Figure 1. Dorsal soft tissue structures
A plastic model illustrating the soft tissue structures dorsal to PIP joint (A): capsule (yellow color in B), extensor digitorum communis tendon (Navy blue color in C) divides into a central slip inserting into middle phalanx base and two lateral slips (Royal blue color in D) on either sides. On either side of the joint, intrinsic muscles (red color in E) give rise to a conjoint tendon joining the lateral extensor slip forming the lateral bands (Sky blue color in F). The lateral bands are held in position to the central extensor slip through triangular ligaments (green color in G). 
pPh. Proximal phalanx, mPh. middle phalanx, dPh. Distal phalanx.
Figure 2. Volar & lateral soft tissue structures
A plastic model illustrating soft tissue structures supporting PIP joint volarly (A): capsule (yellow color in B) thickened to form the volar plate (Royal blue color in C). Volar plate is thickened on either sides to form checkrein ligaments (Navy blue color in C). Two slips of flexor digitorum superficialis tendon (yellow color in D) and a central flexor digitorum profundus tendon (red color in E) are contained within a fibrous flexor sheath (green color in F). Soft tissue structures supporting both sides of PIP joint (G). Collateral ligament originating from dorsum of proximal phalanx (red dot) and divides into proper collateral ligament (orange color) inserted into middle phalanx base and an accessory component (yellow color) inserted into the volar plate (blue color) (H).  
pPh. Proximal phalanx, mPh. middle phalanx, dPh. Distal phalanx.
Figure 3. Treatment options for PIP joint arthritis
Options include either prosthetic (silicon or metal) arthroplasty or arthrodesis using different techniques.
Figure 4. Natural finger flexion cascade
A hand photo showing the natural finger flexion observed at rest with progressive increase of this flexion (green asterisks) from the index (30°) to the little finger (60°) with 40° & 50° for the middle and ring fingers respectively.

Figure 5. Anatomy of Herbert screw
A Herbert screw (top left) is a headless one with two ends; a leading end (L) that enters bone first and a trailing one (T) that engages screw driver tip. Thread pitch of leading end (P1) Is wider than that (P2) of trailing one. As the screw is driven ante-gradely through the head of the proximal phalanx then the base of middle phalanx, no appreciable compression is observed at the PIP joint until screw trailing end engages bone of proximal phalanx (blue arrow in A ― D). Later, the screw stops to advance and instead, the two bone segments slide retro-gradely along the screw shaft at different speeds (small yellow arrow & big red one in E through G). As the middle phalanx base chases the proximal phalanx head along the screw with the former faster than the latter because LP is wider than TP, they end up colliding against each other with compression at PIP joint achieved. 
pPh. Proximal phalanx, mPh. middle phalanx. TE. trailing end. LE. leading end. TCT. trailing cortical thread. LCT. leading cancellous thread. TP. trailing pitch (distance between two adjacent threads of trailing end). LP. leading pitch (distance between two adjacent threads of leading end).
Figure 6. Patient epidemiologic features
A histogram showing patient data regarding original mechanisms and patterns of PIP joint injuries after which arthritis ensued with prevalence of injures among various digits.
Figure 7. Essential borders of digits
Each digit has ulnar & radial borders. During daily activities, one of these borders comes more often in contact with other digits or with the environment and hence, it is an “essential border”. This is exemplified during writing (A) as it is clear that the essential border of the thumb is the ulnar one, those of index & middle fingers are the radial ones and those of ring & little ones are the ulnar borders (red lines in B). It is better to avoid any incision along the essential border of any digit especially at PIP joint of regular digit or IP joint of the thumb (wrong yellow incisions in C & right green ones in D).
Figure 8. Operative technique (Herbert screw)
 The apex of skin incision was kept away from the essential ulnar border of the involved ring finger (A). Skin retraction revealed components of the digital extensor mechanism; central slip (green arrow in B) and two lateral bands (blue arrows in B). Midline longitudinal incision through the central slip (broken blue line in C) and periosteum to expose PIP joint (D). Collateral ligaments were sharply released at their origin (blue asterisks in E) to release flexion deformity of PIP joint. A tiny osteotome and a small bone curette were used to remove cartilage on both joint sides to expose subchondral bone (green arrows in F).  To correct malrotation at PIP joint, marks were made using diathermy blades exactly opposite each other on either sides of the joint with all the digits fully flexed together (yellow & blue arrows in G). Two parallel 1.0mm guide wires were inserted through PIP joint (A). First, a 1.1 cannulated drill bit was used to make a pilot tunnel through the joint followed by using a 2mm drill bit to widen the proximal part of the tunnel (B). Two 2.5 mm mini-Herbert screws were inserted along the guide wires (C) and they were tightened to ensure their heads were flush with bone surface (blue arrows in D).
