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SUMMARY: Accurate implant sizing is one of the major determinants in defining the success of total knee arthroplasty (TKA).
Current TKA implants are based on Caucasian knee morphometry which is well documented to be larger than Asian knees. Even more,
with regards to sizing, implant mismatch tends to be more evident in the female population. This study was designedtttesliatahte
femur dimensions of Malaysian female patients who underwent TKA in our institution and to compare them with the curreitt prosthe
system in use. A total of 199 female patients (207 knees) who underwent TKA were enrolled in this study. Intraoperafifely, the
dimensions (medial and lateral condyles) and mediolateral (ML) width were measured. Known dimension of the femoral component of
the prosthetic knee system currently in use were compared with the morphological data. The average femoral componenasverhang w
2.11 mm (SD 3.94 mm). There was significant difference between the mean ML width of the resected femur and the femoral componen
(p<0.01). Analysis also revealed a significant positive and weak relationship between both, AP (medial and lateral) anashdb.dime
The aspect ratio (ML/AP) of the native femur was generally smaller than the implant aspect ratio which is likely to caargpiovarh
population. In general, this study shows that the knees of our female sub-population are even narrower than the othateNsismefem
from previous studies. Implants should be designed based on the morphological data of the local population. Implant manufacture
should tailor them to accommodate a smaller change in ML width for an increment in the AP length and provide several ft widths
one AP length to obtain a better fitting prosthesis hence curbing the problem of ML overhang.
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INTRODUCTION

One of the major crucial factors to the success of totBl€cise AP dimension is important to maintain flexion-
knee arthroplasty (TKA) is correct sizing. Thus, to avoi@xtension gap (Thilak & George, 2016) whereas anterior
complications and maximize the outcome of the surgery, prope®tching predisposes to periprosthetic fractures (Loener
implant sizing is of utmost importance (Hittal, 2003). al., 2008).

Implant mismatch be it in the medio-lateral (ML) dimensior he currently used TKA implants worldwide are based on
or antero-posterior (AP) dimension, is of a great clinicdnorphometric measurements obtained from Caucasian
impact to the outcome of TKA. Medio-lateral overhang opopulation. However, studies have shown that Asian femurs
oversizing could result in soft tissue irritation and affectre narrower than the whites (Vaidgteal, 2000; Urabet
balancing efforts (Hitet al). On the other hand, under sizingal-, 2008; Chiret al, 2011; Yueet al, 2011). It is also well
could leave the exposed cancellous bone which may b&ecumented that females had a narrower distal femur (Chin
source of immediate postoperative bleeding (efital). A et al, 2002; Lonneet al; Eweet al, 2009; Chinet al,
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2011) and morphologically, knees of Asian females All TKAs were performed by one of the two senior
significantly differ from their Caucasian counterparts (Vaidyarthroplasty surgeons at our institution. After removal of
et al; Urabeet al; Yueet al).With regards to sizing, implant osteophytes, the distal femoral cuts were performed prior to
mismatch tends to be more evident in the female populatioraking measurements in millimeters using a sterile surgical
(Vaidyaet al; Hitt et al; Eweet al; Chenget al, 2009). In caliper. All measurements were taken by the operating
our centre, Hospital UniversitiSains Malaysia, majority ofurgeon to reduce random error. Measurement of the distal
patients undergoing TKA are females accounting to abofgmur after the distal cut is considered a reasonable approach
86 % (Ismailet al, 2016). Thus, the question of implantas it would be easier to place a ruler on the cut surfaces and
mismatch in our population is of great value. minimizing tilting of the tool that would potentially occur
on an uncut distal femur (Lonnet al). The distal cut was
Globally, there are many morphological studiesnade nine mm from the medial joint line which is a minimum
ranging from cadaveric studies to radio-imaging studiesit required for the TKA prosthesis currently used in our
using Computed Tomography (CT) or Magnetic Resonancenter. The anterior cut was performed using an anterior
(MR) imaging of normal patients not requiring surgeryeferencing cutting guide to ensure the cut was flushed with
(Seedhonet al,, 1972: Chengt al; Yueet al; Magetsaret the femoral shaft in order to avoid anteriornotching.
al., 2015).The present study was designed to obtain a direct
intraoperative morphological data on osteoarthritic kneesthat ~ The dimensions measured from the resected distal
are usually different from the normal knees. femur (Fig. 1) were the anteroposterior dimensions of the
medial (APM) and lateral femoral condyles (APL) and the
This study was designed to evaluate the distal femarediolateral (ML) width. The APM and APL were taken as
dimensions of female patients who underwent TKA in ouhe maximum distance of a line perpendicular to the
institution and to compare them with the currently uselansepicondylar axis (TEA). MLwidth was measured as the
prosthetic system at our center. The authors believe the resdigance between the medial and lateral cortex along the TEA.
of this study could provide a guide to implant manufacture/ster appropriate sizing and bone cuts, the implant size which
to tailor better fitting prosthesis which suit the morphometriclosely approximated the anteroposterior dimension of the
measurements of the Malaysian population especially iasected femur were then implanted. Morphological data of
female patients hence optimizing the outcome of TKA antie distal femur were recorded into the study proforma. Aspect
reducing its complications. ratios which measure the shape of the distal femur in (ML/
AP) and also in (AP/ML) are calculated separately for both
the medial and lateral femoral condyles. Data about the
MATERIAL AND METHOD

