




Augmented osteosynthesis in fractures of the distal end of the femur in elderly patients: surgical technique, anatomical and functional results
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ABSTRACT
Objective: The specific objectives were to describe the clinical and functional outcomes of patients operated with a locked distal femoral plate augmented with a standard viscosity acrylic cement, the radiological results and the complications encountered.
Patients and Method: This is a case series study with descriptive and analytical aims, conducted over a 5-year period from 1 January 2018 to April 2023. The AO/OTA classification was used for the radiological classification of fractures. Gait was assessed using the Parker score. Functional outcome of the knee was assessed using the MEGY functional score. Our study population consisted of 44 cases. The mean age of the patients was 80.66 years, with the [55-90] age group the most affected. Both sexes were represented, with female domination. Domestic accidents were responsible for 88.6% of fractures of the distal end of the femur in patients aged over 65. The left side was most affected in 72.7% of cases. Periprosthetic fractures accounted for 38.6% of fractures. A1 fractures were the most common (55%). The average waiting to operate time was 3 days. The Locked-compression distal, lateral femoral plate with polymethyl methacrylate ciment augmentation was used in all our patients. The mean operative time was two hours and 12 minutes.
Results: Physiotherapy was started early in 86.4% of patients. The mean time to consolidation was 6 months. The consolidation rate was 95.4%. Residual knee pain was the most common late complication (34.1%), followed by pseudarthrosis (13.6%), infection, reduction failure and implant rupture. The overall functional result was satisfactory in 93.2% of cases, very good in 43.2% and good in 34.1%. 
Conclusion: Augmented osteosynthesis for distal femur fractures in elderly patients must combine stability, solidity, rapid act and immediate rehabilitation in order to achieve good consolidation and a good functional result and avoid early morbidities and mortalities. 
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INTRODUCTION
Fractures of the distal end of the femur are severe injuries with high mortality in the elderly population [1]. They are serious due to the significant mortality they cause in this age group. Their frequency is estimated at 0.4% of all fractures and 3% of all femur fractures [2]. The context is usually high-energy trauma in young patients, and domestic accidents or low-energy trauma in elderly individuals [3]. The sex ratio is shifted, with a female predominance due to osteoporosis, and the affected population is increasingly older [4]. The mechanism is most often an indirect trauma on a flexed knee [4].
The term augmented osteosynthesis refers to the surgical management of a fracture by combining an osteosynthesis device with polymethyl methacrylate (PMMA), or by using two plates, or a nail and a plate to increase the stability of the construct. The use of cement in what is called augmented osteosynthesis was first experimented in 1958. However, it was Sir John CHARNLEY (1911–1982), a British surgeon, who popularized PMMA in orthopedics by using it to anchor a hip prosthesis [5]. In 1989, Schmalholz used cement in distal radius fractures and reported a consolidation rate of around 95% [6].
Two major challenges arise with distal femur fractures: on one hand, poor bone quality, which compromises implant anchorage, and on the other hand, an uncertain prognosis due to the mortality associated with this type of fracture.
The specific objectives of this study were to describe the surgical technique used in patients operated with a locked distal femur plate and standard-viscosity acrylic cement, assess the anatomical results, evaluate the functional outcomes, and identify complications.
1-PATIENTS AND METHODS
Study Population
This was a single-center, single-surgeon continuous case series study conducted over a 5-years period from 2018 to 2023. It included 44 patients who underwent surgery for a distal femoral fracture and were followed up for a minimum of 12 months or more at the Grand Hôpital de l’Est Francilien (France).
The patients’ ages ranged from 53 to 107 years. Both sexes were represented, with 24 women and 20 men. The most frequent injury mechanism was domestic accidents.
Inclusion criteria
Patients aged over 65 years with extra or intra-articular distal femeral fractures (types A, B, C1, and C2 according to AO classification), treated surgically using an LCP plate and polymethyl methacrylate (PMMA) cement, with at least 12 months of follow-up were included.
Exclusion criteria
Patients with AO type C3 fractures, who died a few months after surgery, follow up of less than 12 months and those who were operated on for other reasons at the same time were excluded.
Study parameters
The parameters studied included: age, medical history, fracture type, associated lesions, time to management, time to consolidation, functional outcomes, and complications.
Surgical Technique
Type of anesthesia
Thirty-two patients underwent general anesthesia and twelve had regional anesthesia combined with a lower limb nerve block.
Patients were placed in the supine position with a bolster under the knee, or in a three-quarter position on a regular table under general anesthesia. A contralateral support was placed to stabilize the patient.
A lateral surgical approach was used. Open reduction was performed, followed by osteosynthesis using an LCP plate. Acrylic cement was injected after plate placement, either using a gun system or manually into the defect left after fracture reduction. The cement was placed specifically at the defect site.
Standard-viscosity cement with a hardening time of 12 minutes from mixing to application was used. Closure was done in layers, with a drain.
A postoperative control radiograph was performed immediately in the operating room.
· Post operative care
Postoperative care focused on rehabilitation, especially nursing care for the elderly. Rehabilitation could be initiated immediately or later, depending on the stability of the surgical construct.
Active-passive mobilization of the knee:
If the construct was deemed stable during surgery, immediate postoperative rehabilitation was carried out using:
· A continuous passive motion (CPM) machine for 1 to 2 hours, 3 times per day,
· Sitting position and transfer to a chair depending on pain, as early as 24 hours post-op,
· Authorization for non-weight-bearing ambulation using crutches or a walker for 3 months, followed by progressive weight-bearing.
Early rehabilitation was done using a CPM machine during hospitalization if the fixation was stable.

