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            Abstract

            
               
Background: A detailed Knowledge of these variations in motor branching patterns will help the surgeons when certain procedures are done
                  for calf reduction and also when selective neurectomy is required. It is also required by the anesthetists to give neurolytic
                  blocks. Subjects and Methods: 40 formalin-fixed lower limbs of adult human cadavers were selected. The origin of the tibial nerve, variations in a branching
                  pattern, number of muscular branches given was studied by dissection. The Level of origin of these nerves was taken to the
                  apex of the head of the fibula (AHF). Results: In 70 % of specimens the origin of the Tibial Nerve was < 12 cm and in 30 % it was between 12-24 cm above the level of AHF.
                  In 10% of cases, the sural nerve originated from the nerve to the medial head of gastrocnemius (MHG). In 82.5% of specimens,
                  the MHG received one branch from the tibial nerve and in 17.5% it received two branches. The lateral head of Gastrocnemius
                  (LHG) received one branch from the tibial nerve. In 10%, there was a common branch for the LHG and the soleus muscle. 90%
                  of specimens had one branch and 10% had two branches that supplied the soleus muscle. A single branch supplied the plantaris
                  muscle. The popliteus muscle also received a single branch. Conclusion: The results in the study provide information that is required by the anatomists, surgeons, radiologists and anesthetists.
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               Introduction

            The tibial nerve (TN) is the largest component of the Sciatic nerve (SN), derived from the ventral branches of the fourth
               and fifth lumbar and first to third sacral ventral rami. In the popliteal fossa, the muscular branches arise between the two
               heads of gastrocnemius and supply gastrocnemius, plantaris, soleus and popliteus. [1] The medial sural cutaneous nerve is derived from the tibial nerve in the popliteal fossa. [2] 
            

            TN injury occurs when there is a fracture of the lower end of the femur or proximal end of the tibia which is caused by high
               energy trauma during motor car accidents, fall from height and also by cut injuries in the popliteal fossa. [3] TN injuries would lead to paralysis of all the muscles of the back of the leg and sole of the foot. The sensation is also
               lost on the sole of the foot which later leads to trophic ulcers. [4] 
            

            Knowledge about the TN in the popliteal fossa is important to give popliteal nerve block during surgeries. [5] Tibial neurotomy ensures long term functional improvement of patients with spastic equinus foot. [6] The safe and effective method for calf reduction is done by neurectomy of the nerve to medial gastrocnemius. [7] For spasticity it is important to know the exact location and locational variations of the TN. [8] The aim of the present study was to study the origin, relations, variations and branching pattern of TN in the popliteal
               fossa.
            

         

         
               Subjects and Methods

            The study was done by dissecting 40 formalin-fixed lower limbs of adult human cadavers. The TN was dissected and all the measurements
               were taken by keeping the apex of the head of the fibula (AHF) as a landmark. The measurements were taken using a measuring
               tape in centimeters. The branches of the tibial nerve were carefully dissected and studied regarding the branching pattern,
               a number of branches given and divisions to Medial head of Gastrocnemius, Lateral head of Gastrocnemius, Soleus, Plantaris
               and Popliteus muscles. In the present study, all the values were measured from the first branch in the case when the muscle
               was supplied by more than one branch. The origin of the medial sural cutaneous nerve was also studied.  The range, mean and
               standard deviation were calculated for the readings obtained.
            

            
                  
                  Figure 1

                  
                     Photographs showing variations in the branching pattern of the
                     Tibial nerve in the Popliteal fossa. A) 
                     Nerve to Soleus (NS) originating from the Nerve to 
                     Lateral head of Gastrocnemius (NLHG). B) Two muscular branches supplying the Medial head of Gastrocnemius (MHG). C) Medial
                        Sural cutaneous nerve (SUN) originating from nerve to Medial head of Gastrocnemius (NMHG). D) Nerve to 
                     Lateral head of Gastrocnemius (NLHG) showing three divisions. (BF-Biceps 
                     Femoris
                     , SM- Semimembranosus, ST-Semitendinosus, LHG-Lateral head of Gastrocnemius, SN-Sciatic Nerve, CPN-Common 
                     peroneal nerve, TN- Tibial nerve, NP-Nerve to Plantaris, D-Division, PV-Popliteal vein.
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               Results

            
               The d
               istance of the 
               origin of the nerves in relation to the AHF.
                
