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Osteosynthesis of ununited femoral neck fracture by 
internal fixation combined with iliac crest bone chips 
and muscle pedicle bone grafting

D D Baksi, A K Pal1, D P Baksi2

ABstrAct
Background: Ununited femoral neck fracture is seen commonly in developing countries due to delayed presentation or failure 
of primary internal fixation. Such fractures, commonly present with partial or total absorption of femoral neck, osteonecrosis of 
femoral head in 8–30% cases with upward migration of trochanter posing problem for osteosynthesis, especially in younger 
individuals. Several techniques for treatment of such conditions are described like osteotomies or nonvascularied cortical or 
cancellous bone grafting provided varying degrees of success in terms of fracture union but unsatisfactory long term results 
occurred due to varying incidence of avascular necrosis (AVN) of femoral head. Moreover, in presence of AVN of femoral head 
neither free fibular graft nor cancellous bone graft is satisfactory. The vascularied bone grafting by deep circumflex iliac artery 
based on iliac crest bone grafting, free vascularied fibular grafting and muscle pedicle periosteal grafting showed high incidence 
of success rate. Osteosynthesis is the preferred treatment of choice in ununited femoral neck fracture in younger individuals.
Materials and Methods: Of the 293 patients operated during the period from June 1977 to June 2009, 42 were lost to followup. 
Seven patients with gluteus medius muscle pedicle bone grafting (MPBG) were excluded. Thus, out of 244 patients, 208 (85.3%) 
untreated nonunion and 36 (14.7%) following failure of primary internal fixation were available for studies. Time interval between 
the date of injury and operation in untreated nonunion cases was mean 6.5 months and in failed internal fixation cases was mean 
11.2 months. Ages of the patients varied from 16 to 55 years. Seventy patients had partial and 174 had subtotal absorption of 
the femoral neck. Evidence of avascular necrosis (AVN) femoral head was found histologically in 135 (54.3%) and radiologically 
in 48 (19.7%) patients. The patients were operated by open reduction of fracture, cannulated hip screw fixation, iliac crest bone 
chips and quadratus femoris MPBG.
Results: The mean followup is 12.5 years (range 3‑35). The union of fractures occurred in 202 (82.8%), delayed union in 18 (7.3%), 
and established nonunion in 24 (9.8%) patients. Full weight bearing was permitted at 16–22 weeks after union of fractures. Mean 
Harris hip score at the longest followup was 85.5. Among the complications, superficial wound infection occurred in 20 (8.2%), 
deep infection in seven (2.9%), and coxa vara in 39 (16%) patients. Preoperative radiodensity of femoral head disappeared 
mostly after the union of fracture whereas fresh radiodensity of femoral head appeared in 20 (8%) patients; nine (45%) of them 
developed segmental collapse.
Conclusion: Ununited femoral neck fractureis characterized by absorption of femoral neck, posterior cortical defect, smoothening 
and overriding of fracture surfaces with intervening fibrous tissues associated with or without AVN of femoral head. The above 
method of osteosynthesis rectified the above pathology and provided satisfactory results with union of fractures in 90.1% patients 
at long term followup.
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introduction

Ununited femoral neck fracture is seen commonly in 
developing countries due to delayed presentation or 
failure of primary internal fixation. Such fractures, 

commonly present with partial or total absorption of femoral 
neck,1 osteonecrosis of femoral head in 8–30% cases2 
with upward migration of trochanter posing problem for 
osteosynthesis. Several techniques for treatment of such 
conditions is described like osteotomies3-9 or nonvascularied 
cortical10-14 or cancellous bone grafting15 provided 
varying degrees of success in terms of fracture union but 
unsatisfactory long term results due to varying incidence 
of avascular necrosis (AVN) of femoral head. Moreover, 
in presence of AVN of femoral head neither free fibular 
graft11-14 nor cancellous bone graft15 is satisfactory. The 
vascularied bone grafting by deep circumflex iliac artery 
based on iliac crest,16 free vascularied fibular grafting,17 and 
muscle pedicle periosteal grafting18 showed high incidence 
of success rate.

With the knowledge of preservation of vascularity 
and viability of muscle pedicle bone graft in animal 
experiment,19-21 its use in fresh fractures of femoral 
neck14,22 was reported with successful results, though was 
contradicted is a small series.23 Later on, its use in delayed 
fractures24 and in ununited fractures with or without AVN 
femoral head25,26 was reported with success.

