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Abstract

Objective: To discover the key evaluation tool of the cephalic fixation position for predicting implant failures in geriatric
intertrochanteric fracture (ITF) patients treated with internal fixations after achieving an acceptable reduction.
Methods: We measured the geriatric ITF patients undergoing single-screw cephalomedullary nailing (CMN) fixation
surgery after obtaining the acceptable reduction (including anatomical reduction and positive medial cortex support
reduction) in our treatment group between September 2016 and March 2020 by using four kinds of cephalic fixation
position evaluation tools including Cleveland zone system, Parker’s ratio index, tip—apex distance (TAD), calcar-
referenced TAD (CalTAD), and analyzed which were the key evaluation tools for measurement of cephalic fixation position
for prediction of implant failures in geriatric ITF patients with internal fixations. Results: Seventy-four ITF patients treated with
single-screw CMN fixation after obtaining the acceptable reduction were enrolled in this study. Of the 74 patients, nine cases
were observed with implant failures. There were six cases of cut-out and three of pending cut-out. We found that TAD (odds
ratio (OR)=1.149; 95% confidence interval (Cl), 1.00-1.32; P=.046) and CalTAD (OR=1.140; 95% ClI, 1.00-1.30; P=.037)
were risk factors for implant failures by univariate analysis, while only CalTAD (OR=1.200; 95% Cl, 1.032—1.395; P=.018) was
the independent risk factor for implant failures by multivariate analysis. The Kappa coefficient (k) of CalTAD was .976 (95% Cl,
.966—.984) by ICC analysis. The ROC analysis showed that the best cut-off value of CaITAD was 23.76 mm with a sensitivity of
77.8% and specificity of 72.3% (area under the curve, AUC =.775; P =.001). Conclusions: CalTAD is the key evaluation tool
for measurement of cephalic fixation position for predicting implant failures in geriatric ITF patients treated with single-screw
CMN after obtaining the acceptable reduction.
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Figure |. Three kinds of medial wall reduction. Anatomical reduction: the cortex of proximal fragment and distal shaft fragment
contacted smoothly (a). Positive medial cortex support (PMCS): The proximal cortex displaced medially to the upper edge of distal
cortex (b). Negative medial cortex support (NMCS): The proximal cortex displaced laterally to the upper edge of distal cortex (c).
Both Anatomical reduction and PMCS are called as acceptable reduction (a, b).

Introduction

With the aging population increasing globally, intertrochan-
teric fracture (ITF), which leads to numerous morbidity,
mortality, and financial burden to family and society, are on
rising every year with an expected incidence of 4.5 million
in 2050."

Usually, ITF is treated with internal fixation because in-
ternal fixation can reduce mortality, relieve pain and improve
the quality of daily life.” Although internal fixation devices
and operative techniques have been developed rapidly, im-
plant failure in ITF patients is still widely reported with the
failure rate varying from 3.2% to 20.5%.%'° Thus, how to
prevent implant failures is critical to geriatric ITF
patients.

No doubt, the causes of implant failures in ITF patients
are multi-factorial. Usually, bone quality, fracture severity,
reduction quality, fixation type, and fixation position are
the risk factors of implant failure in ITF patients. Unfor-
tunately, what we can change are only the quality of re-
duction, the type of fixation, and the position of fixation.
Therefore, we should do our best to achieve good reduction,
select suitable fixation, and put the fixation in right place.

Of course, reduction quality is the first importance in
ITF internal fixation. If the reduction is poor, the implant
tends to fail. It is well known that reduction, particularly
the medial cortex reduction, is the most important factor
for preventing implant failures in ITF patients.>’'!"'
However, there are only three kinds of reductions of

ITF (Figure 1): anatomical reduction (Figure 1(a)), positive
medial cortex support reduction (Figure 1(b)), and nega-
tive medial cortex support reduction (NMCS reduction,
Figure 1(c)). Since anatomical reduction and positive
medial cortex support reduction can result in better bio-
mechanical effects and clinical outcomes,7’11 we can
consider these two kinds of reductions as acceptable re-
ductions. Therefore, we commonly attempt to obtain an
acceptable reduction at least. Indeed, we tend to restore the
exact cortical contact by reaching the anatomical reduction
during surgeries rather than merely achieve positive medial
cortex support reduction.

