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Abstract 

Objective  Excessive postoperative sliding is a common complication of intramedullary nails in the treatment of 
intertrochanteric femur fractures. The aim of this study was to identify risk factors for excessive postoperative sliding in 
the intertrochanteric fractures treated with an intramedullary nail.

Methods  A retrospective analysis of 369 patients with femoral intertrochanteric fractures treated with short 
intramedullary nails between February 2017 and September 2020 was performed. Patients were classified into an 
excessive sliding group (ES group) and a control group according to the sliding distance after 6 months of follow-up. 
The proximal medullary filling degree (MFD), fracture reduction patterns in the anteroposterior (AP) view and lateral 
view, and tip-apex distance (TAD) were evaluated and compared in each group.

Results  Thirty-three cases were included in the ES group, and 336 cases were included in the control group. No 
significant differences in age, sex, fracture side, AO Foundation and Orthopaedic Trauma Association (AO/OTA) clas‑
sification, Dorr classification, Singh Osteoporosis Index (SOI), American Society of Anesthesiologists classification 
(ASA), TAD or fracture reduction patterns in the AP view were noted between the two groups. The negative reduction 
pattern can strongly predict excessive postoperative sliding (OR 4.286, 95% CI 1.637–11.216, P = 0.003). The inci‑
dence of excessive postoperative sliding increased by 8.713-fold when the MFD decreased by 10% (OR 8.713, 95% CI 
1.925–39.437, P = 0.005).

Conclusions  A low medullary filling degree and negative fracture reduction pattern in the lateral view were both 
independent risk factors for excessive postoperative sliding.
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Introduction
With the accelerating process of population aging, 
geriatric hip fracture is becoming a major social 
health problem worldwide. By 2050, the incidence of 
hip fracture is expected to be 4.5–6.26 million [1, 2]. 
Internal fixation remains the preferred treatment for 
intertrochanteric fractures. However, the failure rate 
of internal fixation after an intertrochanteric fracture 
has been reported to be as high as 6%—20% [3], and 
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the functional outcome is not satisfactory. Since the 
concept of tip-apex distance [4] (TAD) and Cal-TAD 
[5] has been widely accepted, the incidence of femo-
ral head cut-out has decreased significantly in clinical 
practice. However, excessive sliding of the helical blade 
is often observed during follow-up, especially when 
an intramedullary nail with a sliding helical blade is 
favored in the clinic.

Many clinicians have recognized the importance of 
anteromedial cortex buttress and consciously avoid a 
negative reduction pattern to reduce the incidence of 
postoperative excessive sliding [6–9]. However, in non-
negative reduction patterns, where the anteromedial cor-
tex of the proximal fragment is effectively supported by 
the anteromedial cortex of the distal fragment, excessive 
postoperative sliding still occurred. Excessive sliding can 
lead to hip pain, unacceptable shortening of the femoral 
neck and other hip dysfunctions [10].

This study aimed to investigate the risk factors of exces-
sive sliding in intertrochanteric fractures. Inadequate 
medullary filling of cephalomedullary nails may impair 
the bone-nail overall stability. In this study, we introduce 
a new method to evaluate the medullary filling degree 
(MFD) in intertrochanteric fractures treated with cepha-
lomedullary nails. We hypothesize that excessive post-
operative sliding was associated with inadequate MFD, 
reduction patterns, fracture types, TAD, and medullary 
cavity morphology in intertrochanteric fractures.

Materials and methods
Study population
We retrospectively evaluated the data of patients with 
femoral intertrochanteric fractures who underwent sur-
gery at our hospital from February 2017 to September 
2020. Inclusion criteria: 1. Intertrochanteric fractures 
treated with intramedullary nail with a sliding heli-
cal blade (195  mm in length and 10  mm in distal seg-
ment diameter); 2. Age ≥ 65. Pathological fractures were 
excluded from this study. After further excluding 24 
patients who lost follow-up, 369 patients were finally 
enrolled in this study, including 33 patients with exces-
sive sliding (ES group) and 336 patients without excessive 
sliding (including 3 cut out and 6 varus displacement) 
(control group). A short curved femoral intertrochanteric 
nail (FITN) with a sliding helical blade (Beijing BEST 
Bio-Technical Co. Ltd, Beijing, China) was used for fixa-
tion in all cases. This intramedullary nail with anterior 
curve named BEST-FITN was improved on the basis of 
PFNA-II according to the proximal femoral morphology 
of Chinese patients [11]. All BEST-FITN cephalomedul-
lary nails used in this study were 195 mm in length and 
10 mm in distal segment diameter.

