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Abstract 

Background: To investigate the predictive value of the Singh index for the risk of InterTAN intramedullary fixation 
failure in elderly patients with intertrochanteric fracture to guide clinical treatment.

Methods: A total of 360 patients were divided into the Singh (I ~ II) (n = 120), Singh (III ~ IV) (n = 120) and Singh 
(V ~ VI) (n = 120) groups. Visual analog scale (VAS) and Harris scores were recorded at 1, 6, 12, 18 and 24 months after 
the operation. The correlation between the Singh index and the T-score of the total hip and femoral neck was ana-
lyzed. Logistic regression was used to analyze the relationship between the Singh index and internal fixation failure; 
the types of internal fixation failure were also analyzed.

Results: The Harris scores of the Singh (I ~ II) group were lower than those of the Singh (III ~ IV) and Singh (V ~ VI) 
groups 12, 18 and 24 months after surgery (P < 0.05). The Singh index was significantly correlated with the T-score of 
the total hip and femoral neck (P = 0.00, r = 0.89; P = 0.00, r = 0.83). The Singh (I ~ II) group had the lowest internal fixa-
tion survival rate within 24 months (P = 0.01). The Singh index was an independent predictor of internal fixation failure 
(P < 0.05). Lag screw cutting-out was the main type of internal fixation failure in the three groups (P = 0.00).

Conclusion: The Singh index is significantly correlated with the bone mineral density of the femoral neck and total 
hip. The Singh (I ~ II) group had lower Harris scores and a lower internal fixation survival rate than the other two 
groups. The Singh index is an independent predictor of internal fixation failure, especially lag screw cutting-out, after 
InterTAN fixation.
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Background
At present, there are a variety of methods used to treat 
intertrochanteric fractures in elderly patients, includ-
ing the dynamic hip system (DHS), femoral intramed-
ullary nails, hip replacement, etc. [1–4]. For unstable 

intertrochanteric fractures, intertrochanteric antegrade 
nail (InterTAN) fixation is the main method used. It has 
achieved satisfactory clinical results in some clinical stud-
ies [5–9]. Although some articles have proven that Inter-
TAN has more advantages than other methods [2, 5]. 
internal fixation failure is a common complication [10]. 
Some studies have proposed the concept of tip-apex dis-
tances (TADs). Studies believe that a TAD < 25  mm can 
effectively reduce the cutting-out rate of the lag screw 
[11, 12]. In recent years, some studies have shown that 
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the thickness of the lateral wall, satisfactory reduction 
and positive support of the medial wall can also affect the 
survival time of internal fixation [13–16].

Although continuous improvements in technical meth-
ods have reduced the incidence of internal fixation fail-
ure, the clinical incidence of intramedullary nail failure 
in elderly patients with intertrochanteric fracture is still 
high. For elderly patients with femoral intertrochanteric 
fracture, although some patients have an ideal TAD, lat-
eral wall thickness and medial wall support and satisfac-
tory reduction, internal fixation failure still occurs after 
surgery. The reason for this situation is not clear. This 
study speculates that the most likely factor is osteoporo-
sis. Therefore, a simple, inexpensive and effective imag-
ing-based evaluation method that can predict the risk of 
internal fixation failure is urgently needed in the clinic.

In 1978, Singh et al. [17] proposed the concept of the 
Singh index, which is a semiquantitative morphologi-
cal index used to determine the loss of trabecular bone 
in the proximal femur by X-ray plain film. Singh divided 
trabecular bone into 6 grades according to the change 
in trabecular bone in the proximal femur, and the loss 
of trabecular bone gradually increased with decreasing 
grade. Some studies have shown that the Singh index has 
a significant correlation with the mechanical strength of 
the hip [18, 19]. Some studies have taken it as an impor-
tant index for predicting hip fracture [20, 21], but few 
studies have used it as an imaging tool to predict internal 
fixation failure after InterTAN fixation.