Functional evaluation used the MEGY score and Parker score (Table 1)
Table I: Functional outcome according to MEGY score
	
Functional criteria
	

	
	4 points
	3 points
	2points
	1 point

	Mobility
	Flexion>120°
	Flexion between 90° and 120°
	Flexion between 60° and 90°
	Flexion<60°

	Pain
	No pain
	Intermittent
	With effort
	Constant

	Stability
	Normal
	Normal
	Mild Instability
	Severe instability

	Walking
	Normal
	Limp on exertion
	Permanent limp
	Walking with cane

	
	
	
	
	


Overall evaluation:
· Very good: 15–16                      Good: 11–14
· Moderate: 8–10                          Poor: 4–7

2-RESULTS
2-1 Clinical Results
Patients were operated on after an average delay of 3 days, depending on their injuries and condition. The mean surgical time was 132.16 minutes ± 22.42. Average blood loss was 390.68 ± 40.77 ml (310m to 500ml).
Intraoperatively, bone defects were observed secondary to epiphyseal-metaphyseal impaction, with a maximum defect of 1.8 cm, which justified the use of PMMA cement to fill the gap.

2-2 Type of the fractures (Graph 1)


Graph 1: Distribution of patients according to AO classification
To note that 8 patients had a periprosthetic fracture.
Bone defect (cm): Intraoperatively, the bone defect was secondary to impaction following reduction. Evaluation was subjective, based on the surgeon’s intraoperative assessment.
An example of a pre and post-operative xrays is given in figure 1 to 4.
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Figure 1:Supracondylar and intercondylar fractures of  the right distal femur in a 68-year-old patient. Osteosynthesis with a 10-hole right condylar locked plate with satisfactory alignement.

· Consolidation
The mean time to consolidation was 6 months (in 36% of cases) (graph 2).
In total, 42 patients achieved consolidation, including those who required revision surgery after 28 months or more. (Graph 2)

 

Graph 2: Distribution of patients according to consolidation time (in months)
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[bookmark: _Hlk182257406]Figure 2: Anteroposterior and lateral X-rays and ct-scan of a 62 years old Patient showing an AO type C2 supracondylar and intercondylar fracture. Surgery was performed on postoperative day 2 using a locked condylar plate.
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Figure 3: Anteroposterior and lateral control radiographs of the same patient (B.D., 62 years), at 12 months postoperative showing good consolidation.
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[bookmark: _Hlk182257427][bookmark: _Hlk179102150]
Figure 4:Control radiographs of the same patient at 24 months postoperative.
The fracture had consolidated.
[bookmark: _Hlk182257442]
2-3 Functional results
[bookmark: _Hlk179102274]Early rehabilitation was initiated in 86.4% of the patients, with an average of 20 physical therapy sessions.
Postoperative knee mobility was generally satisfactory:
· Average flexion: 100°
· Extension: 5°
Table II: Distribution of patients according to postoperative MEGY functional score
	Functional result
	Number of patients
	       Percentage

