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Abstract 
Introduction: The main goal of treating femoral neck fractures in young patients and non-displaced fractures in 
the elderly is preserving the femoral head while reducing complications. The aim of the study was to assess factors 
determining early complications after fixation of femur neck fracture. 
Methods and Materials: This was a three-years retrospective study conducted at tertiary at Tikur Anbessa Spe-
cialized Hospital were reviewed. Data was analysed using SPSS version 29 and results were summarized by text 
and table. Bivariate and multivariate analysis were used to assess the association between explanatory and out-
come variables. Factors with P-value <0.05 in the multivariate analysis were considered to have statistically sig-
nificant association with outcome. 
Results: A total of 78 patients were included where 57 (73%) patients were male and mean age was 37 years. The 
average time from injury to surgery was 17.8 days; more than two third of patients were operated on after 07 days 
of the injury.  Sixty-seven (85.9%) were displaced and 9 were classified as Pauwels type III (angle >70°). There 
were 22(28.2%) non-acceptable fracture reductions according to Garden alignment index. Twenty-nine (37.2%) 
patients had developed complications where fixation failure was commonest occurring in 20(25.4%) followed by 
non-union 6(7.7%) and AVN 3(3.8%). From the multivariate analysis, patients who had unacceptable garden 
alignment index were significantly associated with early complications (AOR - 27.43; 95%CI 5.62-133.95, 
p<0.001), while the presence of revision was marginally associated with early complications (AOR- 21.7, 95% CI 
0.69-1000, p= 0.079). 
Conclusion: In fixation of femur neck fracture, achieving anatomic reduction, assessed via the immediate postop-
erative Garden alignment index, predominantly influences early complications. Time from injury to surgery 
doesn't significantly impact early outcomes, suggesting operability beyond 7 days in resource-limited settings. 
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Introduction  
 The main goal of treating femoral neck fractures 
in young patients and non-displaced fractures in 
elderly is preserving the femoral head while re-
ducing complications (1,2). A surgically treated 
femoral neck fracture typically undergoes heal-
ing within three to five months (3). However, 
Complication rates such as early fixation loss, 
non-union, and avascular necrosis (AVN) of the 
femoral head, range from 10% to 45% (4,5). 
Thirty-three percent of patients undergoing inter-
nal fixation require reoperation, while one in 
seven necessitate conversion to total hip replace-

ment (THR) (6). Patient physiology, fracture specifics, 
fixation quality, and rehabilitation influence healing. 
Delays > 24 hours in fixation, and comorbidities 
(smoking, alcohol, renal issues) predict potential fixa-
tion failure (7). Similarly, Displaced fracture, unac-
ceptable reduction, high Pauwels angle, and posterior 
cortex comminution are risk factors for non-union and 
implant failure (8,9). 
 
According to Upadhyay A et al randomized control 
trial done on displaced fractures, the efficacy of internal 
fixation within one week of injury is consistent (8). 
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Internal fixation within 6 hours post-injury shows 
lower rates of non-union and avascular necrosis 
(AVN) compared to fixation between 6 to 24 hours 
and beyond 24 hours. However, discrepancies exist 
regarding the optimal timing for operative interven-
tion to prevent non-union (9, 10).  
Intervention after one week of injury interferes with 
anatomic reduction due to fibrosis formation around 
the fracture and proximal migration of the distal frag-
ment that necessitate open procedures (8). In low and 
middle-income countries (LMIC), there is a delay in 
presentation to healthcare facilities and delivery of 
treatment which is true for femur neck fracture fixa-
tion as well (10).  
 
To our knowledge, in LMIC, there is no data on the 
outcomes of femur neck fixation and determinants of 
early complications. This study primary aim is to 
identify the factors influencing early complications 
within 6 months of fixation mainly fixation failure 
and AVN, and non-union. 
 
Methods and Materials 
Study Setting, Design and Period  
This is a retrospective study done at a tertiary institu-
tion in Addis Ababa, Tikur Anbessa Specialized Hos-
pital (TASH) between January 2020 and December 
2022. The Department of Orthopedics at TASH was 
established in 1987. It has 75 beds in the adult and 
paediatric orthopedic wards where trauma patients 
account 61.5% of admissions.  
 
Study participants 
All patient who underwent femur neck fracture fixa-

tion during the study period was included in the study.  
Study Variables   
The outcome of femur neck fracture fixation like im-
plant failure, non-union and AVN were dependant var-
iables while the rest including socio-demographic vari-
ables such as age, sex, clinical and radiologic charac-
teristics were independent variables. 
 
