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Does Computed Tomography Provide an Advantage over
X-ray in the Treatment of Intertrochanteric Fractures?
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Abstract

Objective  Successful treatment of intertrochanteric femur fractures depends on an appropriate implant and is decided according to fracture classification and stability. In the present
study, the purpose was to investigate the interobserver and intraobserver consistency of x-ray and/or Computerized Tomography (CT) in fracture classification and implant

preference for treatment in intertrochanteric femur fractures.

Materials ~ The patients who were diagnosed with 80 intertrochanteric femur fractures by two orthopedists with 5 or more years of trauma experience and who had pelvic CT scans for
and Methods  suspected accompanying fractures were evaluated in the study. Arbeitsgemeinschaft fiir Osteosynthesefragen/Orthopaedic Trauma Association (AO/OTA) classification
and implant preference for treatment were based on x-ray and/or CT. Second evaluations were made two weeks later. Cohen’s Kappa was calculated for interobserver

reliability in the first evaluation and intraobserver reliability in the first and second evaluations.

Results  Intra-observer Intraclass Correlation Coefficient (ICC) ranged between 0.861 and 0.973 for Observer-1 and between 0.893 and 0.993 for Observer-2 in all evaluations.
Inter-observer ICC was within the range of 0.865-0.961 based on primary evaluations. These data represented excellent intra- and inter-observer consistency for both

observers (P<0.001).

Conclusion  Preoperative CT scans may provide diagnostic benefits for implant preference, especially in intertrochanteric femur fractures evaluated as stable (AO/OTA-31A1)
according to x-ray. Although CT scan analysis results are excellent, this imaging modality should be used on a case-by-case basis to plan and optimize surgical procedures.

Keywords  Intertrochanteric femur fracture; Implant preference; Inter-observer consistency; Optimize surgical procedures

Amag  Intertrokanterik femur kiriklarinda bagarili bir tedavi uygun bir implanta baglidir ve buna kirik siniflamast ve stabilitesine gore karar verilir. Galiymamizda intertrokanterik
femur kiriklarinda x-ray ve/veya bilgisayarli tomografi (BT) nin kirik siniflamasinda ve tedavi i¢in implant seciminde gozlemciler aras ve gozlemci igi tutarhiligini aragtirmayi

amagladik.

Gereg ve  Travma tecriibesi bes yil ve iizerinde olan iki ortopedist tarafindan 80 intertrokanterik femur kirigi tanisi almis aym zamanda eslik eden kirik siiphesine yonelik pelvis BT taramast yapilmus
Yontemle  hastalar degerlendirmeye alindy. Arbei inschaft fiir Osteosynth Orthopaedic Trauma Association (AO/OTA) siniflamas ve tedavi iin implant secimi x-ray ve/veya BT ye gore
yapuldr. Tki hafta sonra ikinci degerlendirme yapildy. Birinci degerlendirme gozlemciler aras: giivenilirlik, birinci ve ikinci degerlendirmelerde gozlemci ici giivenilirlik agisindan Cohen’s

Kappa hesapland.

Bulgular  Tiim degerlendirmelerde Gizlemci-1 igin gozlemci ici Intraclass Correlation Coefficient (ICC) 0,861 ile 0,973 araliginda, Gozlemci-2 icin ICC 0,893 ile 0,993 araligindaydi. Birinci degerlen-
dirmeler dikkate alindiginda gozlemciler arast ICC 0,865-0,961 araligindaydi. Bu veriler her iki gozlemci igin gozlemci ii ve gozlemciler arast mitkemmel uyumu temsil ediyordu (P<0.001).

Sonu¢  Preoperatif BT taramast, ozellikle x-raye gore stabil (AO/OTA-31A1) olarak degerlendirilen intertrokanterik femur kiriklarinda tedavide implant tercihi icin tamisal bir yarar saglayabilir. Her

r -

ne kadar BT tarama analizi sonuglar: 1 olsa da bu gorii yontemi cerrahi prosediirii planlamak ve optimize etmek i¢in duruma gore kullanlmaldir.