Figure 9. Operative technique (Tension band wiring)
After PIP joint preparation (A), a bayonet tipped 1.1 mm K wire was used to a drill a transverse tunnel at base of middle phalanx (B). A segment of a monofilament stainless steel malleable 26 gauge (0.45 mm) wire was threaded through the tunnel (C). After putting PIP joint in the proper flexion and correcting any malrotation, compression was exerted across the joint using a small reduction towel clamp (D). Two Parallel trocar tipped 1.0 mm K wires were driven ante–gradely across PIP joint (E). Both limbs of stainless steel wire were crossed over against each other to form “figure-of-eight” configuration (green arrows in G & H). 
pPh. Proximal phalanx, mPh. middle phalanx, dPh. Distal phalanx.
Figure 10. Tension band wiring technique (cont.)
The already formed limb of the tension band was hooked around the protruding K wires to complete “figure – of – eight” configuration (A). Formation of the “loop knot” along the firstly formed limb around a mosquito forceps tip (B ― F). Free ends of the stainless steel wire were twisted to form “twisted knot” (F ― H). After forming the loop & twisted knots (yellow & red arrows respectively in I&J), protruding K wire ends were bent (K). The formation of a knot along each limb allowed tightening to be applied equally to both limbs with even compression at the joint. An intra-operative shot showing completion of the tension band wiring (K) followed by stitching the extensor tendon mechanism back with polyester (Ethibond) suture (L).
Figure 11. Immediate post-operative follow up
Clinical photos showing use of hand-held infrared thermometer (A & B) and a fingertip pulse oximeter (C & D) applied to the pulp at the operated fingertip to ensure good blood circulation. 
Figure 12. A photo of Pain visual analogue scale (PVAS). It was a two sided folded piece of cardboard (A). On one side there was a seamless transition between two colures; red and green (B). While the red color symbolized the worst pain that could be imagined by the patient and the green color symbolized no pain at all, the yellow one symbolized pain of moderate intensity. On the other side, pain severity was represented numerically on a scale from zero to ten (C).  While zero signified no pain at all, ten signified the worst pain. Categories of pain severity on Pain visual analogue scale. The scale is divided into 10 points; zero point indicates NO pain at all, points ˃ 0 ― 3 denote mild pain, points > 3 ― 7 denote moderate pain, points >7 ― 9 points reflects sever pain and points > 9 ― 10 points reflects the worst pain experienced by the patient ever (D).
Figure 13. A histogram showing distribution of pain severity categories among patients of both TBW & HS groups pre- & post-operatively. The difference between patients of both groups post-operatively was statistically significant (p = 0.04).
TBW. Tension band wiring, HS. Herbert screw. Red asterisk. Actual patient number.
Figure 14. A histogram showing distribution of job status categories among patients of both TBW & HS groups pre- & post-operatively (p = 0.15). 
TBW. Tension band wiring, HS. Herbert screw. Red asterisk. Actual patient number.
Figure 15. Total active movement (TAM) of digits
Punch of clinical photos showing average normal range of individual digital joint movements (Top). An equation showing how to estimate the percentage TAM compared to normal similar contralateral digit (Middle). A pie chart showing various TAM (total active movement) grades (Bottom).
MCP. Meta-carpo-phalangeal, PIP. Proximal inter-phalangeal, DIP. Distal inter-phalangeal, TAM. Total active movement.
Figure 16. A histogram showing digital joint movement range & TAM among patients of both TBW & HS groups pre- & post-operatively. Red asterisk. Actual patient number.
TBW. Tension band wiring, HS. Herbert screw. 
Figure 17. A histogram showing distribution of various TAM categories among patients of both TBW & HS groups pre- & post-operatively. Red asterisk. Actual patient number.
TBW. Tension band wiring, HS. Herbert screw. Red asterisk. Actual patient number.
Figure 18. Photos of Hoggan micro FET3 hand-held digital dynamometer (A). The front of the device (A) carries two rectangular LCD (liquid crystal display) windows; a right and left ones. The left LCD window shows High (H) (thin red arrow in B) or low (L) (thin yellow arrow in C) threshold, while the right window shows muscle strength in pounds. The back of the device carries a hole where the transducer pad is to be fitted (D & E). Three different transducer pads: a curved pad (F) for the arm & forearm, a large flat round pad (G) for the hand and a small flat round one (H) for the fingers. The hand jammer dynamometer with its fixed & mobile handles (f & m respectively) and the dial (d) (I). The device had five positions (colored arrows) varying according to the distance between the mobile & fixed handles (thick red arrow representing 2nd position in J, green arrow representing 3rd position in K and yellow one representing 5th position in L).