The Singh index, as a semiquantitative index of bone 
trabecular density of the hip, may indirectly reflect the 
bone strength of the hip. This study hypothesized that 
the Singh index is an independent risk factor for Inter-
TAN fixation failure and is related to survival time. It can 
be used as a simple and inexpensive imaging-based eval-
uation tool to guide the selection of appropriate clinical 
treatment.

Materials and methods
All experimental protocols were approved by the Eth-
ics Committee of General Medical 300 Hospital and 
informed consent was obtained from all patients. All 
methods were carried out in accordance with relevant 
guidelines and Declaration of the Helsinki. This study ret-
rospectively analyzed 360 elderly patients with intertro-
chanteric fractures from 2015 to 2020. All patients were 
treated with InterTAN intramedullary nailing (Trigen, 
Smith & Nephew, London). None of the patients received 
regular bisphosphonate anti-osteoporosis treatment after 
the operation. All patients underwent preoperative pel-
vic plain film radiography, and the Singh index was cal-
culated by an experienced imaging physician. Patients 
were divided into the Singh (I ~ II) (n = 120, Singh I = 65, 

Singh II = 55), Singh (III ~ IV) (n = 120, Singh III = 60, 
Singh IV = 60), and Singh (V ~ VI) (n = 120, Singh V = 70, 
Singh VI = 50) groups. According to the anteroposterior 
and lateral hip X-rays after surgery, the TAD, preopera-
tive lateral wall thickness, and postoperative difference in 
cervical shaft angle of each group were statistically ana-
lyzed (Table 1).

Inclusion and exclusion criteria
The inclusion criteria were as follows (Fig.  1): 1) aged 
80–90  years; 2) good motor function prior to injury; 3) 
ability to cooperate with doctors for rehabilitation exer-
cise; 4) bilateral hip joint X-ray availability; and 5) no his-
tory of long-term hormone use. The exclusion criteria 
were as follows: 1) multiple fractures; 2) old or pathologi-
cal intertrochanteric fracture; 3) femoral neck fracture or 
subtrochanteric fracture; and 4) severe respiratory, circu-
latory, and endocrine diseases.

The Singh index
The Singh index is mainly used to evaluate the distri-
bution of trabecular bone in the proximal femur of the 
nonfracture side on pelvic X-ray films, and it is usually 
divided into grades I ~ VI. With increasing grade, the dis-
tribution of trabecular bone density gradually increases 
(Fig. 2). It is difficult to distinguish adjacent Singh index 
grades in clinical practice [22, 23]. In this study, the 
grades were divided into three groups: I ~ II, III ~ IV, and 
V ~ VI. Inter- and intraobserver reliability (three radi-
ologists, three traumatologists, and five patients) was 
evaluated by the intraclass correlation coefficient (ICC) 
value = 0.81, which had high measurement reliability 
(P = 0.00).

Measurement methods for lateral wall thickness, TAD, 
and the difference in cervical shaft angle
The implant adopts the design of lag screw and com-
pression screw, and the two screws are combined with 
interlocking to strengthen the anti-rotation effect of the 
femoral head. The thickness of the lateral wall was meas-
ured on the normal plain film of the proximal femur. It 
was defined as the distance in mm from a reference point 
3  cm below the innominate tubercle of the greater tro-
chanter to the fracture line (the midline between the two 
cortex lines) at an angle of 135° in the anteroposterior 
position (Fig.  3a) [13]; 2) the TAD of the InterTAN fix-
ation is the sum of the distances from the tip of the lag 
screw to the top of the femoral head in the anteroposte-
rior and lateral positions [24] (Fig. 3b, c); and 3) the dif-
ference in the neck shaft angle refers to the difference 
between the neck shaft angle of the contralateral proxi-
mal femur and that of the affected side.
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Efficacy evaluation and postoperative management
Visual analog scale (VAS) and Harris scores were 
recorded 1, 6, 12, 18 and 24 months after the operation. 
Patient-related functional outcomes were evaluated 
based on the Harris score (HHS). The HHS was catego-
rized as excellent (90–10), good (79–79), or poor (< 70) 
[23]. A continuous passive motion (CPM) machine 
(Smith & Nephew, Shanghai, China) was used to accel-
erate the recovery of joint function. In order to prevent 
the formation of deep venous thrombosis (DVT), low 
molecular weight heparin (60  mg, Shanghai, China) 
was injected subcutaneously 24  h after the operation 
for 14 days. Celecoxib (100 mg, Pfizer, USA) was taken 
orally twice a day for 7 days. According to the patient’s 
situation, opioids were used for analgesia as necessary. 
On the first day after the operation, anteroposterior 
films of the bilateral hip joint and the cross table lateral 
view of the hip were taken to assess the reduction and 
stability of the fracture. On the first day after the opera-
tion, patients could exercise in bed and get out of bed 
for non-weight-bearing rehabilitation exercises using 
a walking aid. After 4 weeks, according to the fracture 
healing and the general condition of the patients, they 
were encouraged to walk for partial weight-bearing 
rehabilitation exercises with a walking aid. At 8 weeks 