	Very Good
	19
	43,2%

	Good
	15
	34,1%

	Moderate
	7
	15,9%

	Poor
	3
	6,8%



Complications
Among the 44 patients, 8 experienced complications:
· 6 cases of pseudarthrosis (including 1 with implant rupture)
· 1 case of reduction failure
· 1 case of postoperative infection
Eight patients underwent revision surgery following these complications. Among them, 2 still failed to achieve consolidation. The same type of implants was used in the revisions.
The revision procedures were performed within a short period, typically before one year after the initial surgery.
3- Discussion
3-1 Therapeutic aspects
All patients were treated with a locked plate and cement. Intraoperative evaluation of the bone defect was subjective, based on the surgeon’s estimation of the defect length.
The indications for using cement were based on bone quality, and presence of a defect after debridement.
The cement used was Palacos R+G, with: One sachet per patient, 40.8 g of radiopaque polymer, 0.5 g of gentamicin.
This allowed for a consistent evaluation across the study population. The amount of cement used depended on the defect size and was not standardized. Thus, the use and quantity of PMMA were operator-dependent. Further studies could help establish preoperative criteria.
In 70.4% of cases, postoperative reduction quality was satisfactory. This rate is higher than that reported by Ehlinger et al., who found a 66.1% satisfactory outcome in their series [7]. This higher rate in our study may be due to:
· A single operator performing all surgeries,
· Use of intraoperative fluoroscopy for real-time reduction control.
A total of 40 patients achieved bone union within 9 to 26 months, resulting in a consolidation rate of 95.4%. This high rate can be explained by: Prompt surgical management, careful patient monitoring, enabling early revision in case of complications, our findings align with experimental studies by Eklem et al. (Turkey),PB Fontenot (Florida), and Michael G. [8,9,10].
In Germany, J. Christopher et al. reported a consolidation rate of 91.6%. In 2008, Schwartz (Germany) achieved a 95% consolidation rate in distal radius fractures, with only one complication (secondary displacement due to poor surgical technique) [9]. These findings support the hypothesis that cement adjunct may increase consolidation rates in metaphyseal fractures due to its osteoconductive effect.
· Surgical procedure and incidents
[bookmark: _Toc30564577][bookmark: _Toc85845705]In our study, management was rapid, with a minimum surgical delay of 24 hours, thanks to the availability of operating facilities — contributing to good outcomes. This matches results from Ely et al who reported a mean surgical delay of 3.8 days. In contrast, Kombaté et al. (Togo) had a delay of 21 days, which may explain their lower functional scores [11].
Intraoperative evaluation of the bone defect was subjective, meaning there is no standardized guideline for cement filling or quantity. This represents a study bias.
3-2 Functional Aspects
[bookmark: _Toc534564436][bookmark: _Hlk179120731]The management goal was to:
· Restore anatomical alignment and articular congruence,
· Enable verticalization, prevent complications of prolonged bed rest,
· Support social reintegration, and
· Promote successful bone healing.
As shown by several studies [6,12–15], using cement in osteosynthesis for elderly patients increases construct stability and supports consolidation.
In our series, 38 patients began physical therapy immediately.
Rehabilitation protocol:
· Day 1–15: Knee mobilization up to 45°
· Day 15–30: 45° to 90°
· Day 30–60: 90° and beyond
The remaining 6 patients began rehabilitation after 2 weeks because the surgeon deemed the construct unstable despite augmented osteosynthesis. They wore a knee orthosis for 2 weeks before beginning therapy.
Overall functional results were satisfactory in 93.2% of patients.
Parker score:
· Preoperative autonomy score 4–6: 18%
· Postoperative autonomy score 4–6: 27%
This improvement was limited by comorbidities that kept patients bedridden.
Still, 72% had good autonomy postoperatively (Parker score 7–9).
In China, Yin et al. (2012) reported 82.3% functional success using augmented osteosynthesis in tibial plateau fractures [16].
In Germany, J. Christopher et al. (2018) compared augmented vs. non-augmented locked plating of proximal humerus fractures in 24 cases.
They found no significant difference in Constant scores — average score of 73% [15].
In Togo, Kombaté et al. found AO/OTA type A2 fractures were most common (25%) all patients received locked condylar plates, rehabilitation began early in 87.5%, average consolidation time was 4 months [11].
Across studies, regardless of fracture comminution, locked plates were the common standard. Our study suggests cement improves functional outcomes and consolidation rates (95.4% and 93.2% respectively).
This high success rate in our study may be attributed to: early surgical intervention, adequate follow-up, prompt revision in case of complications, the use of cement.
Table III: Overall Functional Outcome Comparison
	