The use of muscle pedicle bone grafting (MPBG) with 
improved surgical techniques in ununited fracture of neck 
of femur with or without AVN in a large series of patients 
is now being reported with long term results.

MAtEriAls And MEthods

Two hundred ninety three ununited fracture neck of femur 
were operated separately by three authors between June 
1977 and June 2009. Forty two of them were lost to 
followup and seven patients where gluteus medius MPBG 
was used were excluded from these studies. Therefore, 
244 patients were available for evaluation. The inclusion 
criteria were the nonobese, physiologically active patients 
between 16 and 55 years of age having ununited femoral 
neck fractures with proximal fragment of fractures having 
2.5 cm. or more length available for adequate subarticular 
bone stock (Type I and II absorption) without significant 
overriding of fragment. The exclusion criteria were the 
patients with associated osteoarthritis (OA) or rheumatoid 
arthritis, inadequate bone stock, especially following failed 
dynamic hip screw fixation, radiological evidence of AVN 
with segmental collapse of femoral head and overriding 
of fracture fragments as evidenced by position of lesser 

trochanter at a level higher than inferior articular surface 
of acetabulum. The consent of the ethical committee was 
obtained for these studies. Twenty four patients of the 
previously reported series26 were included.

Among 244 patients, 208 (85.3%) were ununited and 
untreated fractures and 36 (14.7%) had failed primary 
internal fixation. The mean time interval between the date 
of injury and surgery among ununited and untreated cases 
was 6.5 (range 3-25) months, whereas in failed cases of 
primary internal fixation it was 11.2 (range 3–36) months. 
The mean age of the patients was 43.3 (range 16-55) 
years. Absorption of the femoral neck was determined 
radiographically in all and by computed tomography scan 
in selected cases. Accordingly, they were divided into three 
categories: Type I - partial absorption of femoral neck where 
either proximal or distal or both fracture fragments were 
absorbed minimally with a gap <1 cm. Type II - subtotal 
absorption where similar absorption of the same fragments 
was seen with a gap 1–2 cm. Type III - total absorption 
of femoral neck where gap was more than 2 cm. Size 
of proximal fragment (subarticular bone segment) is 
determined from upper part of fovea to the center of fracture 
surface. Type III cases were not included in this series.

Among 244 patients, 70 had partial (Type I) and 
174 subtotal (Type II) absorption of femoral neck.

Overriding of fracture fragments was recognized among 
untreated neglected patients who were walking with 
or without support. Histological specimen taken from 
the femoral head during operation showed AVN in 
135 (55.3%) of patients. Radiological evidence of AVN as 
evidenced by the presence of mottled or zone of density 
of femoral head was seen in 48 (19.7%) patients. There 
were 132 males and 112 females. One hundred and 
sixteen fractures were on the right and 128 on the left side. 
Twenty two patients had associated asthma, old myocardial 
ischemia, hypertension, or psychological problem and 
required medical management prior to their operation. The 
mean shortening of the affected lower limb was 2.5 (range 
1.5 – 3) cm. One hundred and twenty five patients having 
2 cm shortening were treated by skeletal traction with 
5–10 kg weight for 7–10 days to stretch contracted soft 
tissues.

Operative procedure
The technique described by Baksi26 was updated as follows: 
The patient was placed prone on a fracture table. An incision 
was made along the line of the gluteus maximus muscle 
fibers overlying the trochanteric crest. The muscle was 
splitted to expose the underlying short rotators muscles. The 
upper and posterior origins of segment of vastus lateralis 
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is inclusion of 24 patients of our previous reports26 where 
modified Hagie pins for fracture fixation were used. With the 
awareness of bending, breaking, loosening and migration 
of these pins, subsequently cannulated screws as available 
since 1990 were used under control of image intensifier 
till date. The fracture was then fixed internally by three 
6.5 mm cannulated cancellous screws [Figure 1] under 
direct vision supplemented by image intensifier. In cases of 
revision operation after failure of primary internal fixation, 
refixation with new screws was found sometimes difficult 
due to paucity of healthy cortex in the subtrochanteric 
region. Then, the silk thread was used for fixation of the 
graft passing through the already isolated MPBG which was 
then impacted into a gutter made in the posterior aspect 
of the head and neck of the femur avoiding the tension or 
torsion of the muscle pedicle [Figure 2]. The silk thread was 
then tied tightly over the graft around the screws drawing 
together the cut margins of the articular capsule to ensure 
better fixation of the graft [Figure 2]. The common tendon 
of obturator internus and gemlli was now reattached to its 
original site of insertion, covering the graft, and also sutured 
to the QF muscle fibers to provide the additional security to 
the graft. A suction drain was placed over the posteroinferior 
aspect of the femoral neck deep to the gluteus maximus 
muscle. After wound closure, a shoe with derotation bar 
was applied.