postoperatively, patients were encouraged to carry out 
rehabilitation exercises with complete weight-bearing.

Statistical analysis
The data were analyzed by SPSS 25.0 (IBM company, 
Chicago, USA). All measurement data are expressed as 
the means ± standard deviations and 95% confidence 
intervals (CIs). Repeated measures analysis of variance 
was used for comparisons between time points within 
the same group. The least significant difference (LSD) or 
Tamhane test was used to compare groups. The Spear-
man method was used for correlation analysis. Logistic 
analysis was used to identify the risk factors for internal 
fixation failure. The Kaplan–Meier test was used to test 
the internal fixation and patient survival time. The chi-
square test was used to analyze the proportion of internal 
fixation failure types. Inter- and intraobserver reliability 
was evaluated by intraclass correlation coefficient (ICC) 
values. The significance level was P = 0.05.

Results
VAS scores
At 6, 12, 18 and 24  months after surgery, the dynamic 
VAS scores of the three groups were significantly 
improved (P = 0.00), and from 1 to 24  months after 

Table 1 Preoperative profiles

Variables Singh (I ~ II) Singh (III ~ IV) Singh (V ~ VI) P value

Age (year) 84.72 ± 3.15 84.05 ± 3.59 83.80 ± 2.25 P = 0.38

Sex (male/female) 51/69 60/60 63/57 P = 0.65

Body mass index (BMI) 22.68 ± 2.85 23.13 ± 1.81 22.52 ± 2.54 P = 0.52

Affected side (Left/Right) 57/63 54/66 69/51 P = 0.50

Jensen-Evans Type P = 0.98

 II 7 9 8

 III 23 24 19

 IV 45 48 48

 V 45 39 45

OTA/AO classification
 A1 10 15 14

 A2 68 56 60

 A3 42 49 46

 Lateral wall thickness 24.23 ± 0.95 24.05 ± 1.32 24.70 ± 1.81 P = 0.11

Reduction effect
 Tip-apex distance (TAD) 23.15 ± 1.59 23.28 ± 2.14 24.00 ± 2.49 P = 0.15

 Difference in cervical shaft angle 4.40 ± 0.98 4.78 ± 1.19 4.50 ± 0.82 P = 0.23

Basic diseases P = 0.58

 Hypertension 12 18 21

 Type II diabetes 15 21 9

 Severe Cardiovascular disease 0 0 0

 Severe Endocrine disease 0 0 0
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Fig. 1 Flow diagram of the clinical trial
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surgery, the VAS scores of the Singh (I ~ II), Singh 
(III ~ IV) and Singh (V ~ VI) groups ranged from (95% 
CI, 2.42 to 3.58) to (95% CI, 0.95 to 1.65) with P = 0.00, 
from (95% CI, 2.99 to 4.01) to (95% CI, 0.37 to 1.42) with 
P = 0.00, and from (95% CI, 2.39 to 3.81) to (95% CI, 0.42 
to 1.58) with P = 0.00 (Fig. 4a). There was no significant 
difference among the three groups (P > 0.05).