Operative technique and perioperative management
Patients were supine on an orthopedic traction table 
and operated on by the same group of surgeons. Inter-
nal fixation was performed after closed reduction, 
which achieved the Baumgaertner reduction standard 
and the Chang reduction standard. Weight bearing and 
isometric quadriceps exercises were allowed and per-
formed on the first day after surgery. Physical therapists 
were involved in developing rehabilitation protocol for 
each patient.

Postoperative evaluation
Patient information, such as age, sex, fracture side, 
and American Society of Anesthesiologists classifica-
tion (ASA), was collected from the hospital database. 
The tip-apex distance (TAD) [4], reduction pattern in 
AP view and lateral view [12], fracture classification 
according to the AO/OTA classification, Dorr classi-
fication [13], Baumgaertner reduction quality criteria 
(BRQC) [4], and Singh Osteoporosis Index (SOI) [14] 
were evaluated on the preoperative or postoperative 
AP and lateral radiographs. The measurement and clas-
sification methods were described in previous stud-
ies. The fracture reduction pattern in the AP view and 
lateral view was distinguished by the classification of 
Chang [12], and the typical positive, negative and neu-
tral reduction patterns of the radiograph are shown in 
Figure S1. The AO/OTA classification was used in the 
2018 edition without subgroups [15]. Excessive sliding 
was defined as a lateral blade sliding distance of greater 
than 10  mm postoperatively, as previously reported. 
The sliding distance were measured on the 6-months 
follow-up radiographs and the measurement methods 
were described by Tsukada [7] in a previous study. All 
of the parameters were evaluated by two observers. 
The mean TAD was used, and the assistance of a third 
observer judged the controversial categorical data.

Measurement of medullary filling degree in lateral 
fluoroscopy
Fluoroscopic imaging of the hip on a lateral view is a 
standard version when the nail, femoral neck, and head 
are all aligned. In this study, the standard lateral view 
of the hip was obtained when the direction of the fluor-
oscope was 45 degrees to the body’s long axis on the 
horizontal plane without abduction or external rotation 
of the leg (Figure S2). A vacuole sign appeared in the 
proximal femur on lateral fluoroscopy of the hip, which 
crossed with the distal medullary cavity and was always 
clear and recognizable (Fig. 1). We defined the ratio of 
nail diameter to medullary cavity diameter at the lower 
edge of the vacuole sign as the medullary filling degree 
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(MFD). The specific measurement methods of MFD are 
described as follows.

We marked the lowest point of the vacuole sign as P on 
the lateral radiograph. Then, Line L1 was drawn perpen-
dicular to the long axis of the medullary canal through 
point P. Finally, femoral medullary width FW and 
intramedullary nail diameter ND were measured on Line 
L1. The sagittal MFD was calculated as ND/FW (Fig. 2).

Specimen measurements
Specimen measurements were performed in this study. 
The inferior border of the vacuole sign shown on the lat-
eral radiograph was actually 15.7 ± 1.26 mm distal to the 
lower edge of the lesser trochanter on femoral specimens 

(Table S1). The details of the specimen measurement 
method are shown in the supplemental files.

Statistical analyses
Continuous variables were compared using Student’s t 
test, and categorical variables were compared using the 
chi-squared test. Odds ratios (ORs) with 95% confidence 
intervals (CIs) were calculated for dichotomous varia-
bles. The significant independent variables from univari-
ate analysis were entered in multivariable binary logistic 
regression analysis.

Interobserver and intraobserver reliability of TAD 
and MFD were assessed using the intraclass correlation 
coefficient (ICC). The interobserver and intraobserver 
reliability of the SOI, reduction pattern in the AP view, 

Fig. 1  The vacuole sign is shown in the lateral fluoroscopic view (red marked)

Fig. 2  The measurement of MFD. A. Measurement of nail diameter ND (green). B. Measurement of medullary cavity diameter MD. MFD = ND/MD
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reduction pattern in the lateral view, AO/OTA classifi-
cation, and Dorr classification were assessed using the 
kappa coefficient. All statistical analyses were performed 
using  SPSS 22.0 (IBM SPSS Statistics, New York, USA), 
and significance was set at P less than 0.05.

Statement
Our work has been reported in line with the STROBE 
criteria [16].

Results
There were 369 cases of intertrochanteric fractures 
included in this study. Intramedullary nails 195 mm long 
were used to fix all patients. Thirty-three of the 369 frac-
tures exhibited excessive sliding and were included in 
the excessive sliding group (ES group). The typical case 
is shown in Fig. 3. The other 336 fractures were included 
in the control group. The typical case is shown in Fig. 4.