Inclusion and exclusion criteria  
Patients with a complete medical record, and with a 
minimum of six-month follow-up were included In the 
study. Patients with bullet injuries, pathologic frac-
tures, and incomplete data were excluded.  
 
Operational definition and technique 
Preoperatively, patients underwent antero-posterior 
and lateral hip X-rays, deep venous thrombosis screen-
ing done for patients who come after 48 hours of inju-
ry, and received prophylaxis. Surgeries were per-
formed by orthopedic trauma specialists or fellows. 
Patients were positioned supine on a traction or stand-
ard table, attempting closed reduction; open approach-
es were used if needed. Intraoperative fluoroscopy 
verified reduction, employing either three parallel can-
nulated hip screws or dynamic hip screws for fixation.  
 
The quality of reduction was evaluated using the Gar-
den Alignment Index (GAI) in immediate postopera-
tive x-rays. Acceptable alignment ranged between 155 
to 180 degrees, measured as the angle of the compres-
sion trabeculae concerning the medial femoral shaft on 
anteroposterior and lateral views (Fig 1)  
 

 

Fig. 1 a) Garden Alignment Index Measurement b) Postoperative AP and lateral radiography with ac-
ceptable GAI. Surgery was done 21 days after injury c) AP/Latera radiography at 2 years   
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 Postoperatively, patients were followed at 2, 6, and 
12 weeks; then biannually with physical examina-
tions and radiology. Weight-bearing is allowed at 
12 weeks or upon evidence of clinical and radiolog-
ical union. Complications were managed promptly. 
 
Fixation failure was defined as osteofixation loss 
and fracture displacement within 6 months of sur-
gery via radiography.  
Non-union was defined as persistent pain and radi-
olucent line at 6 months post-fixation.  
AVN defined as femoral head collapse post-
fracture healing on X-ray. Because of short follow 
up period and magnetic resonance imaging (MRI) 
there may be missed cases.  
Early complication is defined as the presence of 
fixation failure, AVN, and/or non-union within 6 
months of postoperative follow-up. 
 
Data collection and Analysis 
The data was collected with Excel which was ex-
ported into SPSS version 29 for data cleaning and 
analysis. The result was summarized by using texts, 
tables, and figures. The data was presented with 
mean and median for continuous and proportion for 
categorical variables. Bivariate and multivariate 
analysis was used to assess the association between 
explanatory and outcome variables which is early 
complications within 6 months of the operation and 
statistically significant was declared when the P-
value was <0.05 in the multivariate analysis. 
 
Ethical Consideration 
The study was conducted after getting Ethical ap-
proval from Addis Ababa University College of 
Health Sciences with institutional review board 
number AAUMF 03-008.  
 
Result 
Sociodemographic characteristics of patients. A 
total of 357 femur neck fracture patients’ data was 
recorded from January 2020 to December 2022 
where 104 patients underwent femur neck fixation. 
Seventy-eight patients with femur neck fractures 
were included in our study. The excluded patients 
included those with incomplete data (13), bullet 
injury (9), young age less than 18 years (3), one 
pathologic fracture, and patients underwent re-
placement surgery.  
 
Fifty-seven (73%) patients were male and the mean 
age at the time of surgery was 37 (18 -75) while the 
median age was 35 years. Road traffic accident 
(RTA) was the commonest mechanism of injury for 
31(39.7%) patients, followed by fall from height in 
24 (30.7%).  Only 7(9%) patients had comorbidity 
where smoking was commonest 3(3.8%). Thirteen 
(17%) patients had associated other musculoskele-
tal injuries  

The average time from injury to the date of surgery 
was 17.8 (1 - 126) days; whereas the median time of 
injury to surgery was 13.5. One patient operated at 
126 day of injury. More than two-thirds of patients 
were operated after 07 days of the injury.   
 
Among the 78 femur neck fractures, 67 (85.9%) were 
displaced and 9 were classified as modified Pauwels 
type III (angle >70°).   
 
Closed reduction was successful for 48(61.5%) frac-
tures where cannulated hip screw was used for 67
(85.9%) fractures fixation. There were 22(28.2%) non
-acceptable fracture reductions according to Garden 
alignment index.  Immediate post-operative revision 
surgery was performed for 7(9%) patients for indica-
tion of unacceptable reduction, and screw penetrations 
(Table 1).  
 
Six month’s Outcome data 
Twenty-nine (37.2%) patients had developed compli-
cations where fixation failure was commonest occur-
ring in 20(25.4%) followed by non-union 6(7.7%) and 
AVN 3(3.8%)  (Table 1). 
 
Displaced fractures, modified Pauwels type III, unac-
ceptable garden alignment index, and need for imme-
diate postoperative revision were found to be determi-
nants for the development of early complications on 
the bivariate analysis (Table 2).  
 