However, implant failures still happen even in the cases
with the acceptable reduction. The failures are mostly
contributed by both fixation selection and fixation position.
Nowadays, the cephalomedullary nail (CMN) with a lag-
screw or a helical blade is the most used for ITF treatment;
therefore, the cephalic fixation position is the most im-
portant role to prevent implant failures if we treat our ITF
patients with CMN after obtaining an acceptable reduction.

Unfortunately, we are usually confused because there
are so many studies on evaluation tools of cephalic fixation
position including Cleveland zone system,'> Parker’s ratio
index,® tip-apex distance (TAD),’ calcar-referenced TAD
(CalTAD)," and all of the tools are so important in their
studies. However, little discussion about which tool is the
key tool of cephalic fixation position for predicting implant
failures in ITF patients with internal fixation after ob-
taining an acceptable reduction in published literature.
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2. Treated with internal fixation

Inclusion criteria (n=146)

1. Intertrochanteric fractures according to AO/OTA classification

3. underwent surgeries in our treatment group between September 2016 and March 2020

Exclusion criteria (n=72)
1. Age < 65 years (n=6)
2. Pathological fractures (n=4)
3. Loss of preoperative or postoperative radiographs (n=3)
4. with none of single-screw CNIN internal fixation (n=27)
5. with NMCS reduction intraoperatively (n=13)
6. without any implant failures while radiographic follow-up
less than 90 days (n=19)

Eligible (n=74)

Cut-out/pending Cut-out (n=9)
(Failure group)

Without Cut-out (n=65)
(Non-failure group)

Figure 2. Flow of patients through the study.

Although Kashigar indicated that CalTAD was the only
significant risk factor for the cut-out in CMN fixation, there
were 33 (43%) patients with poor reduction in their
study.'”

So we hypotheses that there should be a key tool among
these evaluation tools which can predict implant failures of
ITF patients with internal fixation after achieving ac-
ceptable reduction. If we discover the key evaluation tool,
we may avoid implant failures in geriatric ITF patients with
internal fixation.

Therefore, the purpose of this study is to identify the
key evaluation tool of cephalic fixation position for pre-
diction of implant failures in geriatric ITF patients un-
dergoing single-screw CMN internal fixation after
obtaining an acceptable reduction. We find that CalTAD is
the key evaluation tool of cephalic fixation position for
prediction of implant failures in geriatric ITF patients
treated with single-screw CMN internal fixation after
obtaining an acceptable reduction.

Methods

This study was approved by the Ethics Committee of
Guangzhou First People’s Hospital. Clinical and

radiological data were collected from the Hospital Infor-
mation System (HIS) in our hospital. The inclusion criteria
of this present study were the patients: (1) diagnosed as
ITF, (2) with internal fixation, (3) underwent surgeries in
our treatment group between September 2016 and March
2020. And the exclusion criteria were the patients: (1) aged
less than 65 years, (2) with pathological fracture, (3) without
preoperative X-ray radiographs, (4) with none of single-
screw CMN internal fixation, (5) with NMCS reduction
intraoperatively, and (6) without any implant failures while
radiographic follow-up less than 90 days. (Figure 2)

Clinical data including age, gender, fracture site,
fracture type, Singh index, American Society of Anes-
thesiologists (ASA) classification, New York Heart As-
sociation (NYHA) classification, anesthesia, fixation type,
and cephalic nail position were analyzed.

Radiological parameters were obtained from preoper-
ative, intraoperative, or the first postoperative X-ray and
radiographic follow-ups. The fractures were graded based
on the AO/OTA classification (2018 version).'® Singh
Index was used to evaluate osteoporotic degree on the
preoperative anteroposterior (AP) view.'’

The cephalic nail position was evaluated by four kind
evaluation tools including tip-apex distance (TAD),’
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calcar-referenced TAD (CalTAD),' Cleveland zone sys-
tem),"” and Parker’®s ratio index on AP and lateral views.

Implant failures included cut-out and varus deformity
(pending cut-out). Cut-out was extrusion of the cephalic nail
from the superior femoral head. Pending cut-out was the
presence of over 15° decrease of neck-shaft angle (NSA)
without penetration or cut-out of the cephalic nail on the AP
view in the last radiographic follow-up compared with the
NSA on the AP view in the first radiograph right after
surgeries. Non-implant failure was the presence of the ra-
diological bone union without implant failures after surgery.

All calibrations were performed using Digimizer
(version 5.4.4 MedCalc Software) by referencing cephalic
nails diameter. And all parameters were measured by an
orthopedist (Jian-wen Huang) three times in one-month
intervals. The median reliability for the radiological
measurement is .907 (range, .725—.958), which indicated
excellent intraobserver reliability.