Anahtar

Kelimel. Intertrokanterik femur kirigy; Implant tercihi, gozlemciler-arast tutarlilik; Optimize cerrahi prosediir
elimeler
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INTRODUCTION
Intertrochanteric femur fractures are the most common
fractures in people over 65 years of age with a gradually
increasing incidence in geriatric population.! Surgery is
one of the options for the treatment of intertrochanteric
femur fractures. After stable fixation of intertrochanteric
femur fractures, patients can move more quickly and re-

turn to their previous level of functioning.?

Evaluation of preoperative stability is very important for
surgical planning in intertrochanteric femur fractures.
Successful treatment depends on an appropriate implant
and is judged by fracture classification and stability.’> An
ideal classification must be simple and highly reproducib-
le, provide information on stability evaluation, and more
importantly, guide treatment preference. Although stable
intertrochanteric femur fractures can be successfully tre-
ated with the Dynamic Hip Screw (DHS), it is accepted
that unstable intertrochanteric femur fractures may requ-
ire an Intra-Medullary Nail (IMN) or a modified DHS.*
The most popular classification systems are Jensen et al.
(EVJE) and Muller et al. Arbeitsgemeinschaft fir Osteo-
synthesefragen/Orthopaedic Trauma Association (AO/
OTA).>¢ In their study, in which they used the AO/OTA
classification evaluated by x-ray, Fung et al. showed that
interobserver reproducibility is better than the EVJE clas-
sification system.” In addition, in studies conducted with
the AO/OTA classification system, it was determined that
the inter-observer and intra-observer evaluations had high
consistency, but low consistency was observed when su-

bgroups were used.*’

The classification systems for intertrochanteric femur fra-
ctures are based on Pelvis Antero-Posterior (AP) x-ray re-
sults.'® Postero-lateral area fractures, which play important
roles in stability, may go undetected because of insufficien-
cy of the pelvis AP in the sagittal area.'’ More recently, re-
searchers have tried to overcome the limitations of direct
radiography by using advanced imaging methods such as

CT.!*" CT scans provide much clearer information on fra-

cture morphology and fracture line than x-rays.

In the present study, the purpose was to investigate the
interobserver and intraobserver consistency in the main
group AO/OTA classification and in the preference of
implants for treatment by evaluating the Pelvis x-ray and/

or Pelvis CT imaging of intertrochanteric femur fractures.

MATERIAL and METHODS

This is a methodologic and retrospective study. The ra-
diological and medical data of patients who were treated
with the diagnosis of intertrochanteric femur fracture in
the Orthopedics and Traumatology Clinic of the Mar-
mara University Pendik Training and Research Hospital
between January 2018 and October 2019 were analyzed
retrospectively. Participant data were collected from the
electronic database of the training and research hospital.
The ethics approval was obtained from The Marmara Uni-
versity Faculty of Health Sciences Ethics Committee for
Non-Invasive Clinical Studies (Approval date and number:
30.12.2020/80).

The patients were excluded from the study in the absen-
ce of patient imaging, pathological fractures (because of
primary or metastatic tumors), femoral neck fractures,
periprosthetic fractures, previous intertrochanteric femur

surgery, and proximal femoral deformity.

A total of 85 patients who were diagnosed with intertroc-
hanteric femur fracture in the pelvic AP x-ray evaluation
and who had pelvic CT scan for suspected accompanying
fracture were found to be eligible for the study. Five pa-
tients were excluded because of incomplete imaging evalu-
ation. Among the remaining 80 patients, 49 (61.30%) were
female, 31 (38.70%) were male, mean age was 76.53£13.79
years, and left hips were affected in 37 (46.20%) and right
hips were affected in 43 patients (53.80%).