               [Table 1]
               
            

            The mean site of origin of TN from the SN in relation to AHF was 10.42 ± 2.71cm. The minimum distance of origin was 6 cm and
               the maximum distance of origin was 15.40 cm respectively. 70 % of specimens (n=28) showed that the site of origin was less
               than 12 cm above the level of AHF. 30 % of specimens (n=12) showed that the site of origin was between 12 cm to 24 cm above
               the level of AHF.
            

            The mean site of origin of the medial sural cutaneous nerve (SUN) in relation to the AHF was 7.56 ± 1.76 cm. The minimum distance
               of origin was 4.60 cm and the maximum distance of origin was 13 cm respectively. In 10% (n = 4) of cases, SUN originated from
               the NMHG instead of the TN and in 90% (n = 36) of cases, the SUN originated from the TN. 
            

            The mean site of origin of NMHG in relation to the AHF was 7.03 ± 0.99 cm. The minimum distance of origin was 4.80 cm and
               the maximum distance of origin was 9.5 cm respectively. The mean site of origin of NLHG in relation to the AHF was 6.75 ±
               1.00 cm. The minimum distance of origin was 4.30 cm and the maximum distance of origin was 9.20 cm respectively.
            

            The mean site of origin of nerve to soleus muscle in relation to of apex of the head of the fibula was 6.03 ± 0.97 cm. The
               minimum distance of origin was 4.10 cm and the maximum distance of origin was 9.30 cm respectively. In 10% (n = 4) of cases,
               NS originated from the NLHG instead of the TN and in 90% (n = 36) of cases, the NS originated from the TN. 
            

            The mean site of origin of nerve to plantaris muscle in relation to the apex of the head of the fibula was 5.30 ± 0.81 cm.
               The minimum distance of origin was 3.50 cm and the maximum distance of origin was 7 cm respectively. The mean site of origin
               of nerve to popliteus muscle in relation to the apex of the head of the fibula was 3.89 ± 0.48 cm. The minimum distance of
               origin was 2.90 cm and the maximum distance of origin was 4.80 cm respectively.
            

            In the present study all the values were measured from the first branch in the case when the muscle was supplied by more than
               one branch.
            

            
                  
                  Table 1

                  
                     
                     
                     The d
                     istance of the origin of the nerves in relation 
                     to the AHF.
                     
                  

               

               
                     
                        
                           	
                              
                           
                            Nerves in relation to above the AHF

                           
                        
                        	
                              
                           
                           Minimum Distance (in cm)

                           
                        
                        	
                              
                           
                           Maximum Distance (in cm)

                           
                        
                        	
                              
                           
                            Mean (in cm)

                           
                        
                        	
                              
                           
                            Standard Deviation (in cm)

                           
                        
                     

                     
                           	
                              
                           
                            Tibial Nerve 

                           
                        
                        	
                              
                           
                            6.00

                           
                        
                        	
                              
                           
                            15.40

                           
                        
                        	
                              
                           
                            10.42

                           
                        
                        	
                              
                           
                            2.71

                           
                        
                     

                     
                           	
                              
                           
                            Medial sural cutaneous nerve

                           
                        
                        	
                              
                           
                            4.60

                           
                        
                        	
                              
                           
                            13.00

                           
                        
                        	
                              
                           
                            7.56

                           
                        
                        	
                              
                           
                            1.76

                           
                        
                     

                     
                           	
                              
                           
                            Nerve to Medial head of gastrocnemius

                           
                        
                        	
                              
                           
                            4.80

                           
                        
                        	
                              
                           
                            9.50

                           
                        
                        	
                              
                           
                            7.03

                           
                        
                        	
                              
                           
                            0.99

                           
                        
                     

                     
                           	
                              
                           