This is a single centre observational cross-sectio
study with all procedures performed by two experience
arthroplasty surgeons. This study was approved by tf*
Human Ethical Committee of the School of Medica¥
Sciences, Universiti Sains Malaysia. A total of 199 femal §
patients (207 knees) who underwent primary total kne
arthroplasty for osteoarthritis at the arthroplasty unit of Ho
pital UniversitiSains Malaysia were randomly included i
this study in accordance to the study inclusion and exclusi
criteria. This study was conducted from January 2017 u
December 2018.

Patients with congenital or acquired deformities g Xy
the knee or with history of disease/trauma involving the kne ¢ ;=% : - — Mk
gross deformities of the knee of more than 15 degrees valgfi§ 1. Intraoperative photograph showing the dimension of the
varus or severe fixed flexion deformity more than 20 degre istal femur after distal bone resection and removal of osteophytes.

luded f hi dv. Pati ith sub Al b M: Anterior posterior dimension of the medial femoral condyle;
were excluded irom this study. Patients with substantia ORBL: Anterior posterior dimension of the lateral femoral condyle;

loss and/or degeneration requiring augmentation or presefgeyigth: Mediolateral width along the transepicondylar axis) The
of anterior notching or severe flexion gap laxity after distalpm and APL were taken at the maximum length of the condyle
femoral cut were also excluded. perpendicular to the transepicondylar axis (TEA).
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anteroposterior (AP) and mediolateral (ML) dimensions of The relationship of AP medial and AP lateral with

the present femoral components used were obtained from Mé& dimension as demonstrated in Table Il shows a

respective implant manufacturer. significant positive and weak linear relationship between

AP medial and ML (r=0.475; p<0.001) and a similar

The data were analyzed using SPSS version 24. Trelationship between AP lateral and ML as well (r=0.521;

dimensions are summarized as the mean and standpx®D.001). From this, we can deduce that with increasing AP

deviation. Correlation between AP and ML dimensions of thength, the ML width increases but with a smaller magnitude.

patient’s femur were determined using Pearson correlatiolhen comparing AP medial and lateral, the correlation

As the implant size were determined by the closbetween AP lateral and ML was slightly better.

approximation of AP dimension of the resected femur, thus

the dlffe_rence of the mean ML dlmensmn be_tween the Impla‘i‘&ble IIl. Correlation of AP and ML of the measured distal femur

and patient’s knee were determined. The differences betwegfong female patients with current TKA prosthesis (n=207).

the component ML and femoral ML were assessed using pair Jari Dle ML

t-test with a confidence interval set at 95 % and a p-value o r pvalue

less than 0.05 were regarded as statistically significant.