We used a random number table to organize the order in

which the images were evaluated again. Before the eva-
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luation began, two experienced trauma surgeons held a
colloquial discussion about the AO/OTA classification
system.*S Images obtained for each patient were anony-
mized, analyzed independently, and blinded to patients’
names and medical record numbers. Two observers (MK
and HK) were asked to classify each fracture according to
the AO/OTA three main group classification systems with
two different imaging modalities (X-ray and/or CT scan),
interpret them separately without knowing the results of
the other. After the first evaluation of all the images of 80
patients, a second evaluation session was performed after

a two-week period.

In all cases, imaging evaluation consisted of fracture hip
Pelvis AP x-ray and/or axial, coronal, and sagittal section
CT scans. Pelvis AP x-ray examinations were performed
by using x-ray device (DRGem, GXR 825D, Republic of
Korea). Non-contrast CT examinations were performed
by using Philips Ingenuity 128 scanner (Philips Healthca-
re, Cleveland, OH, USA) in 0.50 mm axial slices with 3

mm coronal and sagittal reconstructions.

Statistical Analysis
All analyses were performed on SPSS v22 (SPSS Inc., Chi-
cago, Illinois, USA). Study data were evaluated (mean,
standard deviation, min-max). The comparisons between
groups were analyzed using the Pearson chi-square test for
categorical variables. ICC (Intraclass Correlation Coeffi-
cient) values were obtained for AO/OTA classification to
X-ray, Implant choice to X-ray, AO/OTA classification to
X-ray/CT, Implant choice to X-ray/CT and Bland-Altman
charts were used to evaluate reliability. ICC values below
0.50 are considered to indicate poor reliability; 0.50-0.75,
medium reliability; 0.75-0.90, good reliability; and >0.90,
excellent reliability. Calculated Probability (P-value) < 0.05
was considered to indicate statistically significant differen-

ces.

RESULTS
The median age was 79 (min-max, 30-100) and the female/
male ratio was 49:31 (61.30%/38.70%). The results of the
reproducibility analysis for intraobserver and interobser-
ver consistency are given in Table 1 (intraobserver reliabi-

lity in the first two columns and interobserver reliability in

Table 1. Intra/Inter-observer reproducibility study results in terms of AO/OTA classification and implant preference.

Observational analysis Intra-observer compliance levels-ICC (%95 CI) Intz\—]{;})ss_ircvgr((cyz);r;péi;nce .
Observer 1 Observer 2 Observer 1/ Observer 2

AO/OTA classification to X-ray o, 8’(7)69?)?9 47) o, 92’29_?):797 3) o, 9(())6?:(")?9 61) <0.001

Implant preference to X-ray o, 925_3?97 3) o, 88;9-:(5),29 56) o, 8:3);39—?)?9 54) <0.001

AO/OTA classification to X-ray/CT o, 88;9?),59 58) o, 9;);9?)(’)9 93) (o, 82’59—%),39 14) <0.001

Implant preference to X-ray/CT o, 82193,19 43) o, 9259_2?977) o, 8809—%),99 55) <0.001

ments are considered).
ICC: Intraclass Correlation Coeflicient, CI: Confidence Interval

CT: Computerized Tomography

a statistical significance of intra-observer and inter-observer reliability
The two columns on the left represent intra-observer reliability, and the right column represents interobserver reliability (Initial measure-

AO/OTA: Arbeitsgemeinschaft fiir Osteosynthesefragen/Orthopaedic Trauma Association
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the last column).

For Observer-1, the intra-observer ICC range was betwe-
en 0.861 and 0.973 in all evaluations. For Observer-2, the
intra-observer ICC range was between 0.893 and 0.993 in
all evaluations. These data represented excellent consisten-
cy in terms of intra-observer evaluations for both obser-
vers (P<0.001). The interobserver ICC range was between
0.865 and 0.961 when the first evaluations were conside-
red. These data represented excellent consistency in terms

of interobserver evaluations (P<0.001).