Among 67 patients with displaced fractures, 28 
(41.8%) developed complications. Based on the modi-
fied Pauwels classification, 9 were type III where 6
(67.7%) developed complications.  
 
Of the 22 (28.2%) patients with unacceptable reduc-
tion, 20(90.1%) of them developed complications. 
Closed reduction is successful for 48 of these 15 de-
veloped complication and 30 patients under went open 
reduction of these 14 developed complications (Table 
2).  
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Table 1. Sociodemographic and radiologic status of femur neck fracture patients  

 
         Variables Frequency No. (%) 
Age(years) ≤40 48 (61.5) 

>40 30(38.5) 
Sex Male 57(73) 

Female 21 (27) 
Location AA(Addis Ababa) 33(43.3) 

OAA(outside Addis Ababa) 45(57.7) 

Comorbidity None 71(91) 
Had comorbidity 7(9) 

Mechanism of injury RTA 31(39.7) 
Fall-height 24(30.7) 
Fall-standing 23(29.6) 

Injury to surgery time(days) 
(Average 17.8) 

≤ 7 days 23(29.5) 
>7 days 55(70.5) 

Garden (n= 79) Non-displaced (I&II) 11(14.1) 
Displaced (III & IV) 67(85.9) 

Pauwels (Original)* I & II (<50 º) 23 (29.5) 
III (>50 º) 55 (70.5) 

Pauwels (modified)** I & II (<70 º) 69(88.5) 
III ( ≥70º) 9(11.5) 

Fixation methods CHS 67(85.9) 
DHS 11(14.1) 

Garden alignment index Acceptable 56(71.8) 
Non-acceptable 22(28.2) 

Use of fully threaded 
screws 

Used 44(65.2) 
Not used 23(34.8) 

Presence of complications Yes 29 (37.2) 
No 49(62.8) 

Types of complications Fixation Failure 20(25.4) 

Non-union 6(7.7) 
AVN 3(3.8) 

*Represented the Pauwels classification where Pauwels type III is the angle measurement greater than 
50 degrees. 
** Represented the Pauwels classification where Pauwels type III is the angle measurement greater than 
70 degrees. 
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Table 2. Showing the association between sociodemographic status and complications 

 
Variables Complications No. (%) P-value 

  
No Yes 

Age ≤40 34 (70.8) 14 (29.2) 0.064 
>40 15 (50) 15 (50) 

Sex Male 38 (66.7) 19 (33.3) 0.843 
Female 11 (52.4) 10 (47.6) 

Location AA 23 (69.7) 10(30.3) 0.282 
OAA 26 (57.8) 19 (42.2) 

Comorbidity None 46 (64.8) 25 (35.2) 0.252 
Had 3 (42.9) 4 (57.1) 

Mechanism of injury RTA 21 (70) 9 (30) 0.408 
Fall from height 16 (64) 9 (36) 
Fall from ground 12 (52.2) 11 (47.8) 

Injury to time of surgery ≤ 7 days 17(73.9) 6(26.1) 0.19 
7 days 32(58.2) 23(41.8) 

Garden type Non-displaced 10 (90.9) 1 (9.1) 0.038 
Displaced 39 (58.2) 28 (41.8) 

Pauwels type (Original) I&III (<50 º) 18 (78.3) 5 (21.7) 0.068 
III >50 º 31 (56.4) 24 (43.6) 

Pauwels type (modified) I&II (<70 º) 46 (66.7) 23 (33.3) 0.052 
III  (≥70º) 3 (33.3) 6 (66.7) 

Reduction method Closed 33 (68.8) 15 (31.2) 0.17 
Open 16 (53.3) 14 (46.7) 

Garden alignment index Acceptable 47 (83.9) 9 (16.1) 0.001 
Nonacceptable 2 (9.1) 20 (90.9) 

Revision Yes 1 (14.3) 6 (85.7) 0.005 
No 48 (67.6) 23 (32.4) 

Use of fully threaded Yes 27 (62.8) 16 (37.2) 0.878 
No 14 (60.9) 9 (39.1) 

From the multivariate analysis, patients who had 
unacceptable garden alignment index was signifi-
cantly associated with early complications (AOR - 
27.43; 95%CI 5.62-133.95, p<0.001). But the pres-
ence of revision was modestly associated with early 
complications (AOR 21.7; 0.69-1000, p=0.079 
(Table 3) 
 