Statistical Analysis

With the occurrence of implant failures as the dependent
variable, Student’s t-test or Mann—Whitney U test was used
for the continuous variables and chi-square test for the
categorical variables, respectively. A univariate logistics
regression was used for crude odds ratio (OR) with a 95%
confidence interval (CI).

Four kinds of cephalic fixation position evaluation tools
including the Cleveland zone system, Parker’s ratio index,
TAD, and CalTAD were entered in multivariate analysis
with a backward likelihood ratio method for the best
model. All variables at multivariate analysis were analyzed
for the intraclass correlation coefficient (ICC) for con-
tinuous variables and with k coefficients for categorical
variables, respectively.'® A one-way random-effects model
with 95% CI was performed to obtain the average mea-
sures ICC. And « coefficients were calculated with 95%
CI. Receiver-Operating Characteristic (ROC) curve was
used for the best cut-off value of the significant continuous
variable at multivariate analysis.

All analyses were performed using SPSS (IBM SPSS
Statistic for Windows, Version 25.0. Armonk, NY: IBM
Corp). All tests were two-sided and the P-value below .05
was considered statistically significant.

Results

There were 430 ITF patients treated with internal fixation
in our department, while merely 146 ITF patients were
treated in our treatment group (all surgeries were per-
formed by one senior orthopedist). Consequently, only 74
eligible patients enrolled in this study (the surgical tech-
nique was standardized and every one received similar nail
and locked distally using standard technique). Of the 74

patients, 9 were observed with implant failures (Failure
group), and 65 were found bone union without implant
failures (non-failure group). There were 27 males and 47
females with an average age of 80.3 years (range 65-96
years). Of these, the mean follow-up was 335 days (range
90-1242 days). Overall, nine cases (12.7%) in the Failure
group were observed with implant failures including six
cases of cut-out, three of pending cut-out, and 65 patients
(87.3%) in the Non-failure group were noted with the
radiological union without implant failures at the last
follow-up. The ITF was categorized as 37 Al (50.0%), 34
A2 (45.9%), and 3 A3 (4.1%). There were no significant
differences in demographic data including age, gender,
fracture site, fracture type, and Singh index, anesthesia,
ASA, and NYHA between the two groups using univariate
analysis (Table 1).

In the operative factors, no significances were found
except TAD (P=.046) and CalTAD (P=.037) utilizing
univariate analysis (Table 1). Cephalic fixation was located
in six of the nine zones within the femoral head based on
the Cleveland zone system. Overall, no case was ob-
served with the poor placement while 10 with ques-
tionable (13.5%) and 64 with acceptable (86.5%). Most of
the nail position was in Zone 5 (44/74), of which four
cases suffered from implant failures. The failure rate was
highest (50%) in Both Zone 3 and Zone 4 while lowest in
Zone 8 (5.9%), but the difference in the cephalic nails
position was not significant between the two groups
(P=.097). Similarly, there were no significant differences
to Parker’s ratio both on the AP view (P = .556) and
lateral view (P = .698).

In the comparison of the Non-failure group, the
Failure group significantly had bigger TAD (22.44 mm
vs 18.86 mm, P=.046) and bigger CalTAD (27.99 mm
vs 23.60 mm, P = .037) by means of univariate
analysis.

Cleveland zone system, Parker’s ratio index, TAD, and
CalTAD were selected for confounders controlling at the
multivariate analysis. Statistical differences were only found
in CalTAD (Adjusted OR=1.200; 95%CI, 1.032-1.395;
P=.018) at multivariate analysis (Table 2). The best cut-off
value of CalTAD in ROC curve was 23.76 mm (Area under
the ROC curve (AUC) =.775; 95%Cl, .663-.864; P=.001)
(Figure 3). The k value of CalTAD was .976 which indicated
that CalTAD was good reliability of significant factors for
prediction of implant failures by ICC analysis (Table 3).

Discussion

Disregarding reduction quality to discuss the relationship
between the implant failures and the cephalic fixation
position in ITF internal fixation is unreasonable, irre-
sponsible, and meaningless. Reduction and how to eval-
uate it are the most important in ITF internal fixation. No
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Table 1. Univariate analysis of clinical-related data.