According to AO/OTA on X-ray, 36.20% of the patients
were 31A1, 53.70% were 31A2, and 10% were 31A3. On
X-ray/CT, 26.20% of the patients were 31A1, 65% were
31A2, and 8.70% were 31A3. Significant differences were
detected between the evaluations made according to x-ray
or x-ray/CT for AO/OTA classification (P<0.001). The
AO/OTA classification results of Observer-1 and Obser-
ver-2 according to the x-ray or x-ray/CT first evaluations
are shown in Table 2 and Table 3.

according to X-ray or x-ray/CT

Table 3. AO/OTA classification Observer 2 evaluation results

Observational analysis of the | According to X-ray/CT .
AO/OTA classification 31A1 | 31A2 | 31A3 P
31A1 19 10 1
According to 31A2 0 44 0 <0.001
X-ray
31A3 0 0 6

* Pearson Chi-square Test

paedic Trauma Association
CT: Computerized Tomography

AO/OTA: Arbeitsgemeinschaft fiir Osteosynthesefragen/Ortho-

According to X-rays, implant preference was DHS in
36.20% of patients and IMN in 63.70% of patients. Accor-
ding to X-ray/CT, implant preference was DHS in 26.20%
of patients and IMN in 73.70% of patients. A significant
difference was detected between the evaluations made ac-
cording to x-ray or x-ray/CT in terms of implant preferen-
ce (P<0.001). The implant preference results of Observer-1
and Observer-2 according to the x-ray or x-ray/CT first

evaluations are given in Table 4 and Table 5.

Table 4. Implant preference Observer 1 evaluation results accord-
ing to X-ray or x-ray/CT

Table 2. AO/OTA classification Observer 1 evaluation results
according to X-ray or x-ray/CT

Observational analysis of the | According to X-ray/CT .
AO/OTA classification 31A1 | 31A2 | 31A3 P
31A1 19 10 0
According to 3142 2 41 0 <0.001
X-ray
31A3 0 1 7

According to X-ray/
Observational analysis of the CT .
Implant preference P
DHS IMN
i DHS 19 10
According to <0.001
X-ray IMN 2 49

* Pearson Chi-square Test
AO/OTA: Arbeitsgemeinschaft fiir Osteosynthesefragen/Ortho-
paedic Trauma Association

CT: Computerized Tomography

* Pearson Chi-square Test
CT: Computerized Tomography
DHS: Dynamic Hip Screw
IMN: Intra-Medullary Nail

Table 5. Implant preference Observer 2 evaluation results accord-
ing to X-ray or x-ray/CT

According to X-ray/
Observational analysis of the CT .
Implant preference P
DHS IMN
i DHS 19 11
According to <0.001
X-ray IMN 0 50

* Pearson Chi-square Test
CT: Computerized Tomography
DHS: Dynamic Hip Screw
IMN: Intra-Medullary Nail
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DISCUSSION
In our study, we evaluated the classification of proximal fe-
mur fractures according to AO/OTA main groups and the
preference of implants to be used in the treatment interob-
server and intraobserver. We found excellent interobserver
and intraobserver consistency in terms of AO/OTA classi-
fication. In addition, we observed that the use of x-ray/CT
caused a significant difference in the preference of implant
to be used in the treatment of the proximal femur fracture,
which was evaluated by the observers as AO/OTA 31A1

stable fracture pattern according to x-ray.

Accurate classification of proximal femur fractures is im-
portant in preoperative planning and affects patient positi-
oning and implant preference. Fung et al. showed that inte-
robserver reproducibility is better than EVJE classification
systems in their study, in which they used the AO/OTA
classification evaluated by x-ray.” It is known that the AO
classification has poor reproducibility when subgroups
are considered?®. Better results are obtained when only the
main fracture groups (A1, A2, A3) are considered.””"” In
our study, we used AO/OTA main groups, which can be
the primary guide for selecting implants to be used in the

treatment and increase reproducibility.

