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ABSTRACT

Objective: The purpose of this study was to evaluate the performance 
of valgus intertrochanteric osteotomy in femoral neck non-union. Me-
thods:  Forty-two patients with femoral neck fractures with non-union 
treated using Pauwels’ intertrochanteric osteotomy were reviewed. 
Demographics, time elapsed between fracture and surgery, follow-
-up, osteosynthesis used, Garden’s classification, limb shortening, 
and x-rays were evaluated. Results: Twenty-two men and 20 women 
were reviewed. The youngest patient was 18 years old and the oldest 
65 years old, with a mean age of 42.4 years (±11.2). The minimum 
follow-up was 2 years, with a mean of 10.2 years. The average time 
elapsed between initial fracture and osteotomy was 6.5 months. Twel-
ve cases were neglected femoral neck fractures. Nineteen patients 
were classified as Garden III, and 23 patients as Garden IV. After 
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INTRODUCTION

Non-union and avascular necrosis of the femoral head are the 
main complications of fractures of the femoral neck. The high rate 
of occurrence of such complications is due to a combination of 
unfavourable biomechanical and vascular conditions caused by 
the fracture itself. Several non-union treatments were described 
and include arthroplasties, osteotomies with or without bone 
graft, and different techniques of vascularised bone grafting.
Pauwels showed that a higher shearing angle could lead to an 
unfavourable consolidating process. For this reason, a valgus 
osteotomy converts shearing into compression forces and 
increases the fracture healing potential.1 The consolidation of 
the pseudoarthrosis with the preservation of the femoral head 
is the biological alternative and can offer the best long-term 
results for the young patient. However, if the patient is older 
than 65 years and presents a displaced fracture, there is a 
consensus for the use total hip replacement, eliminating the 
recurrence of the main complications of the biological alter-

native (pseudoarthrosis and aseptic necrosis) and providing 
rapid pain relief and early mobilization.
The purpose of this study was to evaluate the performance of 
valgus intertrochanteric osteotomy in the treatment of femoral 
neck non-union.

METHODS

We retrospectively reviewed 42 patients who had undergone 
valgus intertrochanteric osteotomy from 1990 to 2011 in our hos-
pital. Demographics, time elapsed between fracture and surgery, 
follow-up, osteosynthesis used, Garden’s classification, limb 
shortening, and x-rays were evaluated. The study was approved 
by the Institutional Ethics Committee, protocol 12/991.
The decision to treat with valgus intertrochanteric osteotomy was 
based on chronological and physiological age (less than 65 ye-
ars), good bone stock, and sphericity of the femoral head based 
on the x-rays obtained. Osteoporotic bone, presence of osteo-
necrosis or articular incongruence or excavation of the femoral 
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valgus osteotomy, non-union healing was observed in 38 patients 
(38/42; 90.4%). Healing of thirty-seven cases of pseudoarthrosis were 
obtained after the first-attempt osteotomy, and one case required two 
operations for healing. The osteotomy failed in four cases. Conside-
ring the healed osteotomies, good to excellent functional results were 
achieved in 80.9% (34/42) of the patients. Total hip replacement was 
subsequently performed in 14.2% (6/42) of the patients for unfavoura-
ble outcomes (two for cutting out, two for osteonecrosis, and two for 
osteoarthritis). Conclusions: Valgus intertrochanteric osteotomy has 
a high success rate in archiving healing in femoral neck non-union 
with good functional results. It is a biological and effective method. 
Level of Evidence IV, Therapeutic Study.
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head were considered as a contraindication to the procedure. 
The surgical technique adopted was valgus intertrochanteric 
osteotomy. We performed surgery using the lateral approach 
with the patient on an orthopaedic table and an image intensifier.
After split vastus lateralis and removing any existing implant, 
a guide pin helped us find the appropriate angle for inserting 
the new hardware. An oscillating saw was used and a pre-
determined wedge was performed. The angle of the wedge 
depends on the inclination of the non-union line. The average 
wedge angle was 32o. The osteotomy was performed in lesser 
trochanter level with complete wedge resection. Cancellous 
bone from the wedge was apositioned around the osteotomy 
site. Twenty-seven osteotomies were fixed with 130o DHS, ten 
with a 130o fixed angle blade-plate, and five with the same 
plate plus rotatory screw.
Patients were permitted to ambulate with partial weight bearing 
only 6 weeks after surgery and full weight bearing was encou-
raged after 12 weeks. The verification of the consolidation 
process of the non-union, and either the osteotomy, was per-
formed by means of x-rays. Functional analysis was performed 
by the Harris Hip Score, and osteonecrosis was evaluated 
by the Ficat‘s classification. Discrepancies were measured 
by tape measure. Mechanical modifications induced by the 
osteotomy were evaluated and measured. A comparison with 
the contralateral (normal) side was also performed.