Functional score
At 6, 12, 18 and 24  months after surgery (Fig.  4b), the 
Harris scores of the three groups were significantly 
improved (P = 0.00). At 12, 18 and 24  months post-
operatively, the Harris scores of the Singh (I-II) group 
were (95% CI, 62.04 to 69.16), (95% CI, 66.80 to 76.20), 
and (95% CI, 66.80 to 76.20), and hip function was not 

Fig. 2 From Singh I to Singh VI, the distribution of bone trabecular density gradually increases

Fig. 3 a Measurement method for lateral wall thickness. The length of AB is the thickness of the lateral wall. b The distance from the tip of the lag 
screw to the top of the femoral head was measured in the anteroposterior (AP) view. c The distance from the tip of the lag screw to the top of the 
femoral head was measured in the lateral (Lat) view
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improved compared with that of the other two groups 
(P < 0.01).

Correlation analysis
The bone mineral density (BMD) of the femoral neck and 
intertrochanteric region of 40 patients in each group was 
measured by the dual energy X-ray method. The patients 
were characterized as either osteoporotic (T score ≥ -2.5 
S.D.), osteopenic (T score ≥ -2.5 S.D. and < -1.0 S.D.) 
or normal (T score > -1.0 S.D.) in terms of BMD. The 
T-scores of the total hip and femoral neck in the three 
groups ranged from (95% CI, -3.65 to -3.33) to (95% CI, 

-1.00 to -0.76) and from (95% CI, -3.84 to -3.49) to (95% 
CI, -1.92 to -1.56), respectively. Spearman correlation 
analysis showed that the Singh index had a significant 
positive correlation with the dual energy X-ray T-score of 
the femoral neck and total hip (P = 0.00, r = 0.83; P = 
0.00, r = 0.89); the r value was between 0.8 and 1.0, indi-
cating a very strong correlation (Fig. 5).

The relationship of the Singh index and internal fixation 
failure
The study was conducted to analyze the Singh index 
(SI). Crude odds ratios (OR) in SI (I ~ II) and SI (III ~ IV) 

Fig. 4 a At 6, 12, 18 and 24 months postoperatively, the dynamic VAS scores of the three groups were significantly improved compared with those 
at 1 month after the operation (P = 0.00), and there was no significant difference in the pain scores among the three groups (P > 0.05). b The Harris 
scores of the Singh (I ~ II) group were lower than those of the other two groups at 12, 18 and 24 months after surgery (P < 0.01)

Fig. 5 There was a strong correlation between the Singh index and the T-score of the total hip and femoral neck (P = 0.00)
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groups = 3.67 (95% CI, 1.70 to 7.09) and 2.33 (95% CI, 
1.05 to 5.20) with P = 0.00 and P = 0.04 were found by 
logistic regression. After excluding other confounding 
factors, including positive medial cortex support (PMCS), 
difference in cervical shaft angle (DCSA), sex, age, BMI, 
TAD, and lateral wall thickness (LWT), we observed 
adjusted ORs in the SI (I ~ II) and SI (III ~ IV) groups of 

3.56 (95% CI, 1.64 to 7.72) and 2.42 (95% CI, 1.08 to 5.41), 
respectively, with P = 0.00 and P = 0.03 (Fig. 6).

Survival analysis (internal fixation and mortality)
Kaplan–Meier survival analysis (Fig.  7a) showed that 
there was no significant difference in 24-month mortality 
among the three groups (P = 0.80). Analysis of internal 

Fig. 6 Logistic regression analysis showed that covariates, including PMCS, DCSA, sex, age, BMI, TAD and LWT, had no significant effect on internal 
fixation failure (P > 0.05). After excluding other mixed factors (PMCS: positive medial cortex support; DCSA: difference in cervical shaft angle; BMI: 
body mass index; TAD: tip-apex distance; LTW: lateral wall thickness), the SI (I ~ II) and SI (III ~ IV) groups had adjusted ORs of 3.56 (95% CI, 1.64 to 
7.72) and 2.42 (95% CI, 1.08 to 5.41), respectively, with P = 0.00 and P = 0.03. The Singh index was an independent factor for predicting the failure of 
internal fixation. Every decrease in the Singh index can increase the failure rate of internal fixation