Figure 19. Clinical photo (A) showing finger extension strength manual testing using digital Hoggan micro FET3 dynamometer. Clinician resistance (yellow arrow) was exerted against patient force (red arrow) to maintain finger extension. (B) A histogram showing finger extension strength in patients of both TBW & HS groups pre- & post-operatively (p = 0.08).
TBW. Tension band wiring, HS. Herbert screw, lb. Pound.
Figure 20. Clinical photos (Top) showing the technique of measuring hand grip strength using the hand jammer dynamometer(A). The patient was asked to squeeze the handles of the device as strongly as possible (B). A histogram (Bottom) showing hand grip strength in patients of both TBW & HS groups pre- & post-operatively (p = 0.03).
TBW. Tension band wiring, HS. Herbert screw. lb. Pound.
Figure 21. Diagrammatic representation (Top) of the main domains covered in the modified Michigan hand outcome questionnaire (MMHOQ). An equation (Bottom) to convert the paradoxical raw score of MMHOQ into a normalized score that did make more sense. 
Figure 22. A photo of the patient satisfaction plastic cardboard (A) with various grades of satisfaction (B). 
TBW. Tension band wiring, HS. Herbert screw.

Figure 23. A histogram showing distribution of various patient satisfaction grades among patients of both TBW & HS groups pre- & post-operatively. 
Figure 24. A 46-year-old gentleman had open injury of all the fingers (except the thumb) of his non-dominant hand (A―D). He was treated initially by amputating the ring finger and fixation of open fracture dislocation of index PIP joint, middle finger open comminuted fracture proximal phalanx and little finger open fracture dislocation of PIP joint. Eight months later, he was referred to us with painful arthritic PIP joints of index, middle and ring (E & F). The index was the most painful and deformed digit. Only index PIP joint was fused using a couple of mini-Herbert screws (G & J).
Figure 25. A 31-year-old housewife had open injury of all the fingers (except the thumb) of her non-dominant hand (A―C). She had pen comminuted fracture of middle phalanx of index & middle finger and open PIP joint fracture dislocation of ring & little fingers (yellow circles in D&E). later, she presented with painful malrotated arthritic PIP joints of index, ring & little fingers. Using Herbert screws, fusion of all the fingers except the middle one was performed (F―H).
 Figure 26. A 24-year-old male teacher had open fracture neck proximal phalanx with severed extensor tendon of the index of his dominant hand in a bicycle accident (A―E). Initial treatment in the form of repairing the tendon and K wire fracture fixation was performed. Eleven months later, the patient presented to us with painful sever flexion deformity at index PIP joint. The joint was fused using mini-Herbert screws (F―K).
Figure 27. A 15-year-old female student had open epiphyseal fracture separation of the base of middle phalanx of the dominant hand middle finger (A―E). The displaced epiphysis was reduced and stabilized using crossed K wires. She presented to us a year later with painful malrotated stiff PIP joint of the involved digit. PIP joint was arthrodesed in proper flexion and descent rotation using a couple of mini-Herbert screws (F―J).

Figure 28. A 35-year-old male clerk had open fracture dislocation of PIP joint (ulnar uni-condylar head fracture of the proximal phalanx) and extensor tendon injury of his dominant hand index (A―D, I&J). The displaced condyle was reduced and fixed using K wires together with extensor tendon repair. He presented to us 14 months later with painful deformed stiff PIP joint of the involved finger The PIP joint was fused in appropriate position using a couple of mini-Herbert screws (E―H, K&L).
Figure 29. A 37-year-old housewife had open laceration of both superficial & deep flexors at PIP joint of her dominant hand ring finger. She had failed primary repair of both tendons in the form of stiff flexed digit. This was followed by two staged flexor tendon reconstruction using silicon rode. Unfortunately, sever infection developed soon in the digit that necessitated removal of the silicon rode (A―C). 16 months after initial injury, she presented to us with stiff-in-extension PIP joint of the involved digit for which fusion was done using Herbert screws (D&E).
Figure 30. A 28-year-old male carpenter had almost amputation of his non dominant hand index & middle fingers through PIP joints. Primary treatment in the form of bone fixation with K wires and extensor & flexor tendon repairs. Eleven months later, he presented to us with painful stiff PIP joints of involved digits (A―C). Both joints were fused using Herbert screws (D ― H).
Figure 31. A 17-year-old female patient had open extensor tendon injury of her non dominant hand index & middle fingers at PIP joints (A,B). She presented to us thirteen months after tendon repair with stiff-in-extension index & middle digits (C, D). PIP arthrodesis was performed for index and ring fingers using Herbert screws (E―H).
Figure 32. A 9-years-old female patient had open fracture neck proximal phalanx with dorsal open tear of extensor tendon of her non dominant hand index. She presented to us almost a year later with maltreated index and stiffness at PIP joint (A―D).PIP arthrodesis was performed using Herbert screws (E―G).
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