RESULTS

Twenty-two men and 20 women were included in the study. 
The youngest patient was 18 years old and the oldest was 
65 years old; the average age was 42.4 years (±11.2). The 
minimum follow-up was 2 years, with a mean of 10.2 years, 
ranging from 2 to 21 years.
The average time elapsed between initial fracture and osteo-
tomy was 6.5 months, ranging from 3.5 to 12 months. Twelve 
cases were neglected femoral neck fractures.
Thirty patients had osteosynthesis as the initial treatment. For 
first treatment, the majority were fixed with three cannulated 
screws (19 cases). Seven patients were fixed with DHS, three 
with a 130o fixed angle blade-plate and one with three Knowles 
wires. According to Garden’s classification, 19 patients were 
classified as Garden III, and 23 patients as Garden IV.
Non-union healing was confirmed radiographically and was 
achieved in 38 patients (90.4%) with good functional outco-
mes (Figures 1 and 2). Thirty-seven pseudoarthrosis healings 
were obtained after first-attempt osteotomy. Non-union at the 
fracture site persisted in one patient. We achieved consolida-
tion after revision osteotomy involving changing the hardware 
device (130o fixed angle blade-plate changed to DHS). 
The osteotomy failed in four cases. All of these patients had 
undergone total hip replacement. In two patients failure was 
due to the hardware cutting out the femoral head and in ano-
ther two the femoral head collapsed due to osteonecrosis 
during the weight-bearing period.
The 38 healing non-union were analysed according to Ficat’s 
classification for osteonecrosis using plain radiographs.2 We 
considered 31 femoral heads to be normal. Six were classified 
as Ficat stage 2. Another case developed to stage Ficat 3 at 
6 years. After removing the hardware (DHS) and bone graf-
ting, the necrosis stabilized. After 14 years of follow-up of this 

case, total hip replacement was not considered necessary. 
Two patients developed osteoarthrosis, and arthroplasty was 
performed at 5 and 8 years post-operatively. The average 
Harris Hip Score3 obtained in the last visit for the 36 remaining 
patients was 81.2 points (±7.2), ranging from 74 to 96.
In the 24 patients with limb shortening pre-operatively, limb 
length equalization was achieved in 16 cases (16/24). The ave-
rage limb shortening was 2.5 cm, ranging from 1.0 to 3.2 cm.
The average abductor length was 64.8 mm (54–75 mm) for 
the osteotomy side. The contralateral (normal) side was 73.7 
mm (63–92 mm). Therefore, there was an average reduction 
of 8.9 mm. Percentage-wise, there was a decrease of 12.1% 
in the abductor length.
The average neck shaft angle for the normal side was 132º 
(120–145º). The average angle after osteotomy was 144º 
(131–152º). Therefore, there was a valgization of 12o. The per-
centage valgization compared to the normal side was 9.2%. 
None of the patients had complained about pain or deformity 
in the homolateral knee.