	OUR  SERIES
	
	MOROCCO
ELKHIMARI
	CHINA
YIN

	Good Functional Results (%)
	
93,2%	
	
	
68,8%
	   
82,3%




3-3 Evolutionary Aspects
The complications observed in our series were: infection, pseudarthrosis, implant rupture, disassembly, and reduction failure.
A total of eight patients experienced complications, and six recovered after undergoing implant replacement, with healing occurring around 26 months later.
In our study, 13.6% of patients developed pseudarthrosis. By comparison, El Khimani et al. (2012, Morocco) reported a rate of 9%, but their therapeutic approach involved various implants without cement. Our higher rate may be attributed to the rigidity of the construct. The implant rupture case was likely due to the same rigidity: Only locked screws were used, making the construct too stiff, resulting in force transmission through the plate, which led to implant failure.
In Togo, Kombaté et al. [18] reported: residual knee pain as the most common late complication (62.5%), knee stiffness in 15.6% of cases.
In our series, 11.3% of patients had knee stiffness, likely due to: early rehabilitation, pre-existing early-stage osteoarthritis at admission.
Similarly, Lamraski (Belgium) [19] reported 11% knee stiffness in his series.
This confirms that functional outcomes depend on early management and appropriate postoperative follow-up.
The infection encountered in our series was a deep infection, requiring revision surgery with irrigation, implant removal, and placement of an external fixator.
To prevent pseudarthrosis, it would be preferable to use a combination of locked and non-locked screws when placing the plate, to avoid excessive rigidity in the construct. Schwartz et al. [6], in their work on augmented osteosynthesis for distal radius fractures, reported only two complications: one case of articular leakage, one case of secondary displacement, both attributed to poor surgical technique.
In France, M. Fernandez and R. Di Francia [12] also discussed augmented osteosynthesis, using a TFNA nail with injected cement for proximal femur fractures. They reported: one case of pseudarthrosis, one case of implant rupture, case of infection treated with external fixation.
These results highlight the importance of surgical technique in achieving satisfactory outcomes in augmented osteosynthesis.
We concur with Schwartz:
Anatomical and functional outcomes in osteosynthesis depend primarily on the timing of management and the surgical technique used.
Prognostic Factors
The poor prognostic factors in our study were mainly : The excessive rigidity of the construct (due to using only locked screws), which explains the higher rate of pseudarthrosis and implant rupture, and the patients’ comorbidities.
CONCLUSION 
Augmented osteosynthesis in distal femur fractures in elderly patients yields satisfactory functional outcomes and increases the rate of bone consolidation.
To achieve these results, the surgical technique must combine:
· Timely operability,
· Mechanical stability,
· Construct robustness, and
· Early functional rehabilitation,
In order to ensure solid healing and favourable functional recovery.
Our findings confirm that cement increases the consolidation rate, particularly in metaphyseal fractures, through its osteoconductive effect.
While our results with a 95% success rate are consistent with existing literature, further improvements are still needed. We recommend: Multicenter studies involving other hospitals in France with larger sample sizes to generalize findings and provide a broader picture of therapeutic strategies and prognoses.
Comparative studies evaluating the use of cement versus no cement in this type of fracture, to help establish a standard consensus.
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