Non-Failure Group (n=65) Failure Group (n=9) P-value

OR (95% Cl)

Factor Overall (n=74)
Age, (MeanzSD, years) 80.3+8.4 80.0+8.4
Gender (%)
Male 27 (36.5) 25 (92.6)
Female 47 (63.5) 40 (85.1)
Fracture site (%)
Left 43 (58.1) 39 (90.7)
Right 31 (41.9) 26 (83.9)
AO/OTA classification (%)
31AI 37 (50.0) 34 (91.9)
31A2 34 (45.9) 28 (82.4)
31A3 3(4.1) 3 (100)
Singh index (%)
2 3 (4.1) I (33.3)
3 32 (43.2) 28 (87.5)
4 35 (47.3) 32 (914)
5 4(54) 4 (100)
ASA (%)
2 32 (43.2) 30 (93.8)
3 39 (52.7) 32 (82.1)
4 3(4.1) 3 (100)
NYHA (%)
| 10 (13.5) 10 (100)
2 53 (71.6) 45 (84.9)
3 I (14.9) 10 (90.9)
Anesthesia (%)
Spinal 59 (79.7) 52 (88.1)
General 15 (20.3) 13 (86.7)
Fixation type (%)
Blade 18 (24.3) I5(83.3)
Screw 56 (75.7) 50 (89.3)
Cleveland zone system (%)
Poor 0 0
Questionable 10 (13.5) 7 (70.0)
Acceptable 64 (86.5) 58 (90.6)

Parker’s ratio, AP (range)
Parker’s ratio, Lat (range)
TAD (mm, range)
CalTAD (mm, range)

49.7 (24.6-70.7)
492 (23.9-74.9)
19.30 (10.66-30.97)

49.3 (24.6-70.5)
489 (25.3-67.7)

18.86 (10.66-30.97)
24.13 (11.25-38.27) 23.60 (11.25-38.27)

81.348.5 611 982 (.92-1.05)
472% 2.188 (42-11.38)
2 (7.4)
7 (14.9)
A478% | .875 (46-7.64)
4(93)
5 (16.1)
525°  N/A
38.1)
6 (17.6)
0(0)
086*  N/A
2 (66.7)
4 (12.5)
3 (8.6)
0(0)
284 N/A
2 (6.2)
7 (17.9)
0(0)
630" N/A
0
8 (15.1)
1 (9.1)
1.000° 1.143 (21-6.26)
7 (11.9)
2 (13.3)
679% 600 (.13-2.70)
3(16.7)
6 (10.7)
0975 241 (05-1.19)
0
3 (30.0)
6 (9.4)
54.5 (39.8-70.7) 5567 1.064 (.98-1.15)
51.2 (23.9-74.9) 698" 1.021 (.95-1.09)
22.44 (13.47-30.85) 046" 1.149 (1.00-1.32)
27.99 (18.50-36.48)  .037° 1.140 (1.00-1.30)

fStudent’s t-test.
*Chi-square test.
N/A not applicable.

OR, odds ratio; Cl, confidence interval; AO/OTA, AO Foundation and Orthopaedic Trauma Association; ASA, American Society of Anesthesiologists;
NYHA, New York Heart Association; AP, anteroposterior view; Lat, lateral view; TAD, tip—apex distance; CalTAD, calcar-referenced tip—apex

distance.

doubt that anatomical reduction is the best for ITF.
However, an anatomical reduction is exactly difficult in all
geriatric ITF patients because of their aging. As we know,
the acceptable reduction (anatomical reduction and posi-
tive medial cortex support reduction) can result in better
mechanical effects and clinical outcomes.”!! Therefore,
the acceptable reduction is reasonable for geriatric ITF

patients. After achieving acceptable reduction, the most
important are fixation selection and fixation position.
Nowadays, single-screw CMN is the most used fixator to
treat ITF. Therefore, fixation position is the key factor for
ITF treatment. And how to evaluate the fixation position of
the cephalic fixation is the most important in ITF internal
fixation during surgeries. We found that CalTAD was the
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Table 2. Multivariate analysis of fixation position evaluations.

Table 3. Reliability for significant variables.

Factor OR 95% ClI P-value Factor ICC or x 95% Cl

Cleveland zone system 964 .450-2.065 926 Cleveland zone .749 .622-876
Parker’s ratio, AP view 1.038 891-1.146 872 Parker’s ratio, AP view 931 .892-956
Parker’s ratio, Lat view 1.033 .962-1.109 367 Parker’s ratio, lateral view 927 .886—.953
TAD 1.090 .890-1.335 403 TAD 916 .890-991
CalTAD 1.200 1.032—-1.395 018 CalTAD 976 .966-.984

OR, adjusted odds ratio; Cl, confidence interval; TAD, tip—apex distance;
CalTAD, calcar-referenced tip—apex distance.