DISCUSSION

Femoral neck fractures have been described in the past as 
“the unsolved fracture”.4 Despite improved operative techni-
ques, surgical technologies, hardware material and theoretical 
understanding, osteonecrosis and non-union continue to be 
the main complications of fracture of the femoral neck.
Non-union rates of 10% to 59% have been reported and may be 
seen more frequently in young patients due high-energy trau-
ma.5-14 In this series, the average age was 42.4 years (±11.2).
The aetiology of non-union is usually unknown and multifac-
torial. Several studies have attempted to describe predictive 
characteristics for the fracture in order to describe its evolution 
to pseudoarthrosis.9,15-19 Fracture displacement appears to be 
the most reliable predictor. Posterior comminution, fracture 

Figure 1. Femoral neck fracture (A); (B) failure of initial osteosynthesis treat-
ment with two cannulated screws; (C) post-operative valgus intertrochanteric 
osteotomy; (D) and (E) pelvis x-ray showing the consolidation of valgus os-
teotomy and healing of non-union neck fracture in one year and 7 years later.
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level, delayed surgery, inadequate reduction and poor internal 
fixation have also been reported.
To date there are no established criteria for the diagnosis 
of non-union of femoral neck fractures. Most authors have 
concluded that the definitive diagnosis should be based on 
time (more than 6 months), deterioration in patient’s function, 
and worsening of pain in groin or buttock, aggravated by 
weight bearing or under rotation. After clinical history, serial 
radiographs are the most reliable parameter for consideration. 
Changes in screw position, change in fracture position, rea-
bsorption of fracture baseline, and backing out of screws are 
some of the criteria that should be considered.5,6,9,10,16

In a few recent cases, MRI, CT scans, and isotope bone scans 
were used for the diagnosis of necrosis, but x-rays were the 
most important criterion used in image examination. Radio-
graphic avascular necrosis without collapse is not an absolute 
contraindication in preserving the femoral head. Acceptable 
results have been reported in the absence of collapse.6,20,21

Osteonecrosis with incongruence, poor quality bone and rea-
bsorption, disruption or excavation were considered as a con-
traindication for osteotomy. In our series, the average interval 
between injury and valgus osteotomy was 6.5 months. Although 
most authors fix the osteotomy with a 130o fixed angle blade-
-plate we used the DHS 135º in 64.3% of cases (27/42). We 
prefer the dynamic hip screw rather than a blade plate. The dy-
namic hip screw provides rigid stability, is less aggressive, allo-
ws compression in non-union fracture and is easier to perform.
Bone healing in non-union was achieved in 38 cases (90.4%). 
Cases that failed to achieve bone healing were associated 
with inappropriate surgical technique. In two cases the dyna-
mic screw cut out the femoral head and another two cases 
were associated with collapse and necrosis of the head. In one 
case the introduction and length of the blade of the plate were 
inappropriate and in another, the blade was too long and cau-
sed distraction and necrosis during the weight-bearing period. 
All 42 trochanteric osteotomies achieved complete healing.
We achieved healing in 41 cases (97.6%) at the first attempt. 
Revision osteotomy was performed in one patient. After chan-
ging the hardware (Blade plate for dynamic hip screw) and 
bone grafting, healing was also achieved in this patient.