AP Media 0.475 <0.001
AP Laerd 0.521 <0.001
AP=Anteroposterior; ML=mediolateral; r= correlation coefficient
RESULTS 12-tailed correlation test were applied.

In terms of ML mismatch, there was significant
There were total of 199 female patients involved igjfference between the mean ML width of the resected femur
this study with a mean age of 64.3 years old (SD: 5.7). Eighyth that of the component (p<0.01). The average component
(8) patients had bilateral total knee arthroplasty making derhang was 2.11 mm (Table Ill). ML dimension of the
up to a total of 207 knees included into this study. The ethrfismoral component increases in close approximation with
distribution of the patients was predominantly Malayhe morphological data. Despite that, for a given AP length,
accounting to 97 % of the total followed by Chinese (2 %he ML dimension of the femoral component tend to be wider.
and Indian (1 %). By extrapolation of the best fit line for the morphological
data, the disparity between them is expected to be more
The mean AP medial (APM) of the resected fem%ronounced in the |arger knees (F|g 2)
was 66.02 mm (SD: 3.53) while the mean AP lateral (APL)
was 68.08 mm (SD: 3.44). The mean mediolateral (M!
width of the measured femur was 59.71 mm (SD: 4.42).1
calculated mean aspect ratio as determined by ratio of
to APM and APL were 0.91 and 0.88, respectively.
summary of the intraoperative data of the resected di

. . g 3
femurs is shown in Table I. 65 l (3
! -
Ee H i l
Table I. Intraoperative measurements of the distal femur of female 2 i i o patient
TKA patients and their calculated aspect ratios (n=207) f p I ] o implant
Dimensions measur ed M ean (SD) Range e B
AP (mm)
Medid 65.74 (3.63) 57.30-74.90 =
L ateral 67.86 (3.44) 58.80-75.50 .
ML (mm) 59.61 (4.33) 50.00-70.00
ML/AP (asped ratio) 35
Medid 0.91(0.06) 0.73-1.06 b b o a ® -
. L ateral . 0.88(0.06) 0.72-103 Fig. 2. The femoral medial-lateral width (M/L) versus the given
APIML (aspectratio) anterior-posterior (A/P) span of implant sizes in 207 female patients.
Medid 111 0.94-1.36
L ateral 1.13 0.99-1.39

AP=Anteroposterior; ML=mediolateral, SD=standard deviation.*we The_ calculated meap aspect. ratio of the
convert the ML/AP aspect ratio to the AP/ML aspect ratio in order to comOrPhological data as determined bY ratio of ML to APM_
pare with data from other studies from ASIA (see Table IV). and APL were 0.91 and 0.88, respectively. The aspect ratio
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for the morphological data showed a larger ratio for smaller <

knees and inversely a smaller ratio for larger .
knees.Regardless, the best fit line for the aspect ratio of the
morphological data was seen to be generally smaller than = 5
the implant aspect ratio. Despite the discrepancy, the initial

five sizes of the implant did show changes in its aspect

ratio which tends to follow the trend of the morphological® ..

data. However, the larger implant sizes used at our cent(-ifr,

show little change in its aspect ratio, hence widening the
margin of difference (Fig. 3). Thus, the implant ML
overhang is expected to be more prominent in the larger
knees.

e patient

e implnt

06 UEIEBEAISS  amD oW

Linear (patient)
085

45 50 55 60 65
AP(mm)

Fig. 3. The femoral aspect ratio (ML/AP) versus the anterior-pos-
terior (A/P) measurements for 207 female knees in comparison
with the currently used implant sizes.