Univariate analysis
No significant difference in age, sex, fracture side, AO/
OTA classification, Dorr classification, SOI, or ASA were 
noted between the ES and control groups (Table 1). The 
mean TAD in the ES group was 19.81 ± 2.48 compared 
with 18.86 ± 3.54 in the control group, and the difference 
between the two groups was not significant. In the reduc-
tion quality analysis, patients in the ES group exhibited 
a significantly different reduction pattern in the lateral 
view compared with the control group. However, BRQC 
and fracture reduction pattern in AP view did not sig-
nificantly differ between the two groups. The MFD was 
significantly lower in the ES group than in the control 
group.

In conclusion, both MFD and the reduction pattern in 
the lateral view may be associated with excessive post-
operative sliding. However, none of the other param-
eters showed significant differences between the two 

Fig. 3  A typical case in the ES group. An 89-year-old women with trochanteric femur fracture by closed reduction and cephalomedullary nail 
fixation. A. The fracture type was classified as 2018 AO/OTA 31 A2. B-C Immediate postoperative fluoroscopy in lateral and AP view showed a good 
reduction quality and the MFD was 47%. D. Follow-up X-ray in 6 months. The AP view showed over-sliding of the helical blade. The sliding distance 
was 17 mm
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groups. The interobserver agreement and intraobserver 
agreement are shown in Table  2. The reliability coeffi-
cient was good for all parameters except SOI and Dorr 
classification.

Negative reduction pattern on the lateral view 
is an independent risk factor for excessive postoperative 
sliding
In the ES group, there were 12 patients with neutral pat-
terns and 21 with negative patterns on the lateral view. 
In the control group, there were 12 patients with posi-
tive patterns, 288 with neutral patterns, and 36 with 
negative patterns in the lateral view (Table 1). We further 
divide the reduction mode into negative and nonnega-
tive (including positive and neutral). A negative reduc-
tion pattern can strongly predict excessive postoperative 
sliding (OR 14.583, 95% CI 3.718–57.198) (Table 3). On 
the lateral view, the incidence of excessive sliding was 
increased 14.583-fold in negative patterns compared with 

nonnegative patterns. After adjustment by multivariate 
binary logistic regression analysis, the incidence of exces-
sive sliding was increased 4.286-fold in negative patterns 
compared with nonnegative patterns in the lateral view 
(OR 4.286, 95% CI 1.637–11.216, P = 0.003) (Table 4).

Low MFD is another independent risk factor for excessive 
postoperative sliding
In terms of proximal medullary filling degree in lateral 
view, the mean MFD of the ES group was 59% ± 6%, 
whereas that of the control group was 71% ± 9%. The dif-
ference between the two groups was significant. Most of 
the MFD values were in the range of 60% to 80%. None 
of the 369 patients with an MFD of greater than 70% 
exhibited excessive postoperative sliding. Although one 
patient with an MFD of 68% exhibited excessive sliding, 
the rate of excessive sliding for the 252 patients who had 
an MFD of 65% or greater was only 1.2% (three) com-
pared with 25.6% (thirty) for the 117 patients with an 

Fig. 4  A typical case in the control group. An 89-year-old women with trochanteric femur fracture by closed reduction and cephalomedullary 
nail fixation. A. The fracture type was classified as 2018 AO/OTA 31 A2. B-C Immediate postoperative fluoroscopy in lateral and AP view showed a 
good reduction quality and the MFD was 76%. D. Follow-up X-ray in 6 months. The AP view showed slight backout of the helical blade. The sliding 
distance was 3.8 mm
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MFD of less than 65%. Compared with MFD > 65%, the 
OR of MFD ≤ 65% was 28.621 (95% CI 3.510–233.407, 
P = 0.000). Of the 324 patients with MFD > 60%, 18 
(5.6%) experienced excessive sliding compared with 15 
of 45 patients with an MFD < 60% (Fig.  5). Compared 
with MFD > 60%, the OR of MFD ≤ 60% was 6.944 (95% 

CI 1.838–26.239, P = 0.001). Furthermore, we included 
positive results in the univariate analysis in the multivari-
ate binary logistic regression analysis. A direct relation-
ship was demonstrated between a decrease in MFD and 
an increased risk of excessive postoperative sliding. The 
incidence of excessive postoperative sliding increased by 
8.713-fold when MFD decreased by 10% (OR 8.713, 95% 
CI 1.925–39.437, P = 0.005) (Table 4).