CalTAD
100 |—
80— I -
B Sensitivity: 77.8 -
= Specificity: 72.3
| Criterion: >23.76
= 60—
= B
'z =
H =
@A 40—
20 _—
= AUC=0.775
P=0.001
0
| I BT B ST
0 20 40 60 80 100
100-Specificity

Figure 3. Receiver-Operating Characteristic (ROC) curve
indicated that the best cut-off value of CalTAD was 23.76 mm.
(the area under curve (AUC) = 0.775. Sensitivity = 77.8,
specificity = 72.3, P = 0.001).

key evaluation tool of cephalic fixation position for
predicting implant failures in the geriatric ITF patients
treated by single-screw CMN after obtaining an ac-
ceptable reduction in this retrospective study. And the
optimal CalTAD was less than 23.76 mm for avoiding
implant failures.

CalTAD is More Reasonable to Predict Implant Failures

As we have known, the emphasis of the Cleveland zone
system, Parker’s ratio index, TAD, and CalTAD are dif-
ferent. Both the Cleveland zone system and Parker’s ratio
index mostly emphasize on illustration of the cephalic
fixation location. TAD emphasizes on the measurement of
the cephalic fixation depth. While CalTAD, a modified
TAD, is highly combined with the evaluation of cephalic
fixation location and measurement of the cephalic fixation
depth. Therefore, CalTAD is more reasonable to predict
implant failures in ITF patients with internal fixation.

ICC, intraclass correlation coefficient; k, Kappa coefficient; Cl, confidence
interval; TAD, tip—apex distance; CalTAD, calcar-referenced tip—apex
distance.

TAD, a reliable predictor for screw cut-out first reported
by Baumgaertner, was widely used for illustrating the
placement of cephalic nails at the time of operation.’
Baumgaertner suggested that TAD should be lower
than 25 mm for preventing cut-out in both extra-
medullary and intramedullary fixations.” In terms of
CMN, John reported that TAD with 23.56 mm was the
most sensitive for predicting cut-out.'® Our study
confirms a bigger TAD as the risk factor for implant
failures (OR=1.149; 95%CI, 1.00-1.32; P = .046) by
univariate analysis, but not as an independent predictor
by multivariate analysis.

However, CalTAD, as a modified TAD, is highly
combined with the evaluation of cephalic fixation location
and measurement of the cephalic fixation depth. CalTAD
was different from TAD because CalTAD favored an
inferior—central region of the femoral head as the optimal
cephalic nail position. CalTAD differed from TAD only in
AP view while the same as TAD in lateral view. We
calculated CalTAD based on the line which passed through
the apex of the femoral calcar and paralleled to the
longitudinal axis of the femoral neck in AP view. Cal-
TAD, therefore, favored inferior—central placement of the
cephalic fixation.'” The significance of CalTAD in both
the univariate analysis (P = .037) and the multivariate
analysis (P=.018), combined with the almost perfect
intraclass correlation coefficient shown in this study,
supported that CalTAD was the only significant predictor
of implant failures for geriatric ITF with CMN internal
fixation.

Kashigar also reported that implant failures such as
cut-out could not be there when CalTAD <20.98 mm. '’
Coinciding with Kashigar’s conclusion,'® our study
further confirmed that the best cut-off value in the ROC
curve was 23.76 mm (P < .001). There is consensus in
the literature that individual differences and geomet-
rical characteristics correlated to the precise cut-off
value.”?! Moreover, the same as Kashigar and
Kane, we postulate that a smaller CalTAD is likely
to reduce the risk of implant failures.

10,22
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Limitations or Weakness

There were still several limitations in this study. First, it
was a retrospective study that cannot eliminate bias.
Second, we only enrolled patients who underwent
single-screw CMN implants; as a result, the conclusion
might not apply to other kinds of internal fixation. Third,
the sample size of this study was small, so further
prospective investigations were needed to confirm these
findings.

Conclusion

CalTAD is the key evaluation tool of cephalic fixation
position for prediction of implant failures in geriatric ITF
patients treated with single-screw CMN after obtaining an
acceptable reduction.
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