                            Nerve to Lateral head of gastrocnemius

                           
                        
                        	
                              
                           
                            4.30

                           
                        
                        	
                              
                           
                            9.20

                           
                        
                        	
                              
                           
                            6.75

                           
                        
                        	
                              
                           
                            1.00

                           
                        
                     

                     
                           	
                              
                           
                            Nerve to Soleus

                           
                        
                        	
                              
                           
                            4.10

                           
                        
                        	
                              
                           
                            9.30

                           
                        
                        	
                              
                           
                            6.03

                           
                        
                        	
                              
                           
                            0.97

                           
                        
                     

                     
                           	
                              
                           
                            Nerve to Plantaris

                           
                        
                        	
                              
                           
                            3.50

                           
                        
                        	
                              
                           
                            7.00

                           
                        
                        	
                              
                           
                            5.30

                           
                        
                        	
                              
                           
                            0.81

                           
                        
                     

                     
                           	
                              
                           
                            Nerve to Popliteus

                           
                        
                        	
                              
                           
                            2.90

                           
                        
                        	
                              
                           
                            4.80

                           
                        
                        	
                              
                           
                            3.89

                           
                        
                        	
                              
                           
                            0.48

                           
                        
                     

                  
               

            

            
               Number of branches given by the nerve before it supplies the muscles. 
               [Table 2]
               
            

            In 82.50 % (n=33) of specimens, the MHG received one branch from the tibial nerve and in 17.50 % (n=7) of specimens it received
               two branches. 100 % (n = 40) of specimens had one branch which supplied the LHG. In 90.00 % (n=36) of specimens the Soleus
               muscle received one branch and in 10%(n=4) it received two branches. In 10% (n = 4) of cases, NS originated from the NLHG.
               All the specimens showed one branch which supplied the Plantaris muscle. The Popliteus muscle also received a single branch.
            

            
                  
                  Table 2

                  
                     
                     
                     Number of branches given by the nerve before it supplies the muscles.
                     
                  

               

               
                     
                        
                           	
                              
                           
                             Muscles 

                           
                        
                        	
                              
                           
                            One Branch

                           
                        
                        	
                              
                           
                            Two branches

                           
                        
                     

                     
                           	
                              
                           
                            Specimen

                           
                        
                        	
                              
                           
                            Percentage %

                           
                        
                        	
                              
                           
                            Specimen

                           
                        
                        	
                              
                           
                            Percentage %

                           
                        
                     

                     
                           	
                              
                           
                            Nerve to Medial head of the gastrocnemius

                           
                        
                        	
                              
                           
                            33

                           
                        
                        	
                              
                           
                            82.5

                           
                        
                        	
                              
                           
                            7

                           
                        
                        	
                              
                           
                            17.5

                           
                        
                     

                     
                           	
                              
                           
                            Nerve to Lateral head of the gastrocnemius

                           
                        
                        	
                              
                           
                            40

                           
                        
                        	
                              
                           
                            100

                           
                        
                        	
                              
                           
                            -

                           
                        
                        	
                              
                           
                            -

                           
                        
                     

                     
                           	
                              
                           
                            Nerve to Soleus

                           
                        
                        	
                              
                           
                            36

                           
                        
                        	
                              
                           
                            90

                           
                        
                        	
                              
                           
                            4

                           
                        
                        	
                              
                           
                            10

                           
                        
                     

                     
                           	
                              
                           
                            Nerve to Plantaris

                           
                        
                        	
                              
                           
                            40

                           
                        
                        	
                              
                           
                            100

                           
                        
                        	
                              
                           
                            -

                           
                        
                        	
                              
                           
                            -

                           
                        
                     

                     
                           	
                              
                           
                            Nerve to Popliteus

                           
                        
                        	
                              
                           
                            40

                           
                        
                        	
                              
                           
                            100

                           
                        
                        	
                              
                           
                            -

                           
                        
                        	
                              
                           
                            -

                           
                        
                     

                  
               

            

            
               N
               umber of divisions 
               given by the nerve before it supplies the muscles.
                