Many papers agree that Pauwels’ intertrochanteric osteotomy is 
a reliable option for achieving healing in non-union femoral neck 
fractures. Ghosh et al.21 reported a consolidation rate of 86% 
(30/35), Pidhorz et al.22 74%, Marti et al.6 86% (43/50), Mathews 
and Cabanela23 80% (12/15), Lies and Scheuer24 88% (15/17), 
Eid25 90% (9/10), Ballmer et al.7 88% (15/17), Raaymmakers 
and Marti26 88% (58/66), Wu et al.27 94% (16/17), Magu et al.28 
93% (14/15), and Zehi et al.20 98% (40/41). Many authors re-
ported 100% of non-union healing. Anglen29 reported 13 cases, 
Wentzensen and Weller30 7 cases, Walcher and Wiesinger31 13 
cases, Varshney and Trikha32 7 cases, and Min et al.33 11 cases.
Despite the high consolidation rate in many cases, osteone-
crosis with or without collapse may occur. Clinically good re-
sults have been associated with this situation.6,7,20,26 However, 
if degenerative changes progress, total hip replacement could 
become necessary. Obviously, as the duration of follow-up 
increases, the number of hip replacements increases. Marti et 
al.,7 in 7 years follow-up, reported 14% of hip replacements, 
Mathews and Cabanela23 reported 16% after 4 years, Ballmer 
et al.7 12% after 3 years, Wu et al.27 12% after 2 years, and 
Min et al.33 18% after 5 years (2/11). In our series, we recorded 
14% (6/42) after 10.2 years.
Mathews and Cabanela23 were the first to measure anatomical 
and biomechanical alterations after valgus intertrochanteric 
osteotomy. After reviewing 15 cases, the authors concluded 
that abductor moment decreased, on average, by 11 mm 
when compared with the normal opposite side. In the present 
study we found a reduction of 8.9 mm. Theoretically, the ab-
ductor moment decreased by an average of 12.1%.
Mathews and Cabanela23  also analysed the neck shaft angle. 
In comparison with the opposite side, the angle increased 
from 123º to 149º. In our cases, the average increased from 
132º to 144º. The main criticism of this alteration is the ne-
gative influence of pelvitrochanteric muscular strength and 
the repercussions in the homolateral knee. For this reason 
Matheus attributed limping in 96.6% of cases (13/15). On other 
hand Ballmer et al.7 only found 15.4% (2/15) of limping. In 
the present study, at least during the follow-up period, mild 
Trendelenburg gait was observed in five cases (5/36 – 13.2%). 
None of the patients used a stick or crutches.
Limb shortening was observed in 24 patients. Valgus trochan-
teric osteotomy has the potential to correct leg length discre-
pancies.21,28,34-36 Restoration of leg length can be achieved by 
valgization and varying the size of the wedge taken from the 
distal fragment. During the follow-up period, the average shor-
tening in 8 patients was 12 mm. Equalization was achieved in 
16 cases (16/24). This means that 66.6% of the discrepancies 
were corrected.
After excluding complicated cases, 36 of the remaining os-
teotomies showed good functional outcome as evaluated by 
the Harris hip score. The average hip score was 81.2 points 
(±4.2). Hip function was excellent in 14 patients (14/36). 
Good results were obtained in 20 (20/36) and fair in 2 (2/36). 
Good and excellent functional results were reported by many 
other authors.6,7,20,23,26,27,29,30,33

Another alternative for non-union could be total hip arthro-
plasty (THA), which can offer very good outcomes.37-40 Unlike 
osteotomy, THA provides rapid pain relief and allows early 
mobilization. However the long-term results of hip arthroplas-

Figure 2. Functional results after healing of neck non-union.
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ties are not always as expected.41-45 High failures rates and 
bad results have been reported in young patients. In such 
patients, total hip replacement could be an easier solution, 
but probably not the best. Valgus trochanteric osteotomy is a 
less radical approach and is worth considering.

CONCLUSIONS

Valgus intertrochanteric osteotomy achieved 90.4% of hea-
ling in the treatment of femoral neck non-union (38/42). It is 
a biological and effective method for the treatment of neck 
non-union with good functional results.

Acta Ortop Bras. 2015;23(5):319-22

REFERENCES
1.	 Pauwels F. Der schenkelhalsbruch ein mechanishes problem: grundlagen des 

heilungsvorganges, prognose und kausale. Therapie. Stuttgart: Ferdinand 
Enke Verlag; 1935.

2.	 Ficat RP. Idiopathic bone necrosis of the femoral head. Early diagnosis and 
treatment. J Bone Joint Surg Br. 1985;67(1):3-9. 

3.	 Harris WH. Traumatic arthritis of the hip after dislocation and acetabular frac-
tures: treatment by mold arthroplasty. An end-result study using a new method 
of result evaluation. J Bone Joint Surg Am. 1969;51(4):737-55. 

4.	 Dickson JA. The unsolved fracture; a protest against defeatism. J Bone Joint 
Surg Am. 1953;35(4):805-22. 

5.	 Lu-Yao GL, Keller RB, Littenberg B, Wennberg JE. Outcomes after displaced 
fractures of the femoral neck. A meta-analysis of one hundred and six published 
reports. J Bone Joint Surg Am. 1994;76(1):15-25. 

6.	 Marti RK, Schüller HM, Raaymakers EL. Intertrochanteric osteotomy fo non-
union of the femoral neck. J Bone Joint Surg Br. 1989;71(5):782-7. 