Discussion  
In our study, 37.2% patients developed overall early 
complications. This is comparable with study done 
by Duckworth 32% (7), Stappaerts in Belgium 
32.5% (11). We found that non-acceptable Garden 
alignment index is statically significant risk factor 
for early complications whereas, immediate post-
operative revision surgery is modest risk factor. 
Similar to our finding, early complications observed 
in femur neck fixations with non-acceptable Garden 
alignment index (11–13). Previous studies in the 
literature shows anatomic reduction and stable fixa-
tion prevent bad results in femur neck fracture fixa-
tion (14–16) 
 
In our series median time of surgery was 13.5 days; 
as the patients present delayed and limited resources 
for timely treatment. We didn’t found any associa-

tion between time of surgery and early complica-
tions. This result is supported by multicentre study 
done in Malaysia on outcome of femur neck fixation 
in young patients shows 50% complications; AVN
(32%), non-union(11%) and infection 4.3% where; 
time of surgery had not association with complica-
tions(14). Due to short follow up period unlike other 
studies (2, 17) the percentage of AVN in our study is 
low. Another meta-analysis done on effect of timing 
of internal fixation of intra-capsular femur neck fix-
ation on late development of AVN & non-union 
failed to show any association (18). In contrary to 
this fixation within 6 hours of injury shows less non-
union and AVN compared to 6 to 24 and after 24 
hours (19).   
 
We have found a significantly higher complication 
(28.2%, P=0.038) in displaced fractures compared to 
non-displaced fractures, similar to the study by Rog-
er Erivan et al HR = 2.77 (95%CI: 1.09–7.02), p = 
0.025 (20) and Yang et al OR=2.93 (95%CI: 1.08- 
7.96), P=0.035 (21). Another study done in Norway 
by Hoelsbrekken et al shows 26.8 % fixation failure, 
non-union, and AVN rate in displaced fractures, 
while it is 10.3 % in non-displaced (22).  
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Table. 3 Bivariate and Multivariate modelling showing the association between explanatory and outcome variables 
(early complications) 

Variables Bivariate Analysis Multivariate analysis 

  OR (95% CI) P-
value 

AOR (95%CI) P value 

Age (Ref: ≤ 40) 
> 40 

2.06(0.79-5.39) 0.14 2.36 (0.53-10.46) 0.257 

Time to Surgery (Ref: ≤ 7 
days) 
>7 days 

3.17(.95-10.57) 0.06 1.36 (0.24-7.66) 0.727 

Garden Type (Ref: I&II) 
III&IV 

595(0.72-49.31) 0.10 5.14 (0.35-75.74) 0.233 

Pauwels Type (Ref: I&II) 
III 

2.86(0.7-11.71) 0.15 1.39 (0.12-16.93) 0.794 

Reduction Method (Ref: 
Closed) 
Open 

2.06(0.79-5.39) 0.14 1.41 (0.29-7.00) 0.671 

Garden alignment index 
(Ref: Acceptable) 
Non-acceptable 

44.33(10.37-189.48)   
  
<0.001 

27.43 (5.62-133.95) <.001 

Revision (Reference -No) 
Yes 

15.3(1.73-135.25)   
  
0.014 

  
  
21.7(0.69-1000) 

0.079 

However, a result of logistic regression analysis could 
not find the presence of displacement as a factor pre-
dicting the complication comparable to a study by 
Ramadanov et al (23).   
It is indicated that age is a predictive factor for femoral 
head necrosis (23, 24). However, we could not find 
any significant difference in age between the patients 
with complications such as fixation failure, non-union, 
and femoral head necrosis and those without compli-
cations. This is in line with a study by Yang et al 
which shows age has no association with non-union 
(21).  
Pauwels' original thesis suggested, that the more verti-
cal the Pauwels angle is, the higher the incidence of 
non-union (25). However, the findings in the study of 
Parker and Dynan, which was conducted among 335 
patients, failed to find any correlation between the 
Pauwels angle and non-union in both displaced and 
undisplaced fractures (26). In our series, there is a 
higher tendency of early complications in Pauwels 
type III fractures with an angle greater than 70 de-
grees. 
 
Conclusion   
Our study shows that unacceptable Garden alignment 
index and immediate post-operative revision surgery 
were the main risk factors for early complications.  
 
Recommendations  
Based on our findings, we recommend anatomic re-
duction irrespective of the time of injury to surgery is 

a key consideration during femur neck fracture fixa-
tion. Further study on late complication with long 
term follow up and comparative outcome study on 
early and late femur neck fracture fixation.  
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AA         Addis Ababa 
AAU       Addis Ababa University 
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DHS         Dynamic hip screw 
LMIC       Low and Middle Income Country 
OAA        Outside Addis Ababa 
RTA         Road Traffic Accident 
TASH       Tikur Anbessa Specialized Hospital  
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