               [
               Table 3
               ]
               
            

            In NMHG, 42.5% (n = 17) of specimens had two divisions and 57.5%(n=23) of specimens showed no division. In NLHG 27.50% (n
               = 11) specimens showed two divisions, 2.50% (n = 1) of specimen showed three division and 70%(n=28) of specimen showed no
               division.
            

            In Nerve to soleus 32.50% (n = 13) specimens showed two divisions, 2.50% (n = 1) of specimen showed three division and 65%(n=26)
               of specimen showed no division. The Nerve to plantaris and Popliteus showed no division.
            

            
                  
                  Table 3

                  
                     
                     Number of divisions given by the nerve before it supplies the muscles.
                     
                  

               

               
                     
                        
                           	
                              
                           
                             Muscles

                           
                        
                        	
                              
                           
                            No division

                           
                        
                        	
                              
                           
                            Two Divisions

                           
                        
                        	
                              
                           
                            Three Divisions

                           
                        
                     

                     
                           	
                              
                           
                            Specimen

                           
                        
                        	
                              
                           
                            Percentage %

                           
                        
                        	
                              
                           
                            Specimen

                           
                        
                        	
                              
                           
                            Percentage %

                           
                        
                        	
                              
                           
                            Specimen

                           
                        
                        	
                              
                           
                            Percentage %

                           
                        
                     

                     
                           	
                              
                           
                            Nerve to Medial head of the gastrocnemius

                           
                        
                        	
                              
                           
                            23

                           
                        
                        	
                              
                           
                            57.5

                           
                        
                        	
                              
                           
                            17

                           
                        
                        	
                              
                           
                            42.5

                           
                        
                        	
                              
                           
                            -

                           
                        
                        	
                              
                           
                            -

                           
                        
                     

                     
                           	
                              
                           
                            Nerve to Lateral head of gastrocnemius

                           
                        
                        	
                              
                           
                            28

                           
                        
                        	
                              
                           
                            70

                           
                        
                        	
                              
                           
                            11

                           
                        
                        	
                              
                           
                            27.5

                           
                        
                        	
                              
                           
                            1

                           
                        
                        	
                              
                           
                            2.5

                           
                        
                     

                     
                           	
                              
                           
                            Nerve to Soleus

                           
                        
                        	
                              
                           
                            26

                           
                        
                        	
                              
                           
                            65

                           
                        
                        	
                              
                           
                            13

                           
                        
                        	
                              
                           
                            32.5

                           
                        
                        	
                              
                           
                            1

                           
                        
                        	
                              
                           
                            2.5

                           
                        
                     

                     
                           	
                              
                           
                            Nerve to Plantaris

                           
                        
                        	
                              
                           
                            40

                           
                        
                        	
                              
                           
                            100

                           
                        
                        	
                              
                           
                            -

                           
                        
                        	
                              
                           
                            -

                           
                        
                        	
                              
                           
                            -

                           
                        
                        	
                              
                           
                            -

                           
                        
                     

                     
                           	
                              
                           
                            Nerve to Popliteus

                           
                        
                        	
                              
                           
                            40

                           
                        
                        	
                              
                           
                            100

                           
                        
                        	
                              
                           
                            -

                           
                        
                        	
                              
                           
                            -

                           
                        
                        	
                              
                           
                            -

                           
                        
                        	
                              
                           
                            -

                           
                        
                     

                  
               

            

         

         
               Discussion

            In the present study, the mean site of origin of the tibial nerve from the sciatic nerve in relation to the apex of the head
               of the fibula was 10.42 ± 2.71cm. The minimum distance of origin was 6 cm and the maximum distance of origin was 15.40 cm
               respectively. A study done by Abdelghany AH et al, on 24 lower limbs showed that in 95.83% (n=23) of specimens, the tibial
               nerve originated from the sciatic nerve at a range of 12 to 24 cm with a mean of 17.91± 3.80 cm above the level of apex of
               ahead of the fibula. [9] 
            

            The study done by Abdelghany et al, [9] tells us that the sural nerve arose from the tibial nerve in the popliteal fossa. In contrary to this, Liu et al, [7] and Hwang et al, [10] found that in 30% of the cases, the sural nerve originated from the nerve to the MHG muscle instead of the TN. In the present
               study we saw that in 10% (n = 4) of cases, the sural nerve originated from the nerve to the MHG muscle instead of the TN.
               In the present study the mean site of origin of the sural nerve in relation to the apex of the head of a fibula was 7.56 ±
               1.76 cm. The minimum distance of origin was 4.60 cm and the maximum distance of origin was 13 cm respectively. 
            