Postoperative management
Two to three units of blood transfusion were often 
necessary during or after the operation. Intermittent passive 
movements of hip were encouraged during the early 
postoperative period. Suction drain was removed after 72 
hours. On removal of stitches after 2 weeks, the operated 
hip was immobilized in abduction hip brace for 5–6 weeks, 
till the adjacent bone grafts around the fracture site become 

were detached and retracted forward and downward to 
expose subtrochanteric aspect of shaft of femur.

Quadratus femoris (QF) MPBGs (including a segment of 
intertrochanteric crest and the adjacent bone was prepared 
with bony portion (2 cm wide and 1.5 cm deep).

The common tendinous insertion of obturator internus and 
gemelli was cut close to their insertion and reflected medially. 
The capsule was opened over the posterior surface of the 
femoral head and neck through an inverted “T” shaped 
incision, the stem of which started from the acetabular 
labrum. Special care was taken not to damage the capsule 
superiorly to save lateral epiphyseal artery. The posterior 
cortical defect of the femoral neck was often encountered. 
The fracture surfaces were cleared of fibrous tissues and 
infolded tags of periosteum interposed between them. The 
smooth or sclerosed fracture surfaces were then freshened. 
Any tilt or rotation of the femoral head was corrected. 
Varying degrees of absorption of femoral neck and cupping 
of the fracture surfaces were noted, through which multiple 
drill holes were made to ensure thorough decompression 
of the necrotic bone of the femoral head.

Biopsy specimens were taken from femoral head for 
histological examination. Before open reduction of fracture, 
a piece of silk thread was placed transversely between the 
fracture surfaces close to anterior surface of the femoral 
neck but within the articular capsule [Figure 1] for fixation 
of the MPBG around the fixation screws. Free cancellous 
bone chips taken from posterior iliac crest were packed 
between the reduced fracture surfaces [Figure 1]. There 

Figure 1: Schematic diagram showing that quadratus femoris muscle 
pedicle bone graft is seen on the left. Fracture surfaces are seen 
freshened and multiple drill holes are made through fracture surface of 
the femoral head. A piece of silk thread is placed transversely between 
the fracture surfaces close to the anterior surface of the femoral neck but 
within the articular capsule. The fracture gap is packed with cancellous 
bone chips and fixed internally by three cannulated hip screws

Figure 2: Schematic diagram showing that after placement of the 
muscle pedicle bone graft in a gutter made on the posterior aspects 
of femoral head and neck, the silk thread already passed through it 
and around the screws is tide altogether over the graft
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Table 1: Criteria of gradation of results
Clinical features Radiological features

Grade Pain Shortening (cms.) Hip movements Walking ability Nonunion AVN Coxa vara
Excellent None <1 Almost full Full None None None
Good None 1-2 Flexion 90° Full None None None

Rotation 10‑30°
Fair Intermittent 2-3 Flexion 90° or less Partly restricted None AVN 10‑20°

Rotation 10‑20° No collapse
Poor Constant >3 Gross restriction None Present AVN

Without aid With collapse >20°

seen by bridging bony trabeculae across the fracture line. 
Eighteen (7.3%) patients with subtotal (Type II) absorption of 
femoral neck showed delayed fracture union till 6–7 months 
postoperative period. Two of them having fixation failure 
needed abduction femoral osteotomy for union of fracture.

Coxa vara with 10°–30° reduction of femoral neck shaft 
angle compared to normal hip was seen in 39 (17.7%) 

Figure 4: (a) Radiograph of left hip joint anteroposterior view of a 
43-year-old male showing 13 months old ununited fracture with subtotal 
absorption of femoral neck following the failure of compression hip 
screw fixation. (b) Postoperative radiograph of the above patient, 
3 months after open reduction and internal fixation, free and quadratus 
femoris muscle pedicle bone grafting showing visible fracture line. 
(c) Postoperative radiograph of the above patient 10 years followup 
showing satisfactory union of the fracture and no evidence of avascular 
necrosis of femoral head

c

ba

firm. Nonweight bearing crutch walking was allowed at 
at 12–16 weeks after the operation. Full weight bearing 
was allowed 16–22 weeks after radiological evidence of 
satisfactory fracture union.

