided by outer width at 10 cm below the
reference line X i.e., F/E

All measurements were taken by one investigator (FI) and
reviewed independently by another observer (MSA). Results were
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tabulated and means drawn; student t-test was used for
significance at 95% CL.

RESULTS

Mean values=SD of internal and external widths taken at various
levels of proximal femur in the male and female subjects are given
in Table 1. Table 2 shows values of indices and ratios, their
comparison in the two sexes and significance of comparison.
Morphologic cortical index, canal calcar ratio and canal flare index
did not have any statistically significant difference between the two
sexes. Canal bone ratio showed a highly significant difference
when the male and female group were compared.

Table 1: Mean+SD of values of various widths of proximal femur. Letters A
to F refer to Fig 1.

Width Mean+SD
A: Male 47.2+4.83
Width of canal 2 cm proximal to Female 46.1+6.31
lesser trochanter Overall 46.8+4.95
B: Male 42.6+3.92
External width at the level of tip of Female 40.2+4.41
lesser trochanter Overall 42.1+3.74
C: Male 30.2+5.21
Internal width at the level of lesser Female 28.3+4.93
trochanter Qverall 28.9+3.72
D: Male 14.742.87
Internal width at 7 cm below the Female 14.1+3.41
reference line X Overall 14.6+2.94
E: Male 31.5+3,10
External width at 10 cm below the Female 290.7+2.85
reference line X Overall 30.2+£2.77
F: Male 13.2+2.63
Internal width at 10 cm below the Female 12.6+2.97
reference line X Overall 12.742.65

Table 2: Mean+SD of values of indices and ratios in the male and female
subjects and their statistical comparison

Parameters Mean+SD P value
Male vs
Female
Cl Male 2.89+0.43
Morphologic cortical index Female 2.85+0.37 0.4738
B/D Overall 2.88 £+ 0.41
CCR Male 0.43+0.04
Canal calcar ratio Female 0.44+0.07 0.1939
FIC Overall 0.43+ 0.06
CFI Male 3.57+0.72
Canal flare index Female 3.49+0.68 0.4099
AlF Overall 3.68+ 0.61
CBR Male 0.41+0.02
Canal bone ratio Female 0.42+0.03 0.0042*
FIE Overall 0.42+ 0.03
*Highly significant
DISCUSSION

Cementless femoral prostheses designs are the most commonly
practiced mode of fixation these days? Appropriate preoperative
surgical planning by diligently templating the proximal femur and its
geometrical peculiarities on radiographs of the patient may help
mitigate the risk of acute postoperative periprosthetic fracture and
assist in selection of appropriate prosthesis with the promise of
better fixation and longevity of the implant in cementless total hip
arthroplasty. The value of indices and ratios of proximal femur in
this regard cannot be emphasized more.

In our study the morphologic cortical index, canal calcar ratio
and canal flare index did not have any statistically significant
difference between the two sexes. Canal bone ratio however
showed a highly significant difference when the male and female
group were compared. The overall values of indices and ratios in
our study are in agreement with those reported by Bigart et al” and
recorded in a Caucasian population; they did not make separate

observations in male and female subjects in their study. Umar et
al® have recorded MCI and CFI in Pakistani population; they did
not mention the exact location of sample collection. In their study
the value of MCI is close to the value in our study whereas the
value of CFl (4.47+0.93 vs 3.68+ 0.61) is noticeably higher. This
may be due to regional variation in skeletal morphology.

Gender differences in various bony affections of hip have
been reported in several clinical and epidemiological studies which
may imply the difference in their geometrical design ®2. The
indices and ratios of proximal femur also have a predictive value
for bone strength and its geometry, presence of osteoporosis, risk
of fracture and mortality risk after fracture®4,

The strength of the study is that it is the first report to provide
baseline reference data on such vital parameters of proximal femur
as morphologic cortical index, canal calcar ratio, canal flare index
and canal bone ratio in Punjab in normal adult male and female
subjects which can be helpful in surgical planning.

Notwithstanding the fact that every effort was made to avoid
it the study has the limitation of possible rotational error of the
femur while taking the radiograph. Further research with a larger
sample of general population is warranted.

CONCLUSION

The study has provided baseline reference data on morphologic
cortical index, canal calcar ratio, canal flare index and canal bone
ratio of proximal femur in Punjab which may be helpful in surgical
planning for total hip arthroplasty and further research in the area.

REFERENCES

1. Learmonth ID, Young C, Rorabeck C. The operation of the century:
total hip replacement. Lancet 2007;370:1508-19

2. Heckmann N, lhn H, Stefl M, Etkin CD, Springer BD, Berry DJ, et al.
Early results from the American Joint Replacement Registry: a
comparison with other national registries. J Arthroplasty
2019;34(S):125-134

3. Berend ME, Smith A, Meding JB, Ritter MA, Lynch T, Davis K. Long-
term outcome and risk factors of proximal femoral fracture in
uncemented and cemented total hip arthroplasty in 2551 hips. J
Arthroplasty 2006;21:53-59

4. Hailer NP, Garellick G, K€arrholm J. Uncemented and cemented
primary total hip arthroplasty in the Swedish Hip Arthroplasty Register.
Acta Orthop. 2010;81:34-41

5. Popp KL, Hughes JM, Martinez-Betancourt A. Bone mass,
microarchitecture and strength are influenced by race/ethnicity in
young adult men and women. Bone 2017; 103:200-8

6. Nam D, Sauber TJ, Barrack T, Johnson SR, Brooks PJ, Nunley RM.
Radiographic parameters associated with pain following total hip and
surface arthroplasty. J Arthroplasty 2015; 30:495-501

7. Bigart KC, Nahhas CR, Ruzich GP, Culvern CN, Salzano MB, Della
Valle CJ, Nam D. Does Femoral Morphology Predict the Risk of
Periprosthetic Fracture After Cementless Total Hip Arthroplasty?
Journal of Arthroplasty. 2020; 35(S) :359-363

8. Umer M, Sepah A, Khan A. Morphology of the proximal femur in the
Pakistan population. J Orthop Surg. 2010;18:279-81

9. Kim TI, Choi JH, Kim SH, Oh JH. The adequacy of diagnosis and
treatment for osteoporosis in patients with proximal humeral fractures.
Clin Orthop Surg. 2016;8(3):274-9

10. Cawthon PM. Gender differences in osteoporosis and fractures. Clin
Orthop Relat Res. 2011;469(7):1900-5

11. Kudlacek S, Schneider B, Resch H, Freudenthaler O, Willvonseder R.
Gender differences in fracture risk and bone mineral density.
Maturitas. 2000; 36(3):173-80.

12. Diamantopoulos AP, Hoff M, Skoie IM, Hochberg M, Haugeberg G.
Short- and long-term mortality in males and females with fragility hip
fracture in Norway: a populationbased study. Clin Interv Aging. 2013;
8:817-23

13. Baumgartner R, Heeren N, Quast D, Babst R, Brunner A. Is the
cortical thickness index a valid parameter to assess bone mineral
density in geriatric patients with hip fractures? Arch Orthop Trauma
Surg. 2015;135(6):805-10

14. Leslie WD, Lix LM, Johansson H. Does osteoporosis therapy
invalidate FRAX for fracture prediction? J Bone Miner Res.
2012;27(6):1243-51.

214 PJMHS Vol. 16, No.01, JAN 2022