Issue on implant sizing which match the morphology
of distal femur has always been a great field of research.
Worldwide, various studies have been conducted to analyze ~ The aspect ratio of the morphological data in our
the morphology of the distal femur and correlating thergtudy were generally smaller than the aspect ratio of the
with the TKA prosthesis in use. Of note, various studynplant currently in use for any given AP dimension.
designs ranging from studies involving plain radiograph¥evertheless, the initial five sizes of the implant did show
to CT or MR imaging, cadaveric as well as intraoperativehanges in its aspect ratio which tends to follow the
measurements have been identified in our wide literatui@orphological data. However, the larger implant sizes
search (Hitet al; Hoet al, 2006; Yueet al; Chenget al;  showed little change in its aspect ratio. This is contrary to
Ha & Na, 2012; Thilak & George). We believe thathe findings in several other studies (Hittal; Ho et al;
intraoperative measurements of pathologic knees suchEeet al) which showed little changes in all the implant
in osteoarthritis are more direct, practical and representat®&es of the various designs evaluated. Although our
of the actual morphology of the native femur that requirggorphological aspect ratio follows the implant aspect ratio
TKA. quite closely, we still have significant ML overhang in our

study.

Component overhang in our female population was
notably more prominent in the larger knees. This finding is In general, many studies have shown that females
consistent with the description by Hittal. in their female have narrower distal femurs than male counterparts and
population. As compared to their study, ours revealedte Asian distal femurs are generally narrower than the
smaller magnitude of implant overhang (2.1 mm vs 4@aucasians (Vaidyet al; Urabeet al; Chinet al, 2011,
mm), Although smaller, this ML mismatch of the implantYue et al). Interestingly, the knees of our sub-population
with the morphological data has proven to be statisticalre noted to be even narrower than the Singaporeans (Chin
significant (p<0.01). As in our study series, the femord&t al, 2011), the Koreans (Ha & Na) or the Thais
components used were predominantly from the lower hdMvanitcharoenporet al, 2014) (Table IV). Thus, in gene-
of the available sizes. Thus, we could get away with lowé&l, for any given implant size, our population is at a greater
magnitude of implant overhang. If we were to encountéisk of ML overhang. This justifies the need for specifically
larger knees, we expect to deal with a wider margin &tilored implant design with a smaller ML width for a given
overhang and its associated complications. AP length to suit the morphology of our female population.

DISCUSSION

Table Ill. Comparison of ML between the measured distal femur of subjects and components among female patients with current
TKA prosthesis (n=207).

Variables Subjects femur Femoral Mean difference t-statistic (df) p-vd uer
component (95% ClI)
Mean(SD)
ML dimension (mm) 59.61 (4.33) 61.73 (1.75) -2.11 (- 2.88, -1.36) -5.51 (206) <0.001

ML=mediolateral. 1 Independent t-test was applied.
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Morphology of intraoperative measurement of distal femur in

Table IV. Comparison in data obtained from intra-operative measurements of distal femurs in female patients from vagoustiisisin

Studies Current study Chinetal. Wanitchareonporn et al. Haetal.
(n= sample size) n=207 n=290 n=170 n=678
Countries Malaysia Singapore Thailand K orea
APM (mm) 65.74 (57.3-74.9) 68.1(60.5-77.5) 53.6 (46.1-66.0) 61.4 (54-76)
APL(mm) 67.86 (58.8-755) 66.5(57.5-75.5) 51.6 (44.2-62.3) 60.8 (54-77)
ML (mm) 59.61 (50.1-70.2) 63.0(51.0-77.0) 64.7 (56.0-77.0) 68.2 (58-73)
APM/ML 1.11 (0.94-1.36) 1.09 (092-1.39) 0.83 (0.69-0.94) 0.90(0.79-1.06)
APL/ML 1.13 (0.97-1.39) 1.06 (0.89-1.36) 0.80 (0.68-0.91) 0.89(0.83:0.95)

The value is presented in mean (range).