            The present study shows us that in 82.5% (n=33) of specimens the MHG muscle received one branch from the TN and in 17.5% (n=7)
               of specimens it received two branches. The study done by Abdelghany et al, [9] showed that the MHG received only one branch from the TN. Liu et al, [7] found that in 70% of cases there was only one branch and in 30% of cases there were two branches seen supplying the MHG.
               This is similar to the observations in the present study. Jang et al, [11] found only one motor branch to each head of the gastrocnemius. Hwang et al, [10] found that 49% of cases had two branches for the medial head of the gastrocnemius. Kim et al, [12] found one branch to the medial head in 75% of the cases, and two branches in 25% of cases. Sook et al, [13] found one or two branches to the medial head of the gastrocnemius. 
            

            The study done by Abdelghany et al, [9] showed that the nerve to the medial head of gastrocnemius muscle had an origin 5.21 ± 0.38 cm above the level of AHF. In
               the present study the mean site of origin of nerve to the medial head of gastrocnemius in relation to the AHF was 7.03 ± 0.99
               cm. The minimum distance of origin was 4.80 cm and the maximum distance of origin was 9.5 cm respectively. In the present
               study 42.5% (n = 17) of specimens had two divisions from the nerve to the medial head of the gastrocnemius. In the present
               study all the values were measured from the first branch in the case when the muscle was supplied by more than one branch.
            

            The LHG received only one branch from the TN 6.75 ± 1.0 cm above the level of AHF. The minimum distance of origin was 4.30
               cm and the maximum distance of origin was 9.20 cm respectively. The study done by Abdelghany et al, [9] showed that the TN supplied one branch to the lateral head alone or with the soleus muscle 4.41 ± 0.74 cm above the level
               of apex of the head of the fibula. This is coinciding with the observations seen in the present study. In our present study,
               we observed that in 10% (n = 4) of specimens there was a common branch for the lateral head of the gastrocnemius and for the
               soleus muscle. 
            

            Jang et al, [11] found only one motor branch to LHG muscle. Kim et al, [12] detected only one branch supplying the lateral head. Sook et al, [13] found up to four branches supplying the lateral head. Hwang et al, [10] found one branch supplying the LHG. In the present study we found that in 30% (n = 12) of specimens the nerve divided before
               it supplied the muscle. 27.50% (n = 11) specimens showed two divisions and 2.50% (n = 1) of specimen showed three-division
               before it entered the muscle. In10% (n = 4) of specimens NS originated from the NLHG. 
            

            The study done by Abdelghany et al, [9] showed that in 91.67%, the tibial nerve gave a branch to the soleus at 6.84 ± 0.91 cm above the level of AHF and another
               branch 2.78±0.66 cm above the level of AHF. In the present study we found that 90% (n = 36) of specimens had one branch which
               supplied the soleus muscle. 10% (n = 4) of specimens had two branches which supplied the muscle.
            

            In the present study the mean site of origin of NS in relation to AHF was 6.03 ± 0.97 cm. The minimum distance of origin was
               4.10 cm and the maximum distance of origin was 9.30 cm respectively. In the present study all the values were measured from
               the first branch in the case when the muscle was supplied by more than one branch.
            