7.	 Ballmer FT, Ballmer PM, Baumgaertel F, Ganz R, Mast JW. Pauwels osteotomy 
for nonunions of the femoral neck. Orthop Clin North Am. 1990;21(4):759-67.

8.	 Strömqvist B, Hansson LI, Nilsson LT, Thorngren KG. Hook-pin fixation in 
femoral neck fractures. A two-year follow-up study of 300 cases. Clin Orthop 
Relat Res. 1987;(218):58-62.

9.	 Barnes R, Brown JT, Garden RS, Nicoll EA. Subcapital fractures of the femur. 
A prospective review. J Bone Joint Surg Br. 1976;58(1):2-24. 

10.	Alho A, Benterud JG, Solovieva S. Internally fixed femoral neck fractures. 
Early prediction of failure in 203 elderly patients with displaced fractures. Acta 
Orthop Scand. 1999;70(2):141-4. 

11.	Protzman RR, Burkhalter WE. Femoral-neck fractures in young adults. J Bone 
Joint Surg Am. 1976l;58(5):689-95.

12.	Swiontkowski MF, Winquist RA, Hansen ST Jr. Fractures of the femoral neck 
in patients between the ages of twelve and forty-nine years. J Bone Joint Surg 
Am. 1984;66(6):837-46. 

13.	Dedrick DK, Mackenzie JR, Burney RE. Complications of femoral neck fracture 
in young adults. J Trauma. 1986;26(10):932-7. 

14.	Jackson M, Learmonth ID. The treatment of nonunion after intracapsular frac-
ture of the proximal femur. Clin Orthop Relat Res. 2002;(399):119-28. 

15.	Banks HH. Factors influencing the results in fractures of the femoral neck. J 
Bone Joint Surg Am 1962;44:931-64.

16.	Meyers MH, Harvey JP Jr, Moore TM. Treatment of displaced subcapital and 
transcervical fractures of the femoral neck by muscle-pedicle-bone graft and 
internal fixation. A preliminary report on one hundred and fifty cases. J Bone 
Joint Surg Am. 1975;55(2):257-74. 

17.	Scheck M. Comminuted fractures of the posterior wall of the neck of the femur. 
Clin Orthop Relat Res. 1967;(54):13-28. 

18.	Rajan DT, Parker MJ. Does the level of an intracapsular femoral fracture influ-
ence fracture healing after internal fixation? A study of 411 patients. Injury. 
2001;32(1):53-6. 

19.	Unger AS, Shuster HF. Predicting the healing of the displaced subcapi-
tal hip fracture via postoperative roentgenographic factors. Orthop Rev. 
1986;15(9):575-80. 

20.	Zehi K, Bouguira A, Saadaoui F, Meherzi MH, Karray S, Zouari M, et al. Valgus 
osteotomy in the treatment of pseudoarthrosis of the femoral neck: 41 cases. 
Rev Chir Orthop Reparatrice Appar Mot. 2001;87(6):562-8.

21.	Ghosh B, Bhattacharjya B, Banerjee K, Bera AK. Management of non-united 
neck femur fracture by valgus osteotomy--a viable alternative. J Indian Med 
Assoc. 2012;110(11):819-20.

22.	Pidhorz L, Lahbabi S, Deburge A. [Pseudarthrosis of the femur neck. Treat-
ment by intertrochanteric osteotomy]. Rev Chir Orthop Reparatrice Appar Mot. 
1974;60(3):205-21. 

23.	Mathews V, Cabanela ME. Femoral neck nonunion treatment. Clin Orthop Relat 
Res. 2004;(419):57-64. 

24.	Lies A, Scheuer I. Pseudo-arthrosis of the neck of the femur in adults. Patho-
genesis, therapy and results. Unfallheilkunde. 1983;86(3):116-21.

25.	Eid A. Valgus osteotomy for delayed presentation of femoral neck fractures 
Pauwels Grade III. J Orthop Trauma. 2010;24(2):115-9.

26.	Raaymakers EL, Marti RK. Nonunion of the femoral neck: possibilities and limi-
tations of the various treatment modalities. Indian J Orthop. 2008;42(1):13-21. 