Fig. 7 a Kaplan–Meier survival analysis showed that there was no significant difference in 24-month mortality among the three groups (P = 0.80). b 
Analysis of internal fixation failure in the three groups showed that the 24-month survival rate in the Singh (I ~ II) group was the lowest (P = 0.01)
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fixation failure in the three groups (Fig. 7b) showed that 
the 24-month survival rate in the Singh (I ~ II) group was 
the lowest (P = 0.01).

Main types of internal fixation failure
The main types of internal fixation failure in the three 
groups were analyzed, including cutting-out of the lag 
screw (Fig.  8a, b), pullout of the lag screw (Fig.  8c), 
refracture of the affected side and nonunion of the 

fracture (Fig.  9). The number of cut-outs in the Singh 
(I ~ II), Singh (III ~ IV), and Singh (V ~ VI) groups was 
24, 18, and 8 patients, respectively; the number of pull-
outs was 4, 1, and 1 patients; the number of refractures 
was 2, 1, and 1 patients; and the number of nonunions 
was 2, 1, and 1 patients. The main complications of 
internal fixation in the three groups was lag screw cut-
ting-out (P = 0.00). The incidence of lag screw cutting-
out was highest in the Singh (I ~ II) group (P = 0.00).

Fig. 8 a, b An 84-year-old woman underwent InterTAN fixation; 9 months postoperatively, cutting-out of the lag screw from the femoral head 
could be seen on the anteroposterior (AP) view, and the lateral view showed cutting-out of the lag screw. c A 90-year-old man who was diagnosed 
with intertrochanteric fracture underwent InterTAN fixation to fix the fracture; 11 months after the operation, the lag screw pulled out from the 
bone

Fig. 9 Lag screw cutting-out was the main type of internal fixation failure in the three groups (P = 0.00). The incidence of lag screw cutting-out was 
highest in the Singh (I ~ II) group (P = 0.00)
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Discussion
This retrospective study shows that InterTAN fixation is 
an effective surgical method for the treatment of unsta-
ble hip fractures in elderly patients and can effectively 
improve hip pain and function. The Singh index has a sig-
nificant correlation with bone mineral density in the fem-
oral neck and total hip. A low Singh index is associated 
with a reduced InterTAN fixation survival time, which 
can increase the risk of internal fixation failure. The main 
type of internal fixation failure is the cutting-out of the 
lag screw. For patients with a low Singh index, hip joint 
replacement may be a suitable option. Because most 
patients who are diagnosed with intertrochanteric frac-
ture need emergency surgery [25–27], the Singh index, as 
a simple, fast and inexpensive imaging-based evaluation 
tool, can be a helpful guide for clinicians in the selection 
of appropriate surgical methods and postoperative inter-
ventions for these patients.

This study recorded the VAS and Harris scores of three 
groups 48 months postoperatively and found that Inter-
TAN fixation is an effective treatment for elderly patients 
with intertrochanteric fracture and that it can effec-
tively improve hip pain and function, in agreement with 
previous clinical research results [6, 28, 29]. However, 
12 months after the operation, the hip function of the 
Singh (I~II) group was not as good as that of the other 
two groups. The main reason may be that the incidence 
of InterTAN fixation failure in the Singh (I~II) group 
was high. The main type of fixation failure was hip screw 
cutting-out. The main treatment method adopted for 
these patients was to remove the lag screw. The patients 
needed to be partially weight bearing, which would affect 
the overall Harris scores of this group.