            Sook et al, [13] and Deltombe et al, [14] found one branch to the soleus muscle. Sekiya et al, [15] mentioned that the soleus muscle was supplied by two branches from the TN. Decq et al, [16] showed that the spasticity of the soleus muscle was mainly responsible for spastic equinus foot in 75% of cases, and the
               gastrocnemius was involved in only 12.5% of cases. Treatment of the spastic equinovarus foot is multimodal and it includes
               physical therapy, peripheral selective neurotomy and tendon transfer. The selective fascicular neurotomy consists of a partial
               section of the motor branches to the muscles presenting excessive spasticity. [17,18] In a study done by Roujeau et al, [19] fascicular resection of the NS alone was sufficient to reduce spastic equinus foot. 
            

            Tibial neurotomy led to the disappearance of spasticity with the improvement of the gait in all patients. [20,21] Mu et al, [22] treated 52 cases with neurotomy and the spastic gait was improved. The study done by Wang et al, [23] found that 85% of the cases of equinus foot have improved after selective neurotomy. A selective tibial nerve block with
               anesthetics stops spasticity for a few hours, allowing evaluation of the resulting functional improvement. It helps to predict
               the improvement that could be expected from the permanent treatment. So Selective tibial nerve block is tried before considering
               the permanent treatment methods like selective neurotomy. [14,24] The study done by Abdelghany et al, [9] showed that in 8.33% of cases had a common branch for the soleus and the lateral head of gastrocnemius that divided into
               two branches to the upper border of the muscle. This is similar to the observations seen in the present study.
            

            Hwang et al, [10] described that one nerve branch supplied the soleus muscle and in 30% of the cases the nerve originated from the nerve innervating
               the lateral head of gastrocnemius muscle. This also correlates with the current study. In the present study, we observed that
               in 10 %( n = 4) of specimens the nerve to soleus muscle originated from the nerve to lateral head of gastrocnemius muscle.
               In the study done by Abdelghany et al, [9] the upper branch to the soleus muscle was later divided into three branches to the upper border of the muscle. The lower
               branch is also divided into three branches to supply the deep surface of the muscle. In the present study done on 40 specimens,
               35% (n = 14) of the branches showed divisions. 32.5% (n = 13) branches showed two divisions. 2.5% (n = 1) showed three divisions.
               Out of four specimens that showed two branches, two specimens showed that the division was from the upper branch and two specimens
               showed that the division was from the lower branch supplying the muscle.
            

            
               Nerve to 
               Plantaris Muscle
               
            

            In the present study we found that all the specimens had one branch which supplied the plantaris muscle. The mean site of
               origin of nerve to plantaris muscle in relation to the apex of the head of the fibula was 5.30 ± 0.81 cm. The minimum distance
               of origin was 3.50 cm and the maximum distance of origin was 7 cm respectively. A study done by Abdelghany et al, [9] showed that the plantaris muscle was supplied by a branch of the tibial nerve on its medial border and the nerve originated
               around 5.33 ± 0.71 cm from the apex of the head of the fibula. This is coinciding with the observations seen in the present
               study.
            

            
               Nerve to Popliteus Muscle
               
            

            In the present study we found that all the specimens had one branch which supplied the popliteus muscle. The mean site of
               origin of nerve to popliteus muscle in relation to the apex of the head of the fibula was 3.89 ± 0.48 cm. The minimum distance
               of origin was 2.90 cm and the maximum distance of origin was 4.80 cm respectively. A study done by Abdelghany et al, [9] showed that the popliteus muscle received a branch from the tibial nerve 3.62 ± 0.58 cm above the level of apex of the head
               of the fibula. This branch curved around the lower border of the muscle to its deep surface. This is similar to the observations
               seen in the present study. In the present study all the values were measured from the first branch in the case when the muscle
               was supplied by more than one branch.
            

         

         
               Conclusion

            The present study on the South Indian population provides considerable information on the branches given by the tibial nerve
               in the posterior compartment of the leg. The variation in the branching pattern of the tibial nerve in the posterior compartment
               of the leg was at par with the studies done in other regions of the world. Detailed knowledge of these variations and motor
               branching patterns may help the surgeons operating around this area and also in certain procedures done for calf reduction
               where selective neurectomy is required and also to treat Spastic equinovarus foot. It is also required for anesthetists for
               inducing neurolytic blocks.
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