27.	Wu CC, Shih CH, Chen WJ, Tai CL. Treatment of femoral neck nonunions with 
a sliding compression screw: comparison with and without subtrochanteric 
valgus osteotomy. J Trauma. 1999;46(2):312-7. 

28.	Magu NK, Singh R, Mittal R, Garg R, Wokhlu A, Sharma AK. Osteosynthesis 
and primary valgus intertrochanteric osteotomy in displaced intracapsular 
fracture neck of femur with osteoporosis in adults. Injury. 2005;36(1):110-22. 

29.	Anglen JO. Intertrochanteric osteotomy for failed internal fixation of femoral 
neck fracture. Clin Orthop Relat Res. 1997;(341):175-82. 

30.	Wentzensen A, Weller S. Pseudarthrosis as a complication of femoral neck 
fracture. Aktuelle Traumatol. 1983;13(2):72-6. 

31.	Walcher K, Wiesinger H. Pauwels' linear osteotomy or alloplasty in pseudar-
throsis of the femur neck]. Aktuelle Traumatol. 1983;13(1):34-41.

32.	Varshney MK, Trikha V. Intertrochanteric osteotomy using a dynamic hip screw 
for femoral neck nonunion. (J Orthop Trauma 2005;19:329-333). J Orthop 
Trauma. 2005;19(10):751.

33.	Min BW, Bae KC, Kang CH, Song KS, Kim SY, Won YY. Valgus intertrochanteric 
osteotomy for non-union of femoral neck fracture. Injury. 2006;37(8):786-90. 

34.	Roshan A, Ram S. Early return to function in young adults with neglected 
femoral neck fractures. Clin Orthop Relat Res. 2006;(447):152-7. 

35.	Nagi ON, Dhillon MS, Goni VG. Open reduction, internal fixation and fibular 
autografting for neglected fracture of the femoral neck. J Bone Joint Surg Br. 
1998;80(5):798-804. 

36.	Nikolopoulos KE, Papadakis SA, Kateros KT, Themistocleous GS, Vlamis JA, 
Papagelopoulos PJ, et al. Long-term outcome of patients with avascular ne-
crosis, after internal fixation of femoral neck fractures. Injury. 2003;34(7):525-8. 

37.	Delamarter R, Moreland JR. Treatment of acute femoral neck fractures with 
total hip arthroplasty. Clin Orthop Relat Res. 1987;(218):68-74. 

38.	Kuokkanen HO, Suominen PK, Korkala OL. The late outcome of femoral neck 
fractures. Int Orthop. 1990;14(4):377-80. 

39.	McKinley JC, Robinson CM. Treatment of displaced intracapsular hip frac-
tures with total hip arthroplasty: comparison of primary arthroplasty with 
early salvage arthroplasty after failed internal fixation. J Bone Joint Surg Am. 
2002;84(11):2010-5. 

40.	Sim FH, Stauffer RN. Management of hip fractures by total hip arthroplasty. 
Clin Orthop Relat Res. 1980;(152):191-7. 

41.	Greenough CG, Jones JR. Primary total hip replacement for displaced subcapi-
tal fracture of the femur. J Bone Joint Surg Br. 1988;70(4):639-43.

42.	Hunter GA. Should we abandon primary prosthetic replacement for fresh 
displaced fractures of the neck of the femur? Clin Orthop Relat Res. 
1980;(152):158-61. 

43.	Mehlhoff T, Landon GC, Tullos HS. Total hip arthroplasty following failed internal 
fixation of hip fractures. Clin Orthop Relat Res. 1991;(269):32-7.

44.	Franzén H, Nilsson LT, Strömqvist B, Johnsson R, Herrlin K. Secondary total 
hip replacement after fractures of the femoral neck. J Bone Joint Surg Br. 
1990;72(5):784-7. 

45.	Gao H, Liu Z, Xing D, Gong M. Which is the best alternative for displaced 
femoral neck fractures in the elderly?: A meta-analysis. Clin Orthop Relat 
Res. 2012;470(6):1782-91.