The weak pOSitiVE reIationship between the AP IengthB RAHMAN, S.; RADHAKRISHNAN, S.; SHOKRI, A.
and ML width as demonstrated in our study populatiop : AHMAD, M. R.; ISMAIL, A. F.; HASHIM, H. A. &
signifies that the ML dimension increases in a smallepuzAFFAR, T. Morfologia Unica de la medicién
magnitude as the AP increases. Thus, implant sizes shomldlaoperatoria del fémur distal en mujeres del norte de Malasia
be tailored to accommodate a smaller change in ML for grsu correlaciéon con el tamafio del implante en artroplastia to-
increment in the AP to get a better fitting prosthesis hent® de rodilla.nt. J. Morphol., 39(1192-197, 2021.
curbing the problem of ML overhang. The variation in the
morphology of our population and its difference from other RESUMEN: El tamafio exacto del implante es uno de
population should be considered for a specific implarll‘?s principalc_as determinante_s para definir el éxito de la artroplastia
design. One author suggested that implant component sholai@! de rodilla (ATR). Los implantes de TKA se basan en la

be designed with several medial-lateral widths for one ant@orfometria de rodilla caucasica, cuyo tamaio esta reportado

. : . . . ¢omo mayor que las rodillas asiaticas. Mas aun, en lo que res-
rior-posterior length to obtain a better anatomical fit as | % : : ! ]
cta al tamafio, el desajuste de los implantes tiende a ser mas

. . . e
Was fognded that patlents with appr.OX|mater equal AEJvidente en la poblacion femenina. Este estudio fue disefiado
dimension may have a different ML width (ldbal).

para evaluar las dimensiones del fémur distal de pacientes muje-
res malasias que se sometieron a ATR en nuestra institucion y
We believe that, implants should be designed base@mpararlas con el sistema protésico actual. En este estudio se
on the morphological data of the local population. As revealggluyeron un total de 199 pacientes (207 rodillas) que se some-
in our study that the currently used implant is broader thaieron a ATR. Intraoperatoriamente, se midieron las dimensio-
our morphological data, it poses risk of soft tissue irritationes AP (condilos medial y lateral) y el ancho mediolateral (ML).
and may affect balancing (Hét al). Further research in this Se compar6 la dimensién conocida del componente femoral del
field with regards to evaluating the long-term outcome dfistema protésico de rodilla actualmente en uso con los datos
patients with implant overhang should be undertaken in ng&prfologicos. El voladizo o sobresaliencia del componente
future to determine its impact to our population. femoral fue de 2,11 mm (DE 3,94 mm). Hubo una diferencia
significativa entre el ancho ML medio del fémur resecado y el
componente femoral (p <0,01). El analisis también revelé una
relacion significativa positiva y débil entre las dimensiones AP
(medial y lateral) y ML. La relacién de aspecto (ML / AP) del
fémur nativo fue mas pequefia que la relacién de aspecto del

. . _ implante, lo que probablemente cause un voladizo en nuestra
We conclude that the currently used implant is suboptimgbp|acion. En general, este estudio muestra que las rodillas de

in its sizing for our population as depicted by the disparityyestra subpoblacién femenina son incluso mas estrechas que
in the aspect ratio and ML length for given AP dimensiorutras rodillas de mujeres asiaticas reportadas en estudios ante-
notably in the larger sizes. The results of this study coutibres. Los implantes deben ser disefiados en base a los datos
provide a guide to implant manufacturers to tailor implantsorfolégicos de la poblacion local. Los fabricantes de implan-
which suit the morphometric measurements of Malaysidas deben adaptarlos a un cambio méas pequefio en el ancho de
population especially in female patients hence maximizirigL para un incremento en la longitud AP y proporcionar varios

the outcome of TKA and reducing its complications. anchos ML para una longitud AP con el objetivo de obtener una
protesis de mejor ajuste y frenar el problema del voladizo ML.

CONCLUSION
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