In this clinical study, Spearman correlation analysis was 
used to analyze the correlation between the Singh index 
and the T-score of the total hip and femoral neck in the 
three groups. The Singh index was highly correlated with 
the T-score of the femoral neck and total hip. Although 
previous studies showed no significant correlation 
between the Singh index and hip bone mineral density, 
the number of cases in this part of the study was small, 
and the evidence level was not high for the population in 
specific areas [30]. The results of this study support the 
Singh index as a simple and inexpensive imaging-based 
evaluation method for hip bone mineral density, which is 
consistent with most clinical research results [31–34].

Kaplan-Meier survival analysis was also used to analyze 
the fixation and survival time of the patients within 48 
months after the InterTAN operation. There was no sig-
nificant difference in mortality among the patients. The 
main reason is that the three groups were treated with 
emergency InterTAN fixation within 24 hours [25, 26, 
35]. Regardless of the bone mass of the hip, the patients 

in the three groups could perform early functional exer-
cise. Pressure sores, pneumonia and deep vein thrombo-
sis were prevented, and the mortality rate was reduced. 
The results also showed that the rate of internal fixation 
failure in the Singh (I~II) group was higher than that in 
the other two groups. The main reason may be that the 
density and mechanical strength of hip bone in the Singh 
(I~II) group were weak, which led to insufficient control 
of the InterTAN device in bone issues, which could easily 
have led to the occurrence of hip screw cutting-out, nail 
withdrawal, and refracture.

Although there are many factors that lead to internal 
fixation failure, the most important factors include age, 
BMI, thickness of the lateral wall, TAD, and the extent 
of positive medial wall support. This study excluded the 
influence of relevant confounding factors. The Singh 
index was an independent risk factor for internal fixa-
tion failure according to logistic regression. As the 
Singh index increases, the internal fixation failure rate is 
reduced, which is in line with the finding that the Singh 
(I~II) group had a shorter internal fixation survival time.

The main types of InterTAN fixation failure are lag 
screw cutting-out, screw pullout and refracture. This 
study found that hip screw cutting-out is the main type 
of postoperative internal fixation failure, which is con-
sistent with the conclusions of most clinical studies 
[36, 37]. The incidence of lag screw cutting-out in the 
three groups was significantly higher than that in previ-
ous studies [38–40]. An important reason may be that 
the research subjects were elderly patients in Asia. The 
loss of trabecular bone density leads to a more signifi-
cant decrease in bone strength [41, 42], which leads to 
a decrease in the forces holding the screw in the bone 
and prohibits InterTAN fixation from fully compressing 
the fracture. As patients walk in the later stage, the risk 
of screw cutting-out increases under the dual effects of 
bone strength decline and fracture fretting. To enhance 
the forces holding the screws in place and reduce the rate 
of internal fixation failure for patients with a high risk of 
lag screw cutting-out, it is suggested that InterTAN fixa-
tion should be combined with bone cement fixation, and 
evidenced-based anti-osteoporosis treatment should be 
used in patients after surgery.

The limitations of this study are as follows: first, logis-
tic regression analysis was used to analyze the correlation 
between the Singh index and internal fixation failure. 
The most important confounding factors were included, 
but not all confounding factors were excluded. Second, 
the observation time was short, and a longer follow-up 
is needed to understand the survival time of the internal 
fixation and the patients. Third, it is difficult to distin-
guish adjacent Singh index grades in the clinic. However, 
the grouping method may be more suitable for clinical 
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work. Fourth, the results obtained can be used for this 
specific implant but are not transferable to others. For the 
users of this implant, the Singh index can be used pre-
operatively to safely identify patients at risk for implant 
failure. Meanwhile, it can guide orthopedic surgeons to 
choose more reasonable treatment schemes, such as hip 
replacement, so that patients can obtain better clinical 
efficacy. Future studies should investigate the quality of 
alternative therapies. However, it is not possible to make 
a generalization on the basis of these data.

Conclusion
The Singh index has a significant correlation with the 
bone mineral density of the femoral neck and total hip. 
The Singh (I ~ II) group had lower Harris scores and a 
lower internal fixation survival rate. The Singh index 
can be used as an independent predictor of internal fix-
ation failure after InterTAN fixation, especially the risk 
of lag screw cutting-out.
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