Discussion
Internal fixation with a sliding device has been used in 
the treatment of intertrochanteric fractures since the 
1970s. The sliding system allows proximal fragment tel-
escopes along the helical blade after loading, which 
increases osseous contact between the proximal and 
distal fragment, maintains a constant neck-shaft angle, 
and reduces the risk of cut-out, cut through, and nonun-
ion compared with previous implants without a sliding 
mechanism [17, 18]. However, this sliding system may 
also increase the risk of excessive backout of lag screw/ 
helical blade [19, 20], resulting in hip pain, unacceptable 
shortening, or rotation deformity of the limb with poor 
function [21, 22].

In intertrochanteric fractures, most bone-to-bone 
impaction occurs on the posterior cortex, and the poste-
rior cortex is thin and often comminuted when the frac-
ture occurs [7, 23]. In contrast, the anteromedial cortex is 
thick and reliably provides support, limits sliding of the 
head-neck fragment, maintains the length of the femoral 
neck, and reduces the sliding distance of the helical blade 
[12, 24]. Rha et  al. retrospectively analyzed 76 intertro-
chanteric fractures fixed using 135° sliding compression 
screws and plates and found that excessive postopera-
tive sliding was associated with the loss of the buttress 
of the anterior or medial cortex [25]. In the current clini-
cal consensus, the negative reduction pattern in the AP 
view before nail insertion was inadequate reduction and 
needed further manipulation. In addition, it is easy to 
transform a negative medial cortical position to a posi-
tive or neutral relation in the AP view by manual fracture 
reduction. This enables the negative reduction pattern in 
the AP view to rarely occur in reality and makes the com-
parison of different reduction patterns in the AP view 
with excessive sliding less relevant [26]. Therefore, many 
researchers highlight the importance of reduction in the 
lateral view and indicate that excessive sliding is signifi-
cantly correlated with negative reduction patterns on the 
sagittal plane in the lateral view [6–9, 26]. In this study, 
our results also correspond with this point.

A negative reduction pattern in the lateral view indi-
cates a loss of the buttressing effect of the anterior cortex 
and instability of bone-nail construction on the sagittal 
plane. After loading, the proximal fragment together with 

Table 1  Univariate analysis of patient demographics and clinical 
characteristics

& Student’s t test
‡ Chi-squared test
* Statistically significant

Characteristic ES group Control group P-value

age 80.91 ± 8.58 82.50 ± 7.12 0.491&

Gender (Male/Female) 33(6/27) 336(99/237) 0.429 ‡

side (Left/Right) 33(18/15) 336(153/183) 0.567‡

TAD 19.81 ± 2.48 18.86 ± 3.54 0.389 &

MFD 0.59 ± 0.06 0.71 ± 0.09 0.000&*

AO/OTA classification 0.380‡

A1 0 42

A2 33 285

A3 0 9

BRQC 0.541‡

good 3 54

acceptable 30 282

Reduction pattern in AP view 0.831‡

Positive 6 78

Neutral 27 252

Negative 0 6

Reduction pattern in Lateral 
view

0.000‡*

Positive 0 12

Neutral 12 288

Negative 21 36

SOI 0.834‡

1 0 6

2 6 69

3 18 117

4 9 129

5 0 12

6 0 3

Dorr classification 0.612‡

A 3 69

B 21 201

C 9 66

ASA 0.891‡

I 3 24

II 12 159

III 18 150

IV 0 3

Follow-up (month) 15.82 ± 7.05 13.62 ± 4.55 0.591&
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the intramedullary nail tends to swing sagittally with the 
distal locking screw as the axis. The anterior cortical non-
negative buttress pattern we have advocated can effec-
tively resist this trend of sagittal movement through the 
bone to bone buttress on the anterior cortex and enhance 
the stability of the bone-nail construction on the sagittal 
plane.