Intertrochanteric femur fracture stability is defined in
the AO/OTA and EVJE classification systems.® Segmen-
tal and unstable intertrochanteric femur fractures are
31-A2/31-A3 in the AO/OTA system and Type IV - Type
V in the EVJE System. Preferring the implant suitable for
stability in intertrochanteric femur fractures is one of the
main factors affecting the success of the treatment. A fa-
ilure rate of less than 7% is faced when suitable implants
are preferred for unstable fractures.'®® For this reason,
it is important to use a reliable tool (i.e. that has higher
reproducibility) to evaluate the stability of intertrochante-
ric femur fractures. Van Embden et al. showed low consis-
tency between observers regarding stability in their study,
including intertrochanteric femur fractures with x-ray.*

Isida et al. found that 3DCT had better intra-observer

and inter-observer and x-ray outcomes than conventional
x-rays for fracture stability evaluation and implant prefe-
rence along with interobserver reproducibility. Using pla-
in X-rays, it is difficult to evaluate the posterior fracture
line of the intertrochanteric space." It is also the second
important component for the stability of intertrochanteric
femur fractures in the posteromedial fragment.?* The in-
tegrity or restoration of the posteromedial hinge prevents
varus displacements and retroversion of the proximal frag-
ment.? When the sections were examined, the posterome-
dial fragment could be evaluated more clearly than x-ray.
Although 31A1 stable fracture pattern was identified
in 36.20% of the patients on X-ray, this rate was 26.20%
when CT was added to the evaluation. Considering the
importance of stability in the preference of the appropriate
implant for maintaining the reduction, we believe that CT
evaluation and x-ray will benefit the 31A1 fracture pattern.
CT scans are used to analyze complex fractures, detect
intra-articular fragments, and associated articular surfa-
ce fractures, and define fracture patterns better in surgi-
cal planning. In 1987, Konishi et al. first published their
study describing 3D tomography observations for fracture
typing and configuration analysis.*! In the following ye-
ars, Alexandre et al. showed that Computed Tomography
provides an additional contribution compared to x-ray in
analyzing fracture lines more precisely and detecting late-
ral wall fractures in patients with trochanteric fractures.”
The accompanying lateral wall pattern in intertrochanteric
femur fractures affects fracture stability and the treatment
preference of the surgeon. Some studies suggest using int-
ramedullary implants for stability, especially in patients
with lateral wall fractures accompanying intertrochante-
ric femur fractures.” Again, Hecht et al. showed that CT
provides better and more predictable fixation results in
unstable intertrochanteric femur fractures after preope-
rative use.” In the present study, DHS, which was prefer-
red to apply to stable fracture patterns, was preferred in
36.20% of patients compared to x-ray, and it was preferred
in 26.20% compared to x-ray/CT. We think the CT evalu-

ation and x-ray will be less critical in the treatment of imp-
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lant preference in groups other than 31A1 because implant
preference is for intramedullary fixation in the 31A2 and

31A3 groups with unstable fracture patterns.

The study had a single-center observational design. One
of the study’s limitations was the lack of homogeneity in
the distribution of fracture patterns. Although pelvis AP,
hip AP, and hip lateral standard radiographs could not be
obtained in every patient, at least one pelvis AP image was
included in the standard evaluation of each patient. While
preoperative evaluation is essential in stability evaluation
and implant preference, our study was conducted only
on radiographic data. A randomized prospective clinical
study to be planned considering the results of the present

study will contribute to the literature.

In conclusion, the purpose of the present study was that
CT would increase our understanding of hip fractures,
not to suggest its routine use in such fractures. Preopera-
tive CT scans may provide diagnostic benefits for implant
preference, especially in intertrochanteric femur fractures

evaluated as stable (31A1) according to x-ray results.
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