rEsults

Two hundred forty four patients were followed up for 
mean 12.5 (range 3–35) years. The results were evaluated 
based on clinical and radiological criteria [Table 1]. The 
results in different age groups are shown in Table 2. 
About 202 (82.8%) patients achieved satisfactory union 
[Figures 3-6] in mean 4.5 (range 4-5.5) months. Satisfactory 
union was evidenced clinically by painless hip motions on 
weight bearing and radiological obliteration of fracture gap 

Figure 3: (a) Preoperative radiograph (R) hip joint anteroposterior 
view of a 34-year-old male showing 22 months old, neglected ununited 
femoral neck fracture with partial absorption and varus deformity 
(b) Postoperative radiograph of the above patient 4 months after open 
reduction and internal fixation, and quadratus femoris muscle pedicle 
bone grafting showing of the fracture (c) Postoperative radiograph after 
13.5 years, showing satisfactory union of fracture without any evidence 
of avascular necrosis of femoral head

c

ba
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patients which was caused by persistent absorption of 
femoral neck, inadequate correction of original varus 
deformity or early weight bearing after operations. However, 
10°–20° loss of neck shaft angle did not appreciably affect 
the functional outcome.

Forty eight (19.7%) patients who had preoperative 
radiodensity showed gradual clearance after union of 
fracture. However, twenty (11%) patients after union of 
fracture showed appearance of fresh radiodensity of femoral 

head of which 9 (45%) developed segmental collapse. The 
mean shortening of the operated limb after union of fracture 
was 2 (range 1-2.5) cm.

The hip motions at final followup were mean flexion 90.2° 
(range: 90°–115°), extension mean 15° (range 10°–20°), 
abduction mean 30.5° (range 15°–40°), adduction mean 
30° (range 10°–40°), external rotation mean 30° (range 20°-
40°) and internal rotation mean 10° (range 5°–20°). The Harris 
hip score27 at longest followup was mean 85.5 (range 55-92).

Complications
Among minor complications, superficial wound infection 
occurred in 20 (8.2%), limb length discrepancy mean 
2 cm (range 1-2.5 cm) in 204 (83.6%), coxa vara 39 (16%), 
bending of screws in two patients resulted in delayed union, 
and pericapsular new bone formation occurred in one.

Among major complications, 24 patients (9.8%) 
had establ ished nonunion at mean 12 months 
(range10–15 months). Deep-seated infection occurred in 

Table 2: Age distribution and their results
Age 
distribution 
(years)

No. of 
patients

Total 
patients 

%

Results
Excellent Good Fair Poor

10-20 6 2.5 2 3 1 0
21-30 24 9.8 9 12 2 1
31-40 44 18 20 18 3 3
41-50 102 41.8 38 48 4 12
51-60 68 27.9 24 32 4 8
Total 244 100 93 113 14 24

(38.1%) (46.3%) (5.8%) (9.8%)

Figure 5: (a) X-ray of left hip joint anteroposterior view of a forty seven years old male patient who had 36 months old ununited fracture neck femur 
with the subtotal absorption of femoral neck after the failure of internal fixation with Mc Laughlin’s nail plating done in July 1989. Zone of the density 
of femoral head noted. (b) Six weeks old postoperative skiagram showing four modified Hagie pins fixation combined with free iliac crest bone 
chips and quadratus femoris muscle pedicle bone grafting of the patient. (c) Four months old postoperative skiagram of the patient showing the 
satisfactory union of the fracture. (d) Twenty two years postoperative skiagram of the patient showing satisfactory union of femoral neck fracture and 
clearance of density of femoral head. (e) Twenty two years postoperative clinical photograph of the patient showing squatting cross legged sitting

d
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seven (2.9%) patients resulted in septic nonunion. Other 
cases had aseptic nonunion, five of them were due to failure 
of fracture fixation.

AVN of femoral head as evidenced by fresh radiodensity 
was seen in 20 (8%) patients of which 9 (45%) had 
collapsed. Postoperative early OA hip was noted though 
asymptomatic in almost all cases which had more than 
10 years followup.