Previous studies suggested that the degree of nail 
movement in the intramedullary region is inversely cor-
related with nail diameter and directly correlated with 

the instability of fracture [27]. In this view, large-diame-
ter intramedullary nails and small anteroposterior-diam-
eter medullary cavities are also beneficial for the stability 
of the bone-nail constructure. We expect the ratio of the 
intramedullary nail diameter to medullary cavity diam-
eter to reflect the stability of the bone-nail structure in 
the sagittal plane. The posterior cortex of the proximal 
femur is often comminuted in intertrochanteric fractures 
(A2 type) and is unable to limit the sagittal movement of 
nails. Therefore, it is reasonable to evaluate the degree of 
nail movement on the sagittal plane at the fracture line’s 
distal level. According to the study of intertrochanteric 
fracture maps, the mean distal cortical extension of the 
fracture line from the lower edge of the lesser trochanter 
was 13  mm [28, 29]. The low edge of the vacuole sign 
that appeared on the lateral view of fluoroscopy was 
15.7 ± 1.26 mm to the lower edge of the lesser trochanter 
on the femoral specimens. Thus, it is reasonable to assess 
the degree of nail movement on the sagittal plane based 
on the ratio of nail diameter to medullary cavity diameter 
at the lower edge of the vacuole sign.

Previous studies were too complex due to the measure-
ment method of the filling degree of the medullary cavity. 

Table 2  Intraclass correlation coefficient of paraments measured in research

ICC Intraclass correlation coefficient, κ Kappa coefficient, CI Confidence interval

Paraments Interobserver agreement (ICC or κ, 95% CI) Intraobserver 
agreement (Icc or κ, 
95% CI)

MFD, ICC 0.845 (0.785–0.889) 0.825 (0.759–0.874)

Tip-apex distance, ICC 0.936 (0.910–0.955) 0.887 (0.843–0.920)

SOI, κ 0.462 (0.348–0.576) 0.390 (0.280–0.499)

Reduction pattern in AP view, κ 0.914 (0.829–0.998) 0.893 (0.801–0.985)

Reduction pattern in Lateral view, κ 0.878 (0.774–0.982) 0.873 (0.765–0.981)

AO/OTA classification, κ 0.721 (0.549–0.893) 0.619 (0.421–0.817)

Dorr classification, κ 0.755 (0.651–0.859) 0.587 (0.471–0.703)

Table 3  The results of univariate binary logistic regression analysis

* Statistically significant

Characteristic ES group Control group OR (95% CI) p-value

Reduction pattern in Lateral 
view

14.583 (3.718–57.198) 0.000*

Non-negative 12 300

Negative 21 36

MFD 28.621 (3.510–233.407) 0.000*

 > 65% 3 249

 ≤ 65% 30 87

MFD 6.944 (1.838–26.239) 0.001*

 > 60% 18 300

 ≤ 60% 15 36

Table 4  The results of multivariate binary logistic regression 
analysis

† This is a comparison between negative reduction patterns and nonnegative 
reduction patterns
# The odds ratio was calculated by considering a 10% increase in MFD
* Statistically significant

Characteristic Exp(B) (95% CI) p-value

Reduction pattern in Lateral 
view

4.286 (1.637–11.216) † 0.003*

MFD 8.713 (1.925–39.437) # 0.005*
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The clinical guidance and application were weak [27]. 
Some studies only took the diameter of the intramedul-
lary nail into account without regard to the medullary 
cavity diameter [30]. Compared with previous methods, 
our measurement of MFD is more reasonable and eas-
ier to perform. Importantly, the MFD was measured by 
intraoperative fluoroscopic images in this study. There-
fore, MFD can be easily estimated during an operation to 
provide a valid reference for intraoperative intramedul-
lary nail selection and placement.

Our study suggested that MFD should be greater than 
60%, preferably greater than 65%. This requirement indi-
cates to choose an intramedullary nail with a larger diam-
eter as much as possible, provided that it can be manually 
inserted without shaft reaming in geriatrics. Moderately 
increasing the intramedullary nail diameter can reduce 
the sway range of intramedullary nails in the medullary 
cavity and improve the overall stability of bone-nail con-
struction in the sagittal plane. Current intramedullary 
nails are primarily large diameter in the proximal seg-
ment and small diameter in the distal segment. There-
fore, it is also beneficial to place intramedullary nails 
as deep as possible. The moderate increase in the sagit-
tal diameter of the nail may also represent an improved 
approach for intramedullary nailing. We believe that 
sagital MFD in lateral view is helpful in predicting exces-
sive postoperative sliding. The routine intraoperative 
estimation of MFD can increase the surgeon’s awareness 
of the incidence of excessive sliding and help guide oper-
ative decision-making.

Despite these findings, this study had limitations. As 
a single-center retrospective study, it has limitations 
in generalizability and selection bias, which limits its 
applicability. All of the CT data used in this study were 

obtained from Asians. Whether the results would be suit-
able for other ethnicities requires further investigation.

Conclusion
In conclusion, a low medullary filling degree and negative 
fracture reduction pattern in the lateral view were both 
independent risk factors for excessive postoperative sliding.
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