Of these, four were salvaged by hemiarthroplasty, six 
of these patients required total hip replacement due to 
acetabular changes found peroperatively. Two patients 
were salvaged by a repeat osteosynthesis supplemented 
by a sartorius MPBG.25 They went to uneventful union 
11–15 months after the index procedure. Of the remaining 
patients, seven had persistent nonunion due to deep seated 
infection and five had persistent nonunion with no infection. 
The patients with nonunion were either salvaged by total 
hip replacement or were able to function adequately with 
vigorous rehabilitation to achieve independent activities of 
daily living with minimal disabilities.

discussion

Several attempts of osteosynthesis have been made 
using nonvascularied and vascularied bone grafts 

along with internal fixation by different investigators 
[Table 3].6,10,12,13,16-18,24,26,28-31

Nonvascularied free fibular bone grafting10-13 may help in 
osteosynthesis of fracture of <3 months old10 and if the 
femoral head is viable, vascular and without significant 
absorption of femoral neck.10,11 Pauwel’s valgus osteotomy 
may give high union rate 80.4% and equally higher 
incidence (59.5%) of AVN of femoral head6 because valgus 
position of femoral head shortens the abduction lever arm 
of the abducted femoral neck and predisposed to avascular 
necrosis.7-9

The vascularied iliac crest,16 fibular,17 and periosteal 
grafting18 procedures were not popular because they were 
time consuming, technically demanding and beyond the 
competency of average orthopedic surgeons. Furthermore, 
though the series of such vascularied bone grafting 
showed high incidence of union rate in their small series 
and shorter followup, it is too early to predict the future 
occurrence of AVN in those patients. On the other hand, 
our technique provided accurate reduction of ununited 
fracture in majority of the patients. The closed methods of 
reduction of ununited fracture neck femur in the presence 
of displacement with tilting or twisting of fracture fragments 
is not possible in the presence of 65–90% posterior 
cortical defect14 and interposed fibrous tissues between 

Figure 6: (a) Preoperative radiograph (Rt) anteroposterior view of hip joint of a 50-year-old female showing an untreated and ununited fracture 
of neck of femur of 24 months duration with subtotal (Type II), absorption of femoral neck, and mottled density of femoral head noted. (b) Twelve 
weeks postoperative skiagram showing the union of fracture neck of femur. (c) Eleven years followup skiagraph of the patient showing the union 
of fracture with left out one Hagie pin. (d) Twenty four years followup skiagraph of the patient showing the union of fracture and clearance of 
radiodensity of femur head and all pins used for fracture fixation already removed (e) Twenty one years followup clinical photographs of the 
female showing squatting and sitting cross legged

dc

ba

e
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the fracture surfaces. Their clearance and reconstruction 
with free iliac crest bone chips can better be done through 
posterior approach under direct vision. There is theoretical 
possibility of damaging the posterior retinacular vessels and 
ascending branch of posterior circumflex femoral artery 
through the posterior approach, but in the presence of 
hypovolemic femoral head32 with its compromised blood 
supply, posterior approach may not add any extra harm. 
Peroperative correction of varus deformity, tilting, or twisting 
of e femoral head for apposition with the distal fracture 
fragment under direct vision was necessary for anatomical 
restoration of head and neck of femur. Multiple drilling 
through the fracture surface of femoral head decompressed 
the osteonecrosis of femoral head wherever present and 
helped in growth of vascular granulation tissues [Figure 1].

The placement of MPBG behind the femoral head and 
neck served several purposes: It acted as a strut across the 
posterior cortical defect, prevented posterior tilt of the femoral 
head, and acted as a vascular viable inlay graft encouraged 
osteosynthesis and revascularization of femoral head.26 
Fixation of MPBG around the screws by silk thread appeared 
more effective than achieved by a screw fixation in the 
presence of absorbed femoral neck. Use of postoperative hip 
abduction brace for about 6 weeks is an added advantage for 
the security of internal fixation of fracture till adjacent bone 
grafts likely become firm. Occurrence of fresh radiodensity 
of fremoral head in 20 (11%) patients after union of fracture 
and 9 (45%) of them showing segmental collapse may be 
due to revascularization of the necrotic area by the use 
of QF MPBG, placed behind the femoral head and neck; 
but because of its short muscle length, its vascular supply 
failed to reach the center of necrotic anterosuperior part of 
femoral head. Among all the methods described [Table 3], 

use of vascularised bone grafts16-18 including the use of 
MPBG,25,26,31 our series showed enhanced rate of fracture 
union in 90.1% patients along with repair of AVN femoral 
head wherever present and also reduced the occurrence of 
fresh radiodensity after union of the fracture.

conclusion

This technique is effective for satisfactory healing of 
ununited femoral neck fractures with or without the necrosis 
of femoral head improved function in majority.
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